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From: Fuller, Steve
To: Richard Franklin
Subject: RE: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/17/2011 02:11 PM


Its 2:10 and I have not received the document.
 
Steve Fuller, L.E.G, P.G.
Sr. Consultant
cell: 206.276.7844


________________________________


From: Franklin.Richard@epamail.epa.gov [mailto:Franklin.Richard@epamail.epa.gov]
Sent: Fri 6/17/2011 4:17 PM
To: Robert K. Johnston
Cc: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750; Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 
71751; Shiroma, Estelle; gauth@nosc.mil; George, Robert D CIV SPAWARSYSCEN-PACIFIC, 71752; 
Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752; Fuller, Steve
Subject: Re: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and other Contaminants


Got it.  Thanks so much! 


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


From:        "Robert K. Johnston" <johnston@spawar.navy.mil> 
To:        Richard Franklin/R10/USEPA/US@EPA 
Cc:        "Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751" <bill.wild@navy.mil>, "Chadwick, Bart B 
CIV SPAWARSYSCEN-PACIFIC, 71750" <bart.chadwick@navy.mil>, "Fransham, Roy L CIV SPAWARSYSCEN-
PACIFIC, 71752" <roy.fransham@navy.mil>, "George, Robert D CIV SPAWARSYSCEN-PACIFIC, 71752" 
<robert.george@navy.mil>, SFuller@TechLawInc.com, gauth@nosc.mil, "Shiroma, Estelle" 
<EShiroma@TechLawInc.com> 
Date:        06/17/2011 11:16 AM 
Subject:        Re: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other 
Contaminants 


________________________________


Hi Richard


See attached for SINKEX final report. It should be small enough to go
through the email server. Let me know if you receive this ok.


-bob


> > -----Original Message-----
> > From: Franklin.Richard@epamail.epa.gov [mailto:Franklin.Richard@epamail.epa.gov 
<mailto:Franklin.Richard@epamail.epa.gov> ]
> > Sent: Tuesday, June 14, 2011 1:57 PM
> > To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> > Cc: SFuller@TechLawInc.com
> > Subject: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and other Contaminants
> >
> > HI Bart,
> >
> > Thanks for visiting with me this afternoon about Mr. (Dr?) Gauthier's reports on the release 
of PCBs and other contaminants in the deep ocean from sunken vessels.  As I mentioned in our call, 
we are working to assist the U.S. Coast Guard, Sector Columbia River, with conducting an 
Engineering Evaluation and Cost Analysis (EE/CA) of disposal options for an ex-Navy ship that has 
been abandoned on the lower Columbia River.
> >
> > The vessel is an attractive nuisance, but more specifically is contaminated with PCBs in 
interior paint and PCB-laced asbestos cabling insulation.  The USCG would like to scuttle the 
vessel in 1000 fathoms of water, 65 miles offshore the coast Oregon.
> >
> > In conducting the EE/CA, we've been having a hard time finding appropriate, helpful studies or 
data on what might happen to PCBs in the deep ocean environment.  However, we did find references 
to Mr.
> >
> > Gauthier's work in SPAWAR's January 2006 Final Report on the Ecological Risk Assessment on the 
EX- ORISKANY, specifically;
> >
> > Gauthier et al. 2006. Risk Assessment of the Potential Release of PCBs and Other Contaminants 
from Sunken Navy Ships in the Deep Ocean: ex-USS AGERHOLM Case Study.
> >
> > Final
> > report prepared for SINKEX Technical Working Group, by Space and Naval Warfare Systems Center, 
San Diego, CA. (in prep).
> >
> >  Another reference that looks to be helpful in this report is:
> >
> > Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha Stallard, and D. H. 
Rushworth 1994. Ecological Analysis of Deep Sea Sinking of Navy Ships Containing Polychlorinated 



mailto:SFuller@TechLawInc.com
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Biphenyls (PCB) Impregnated Materials, White Paper. Naval Command, Control, and Ocean Surveillance 
Center Research Development Test and Evaluation Division (NRaD), Environmental Sciences Division, 
Code 52, 4 March 1994, San Diego, CA.
> >
> > We've not been able to locate the these studies, so I'd like to request a copy from your 
agency if possible.  Any help you can provide will be appreciated.  We'd love to get our hands on 
a copy soon (would be great to have it such electronic copy, but of course hard copy is great, 
too).
> >
> > At this point, ANY help is highly appreciated.  Any other references that you may deem to be 
helpful would be appreciated.  Also, I've cc'd our EPA contractor who is assisting with our risk 
assessment and also putting our report together.
> >
> > Thanks again for your help,
> >
> > Richard Franklin
> > Federal On-Scene Coordinator
> > U.S. EPA Region 10
> > Oregon Operations Office
> > 805 SW Broadway, Suite 500
> > Portland, OR  97205
> >
> > Office:  (503) 326-2917
> > Cell:     (503) 475-4178


--
~~~o~~~<><~~~~o~~><>~~~o~<*((><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW
Space and Naval Warfare Systems Center Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279
johnston@spawar.navy.mil[attachment "SINKEX Project Final Report (March 2006).pdf" deleted by 
Richard Franklin/R10/USEPA/US] 








From: Fuller, Steve
To: Richard Franklin
Subject: FW: LST 1166
Date: 06/30/2011 02:39 PM
Attachments: 000_0016.JPG


Richard,
 
See below.
 


From: Jesse Hutton [mailto:jesse@BallardDiving.com] 
Sent: Thursday, June 30, 2011 2:28 PM
To: Fuller, Steve
Cc: Eric Muller; Michael Eakin; 'Robert Mester'; Troy Nylander
Subject: RE: LST 1166
 
Steve,
The reason Cascade would not take the Davy was due to the PCB contaminates. That was the only
reason. That's why we are cutting it up in place. I really think the method (pic attached) we are using
for the Davy remediation is a viable option for the LST. Its clean and there is no risk of the tow
sinking in a navigation channel or the Columbia River bar. You could install the sheet wall
containment and perform paint removal,  foam (double bottom) removal and dismantling right in
place. No other problems though - everything going great. Only the bow section left at this point.


Have a great day.
 
Jesse Hutton
Ballard Diving and Salvage
Office: (360) 695-5163
Mobile: (360) 518-3641
Jesse@ballarddiving.com
www.ballarddiving.com
 


 
Confidentiality Notice: This page and any accompanying documents contain information that is
confidential, privileged, or exempt from disclosure under applicable law and is intended for the
exclusive use of the addressee. This information is private and protected by law. If you are not the
intended recipient, you are hereby notified that any disclosure, copying, distribution, or use of the
contents of this information in any manner is strictly prohibited.
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From: Fuller, Steve [mailto:SFuller@TechLawInc.com] 
Sent: Thursday, June 30, 2011 11:41 AM
To: Jesse Hutton
Subject: LST 1166
 
Jesse,
 
When EPA briefed USCG on the EE/CA last week, Chief Griggs said that they had recently heard from
Cascade General and the other graving dock facility that they would not take the LST nor lease out
space at a dock for shipbreaking and salvage.  This was reportedly due to problems with the Davy
Crockett work going on now.  Could you provide me with some intel?
 
Best,
Steve
 
Steve Fuller L.E.G., P.G.
Sr. Consultant
Techlaw Inc.
101 Yesler Way, Suite 600
Seattle, WA 98104
206.577.3051 (O)
206.276.7844 (C)
 








From: Richard Franklin
To: Robert C Anderson
Subject: Re: Draft No Effects Memo, LST-1166
Date: 07/05/2011 01:27 PM


Hey Robert,


No Problem.  We appreciate any help or guidance you can provide.  I should be in
all week, so whenever its convenient for you would be fine.


Thanks again,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ Robert C Anderson ---07/05/2011 01:21:33 PM---Hi Richard -- I got wrapped up
in a couple of fire drills last week. I'll give you a call TH to disc


From:    Robert C Anderson <robert.c.anderson@noaa.gov>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    07/05/2011 01:21 PM
Subject:    Re: Draft No Effects Memo, LST-1166


Hi Richard -- I got wrapped up in a couple of fire drills last week. I'll give you
a call TH to discuss if your available. 


robert


Franklin.Richard@epamail.epa.gov wrote the following on 6/27/2011 11:07
AM: 


Het Robert,


Thanks so much for being wiling to take a quick
look at this technical
memorandum.  Again, if you feel that something
is amiss or we're
off-track, give us a hollar.


(See attached file: No effects tech memo Rev
3.docx)


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
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805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178








From: Fuller, Steve
To: Richard Franklin
Cc: Earl Liverman
Subject: Tech Memo for LST-1166 - Figures
Date: 06/10/2011 04:23 PM
Attachments: Figures_1_and_2.pdf


Richard,
 
The figures at accompany the memo.
 
Best,
Steve
 
Steve Fuller L.E.G., P.G.
Sr. Consultant
Techlaw Inc.
101 Yesler Way, Suite 600
Seattle, WA 98104
206.577.3051 (O)
206.276.7844 (C)
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Figure 1:  Site Location Map 



 
  











Figure 2:  Disposal Location Map 
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From: Fuller, Steve
To: Richard Franklin
Subject: RE: Directions for meeting STA PDX small boat for LST visit
Date: 05/13/2011 08:23 PM


Thanks Richard, see you at high noon.
 
Steve Fuller, L.E.G, P.G.
Sr. Consultant
phone: 360.871.8755
cell: 206.276.7844


________________________________


From: Franklin.Richard@epamail.epa.gov [mailto:Franklin.Richard@epamail.epa.gov]
Sent: Fri 5/13/2011 7:45 PM
To: Fuller, Steve; robert.c.anderson@noaa.gov; Tom Townsend; Earl Liverman
Subject: Fw: Directions for meeting STA PDX small boat for LST visit


----- Original Message -----
From: "Pomajzl, Jarrod LTJG" [Jarrod.E.Pomajzl@uscg.mil]
Sent: 05/13/2011 02:29 PM MST
To: Richard Franklin
Cc: "Thorkilson, Kelly LCDR" <Kelly.A.Thorkilson@uscg.mil>
Subject: Directions for meeting STA PDX small boat for LST visit


Richard,


Attached is a set of Google directions from Portland to the Rainier Senior Center.  Just off the 
bank of the Columbia in the parking lot of this Senior Center is the dock where the STA PDX 25' 
RBS will meet you and your party.  Basically, head north on I-5 and take the Longview exit.  Head 
over the Longview Bridge and turn back to the east.  It's only a mile or so down the way.  The 
Coxswain that day will be BM2 Matt Riesberg and he can be reached at 503-849-0505.  This is the 
duty coxswain's phone number.  If you can't reach him that day, try 503-849-0507.  This is the 
STA PDX OOD duty cell phone.  They will meet you there at 1200 and can accommodate 5 people.  Have 
fun!


v/r


JEP


-----Original Message-----
From: USCG MSU Portland [mailto:MSUPortlandHPDS@uscg.mil]
Sent: Friday, May 13, 2011 2:26 PM
To: Pomajzl, Jarrod LTJG
Subject: DOI SOW


Please open the attached document. This document was digitally sent to you using an HP Digital 
Sending device.
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From: Fuller, Steve
To: Richard Franklin
Subject: FW: LST 1166
Date: 05/17/2011 02:50 PM
Attachments: Solon Turman in dock 005.jpg


Solon Turman in dock 004.jpg


Both, see below.
 


From: Martin, Bradley 
Sent: Tuesday, May 17, 2011 2:36 PM
To: Fuller, Steve
Subject: FW: LST 1166
 
 
 
Bradley K. Martin
TechLaw, Inc.
205 W. Wacker Drive, Suite 1622
Chicago, Illinois 60606
bmartin@techlawinc.com
312.345.8960 (Direct)
312.345.8979 (Fax)
www.techlawinc.com
From: Jack Billings [mailto:jbillings8@juno.com] 
Sent: Sunday, May 15, 2011 9:59 PM
To: Martin, Bradley
Subject: RE: LST 1166
 
Brad,
 
For work in Oregon.
 
Alpine Abatement Associates, Inc. / CCB # 65094 / DEQ FSC 554
 
Alpine has completed several special projects for the EPA.
 
My company in California is Allied Defense Recycling, LLC.  I have three partners, 2 are
retired Naval Officers and the other owns Alliance Metals in Oakland, CA.  Between the 4 of
us we have over 100 years experience in dealing with problems like the LST.
 
ADRs most important approval is the one with the Maritime Administration or MARAD. 
We are the only certified facility on the West Coast for recycling MARAD controlled
vessels.  We also hold Master Ship Repair status with MARAD.  ADR is the only privately
owned company in the United States that is currently recycling retired Naval vessels in a
Graving Dock (completely out of the water).  We currently have 2 former MARAD vessels in
dock at Mare Island, totally over 17,000 long tons.  A list of approvals, licenses and permits
that ADR had to acquire prior to opening the Mare Island facility follows:
 
NPDES / Order No. R2-2008-0062 / NPDES NO. CA0030171
Navy License / N4769210RP10P42
EPA ID / No. CAL000361183
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Business License / City of Vallejo, CA / 11-00010779
Use Permit / 08-0008
California Sellers Permit / JHF 101-688974
USACE Dredging Permit No. / 2008-00311N
California Fish and Game Take Permit / ITP 2081-2010-009-07
Federal Tax ID No. / 37-1570752
California Employer ID No. / 314-6063-7
 
ADR holds over $15,000,000 in Pollution Liability insurance along with a host of other types
of insurance required for this type of operation including Workers Comp/L&H coverage.
 
My estimate for completing the foam removal where she sets / $2,530,000.00
 
Thanks,
Jack R. Billings
Contracting Officer / ADR, LLC
  
 
 


---------- Original Message ----------
From: "Martin, Bradley" <BMartin@TechLawInc.com>
To: "Jack Billings" <jbillings8@juno.com>
Subject: RE: LST 1166
Date: Fri, 13 May 2011 15:43:00 -0500


Thanks Jack – Not to be a pest, but we are going to be sending in a new report to EPA on Tuesday of
next week.  Thanks again, Brad
 
Bradley K. Martin
TechLaw, Inc.
205 W. Wacker Drive, Suite 1622
Chicago, Illinois 60606
bmartin@techlawinc.com
312.345.8960 (Direct)
312.345.8979 (Fax)
www.techlawinc.com
From: Jack Billings [mailto:jbillings8@juno.com] 
Sent: Tuesday, May 10, 2011 4:24 PM
To: Martin, Bradley
Subject: RE: LST 1166
 
Brad,
 
I will send you a list.
 
Jack 
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---------- Original Message ----------
From: "Martin, Bradley" <BMartin@TechLawInc.com>
To: "Jack Billings" <jbillings8@juno.com>
Subject: RE: LST 1166
Date: Tue, 10 May 2011 11:22:36 -0500


Thanks Jack!  Since we last spoke, I had another question for you (not costs this time!)…What is
government agency/entity that permits your type of facility?  We wanted to make sure our report is
referencing the correct agency.
 
Thanks again, Brad
 
Bradley K. Martin
TechLaw, Inc.
205 W. Wacker Drive, Suite 1622
Chicago, Illinois 60606
bmartin@techlawinc.com
312.345.8960 (Direct)
312.345.8979 (Fax)
www.techlawinc.com
From: Jack Billings [mailto:jbillings8@juno.com] 
Sent: Tuesday, May 10, 2011 9:20 AM
To: Martin, Bradley
Subject: LST 1166
 
Brad,
 
Just letting you know that I am working on the foam removal with the vessel in place.  I am
having some trouble nailing down the price of support barges and transportation costs, (to and
from the vessel).
 
I will be in touch.
 
Jack 
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From: Richard Franklin
To: Robert C Anderson
Subject: Re: Draft No Effects Memo, LST-1166
Date: 07/12/2011 11:40 AM


Hey Robert.  Any time to review yet?  


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ Robert C Anderson ---07/05/2011 01:21:33 PM---Hi Richard -- I got wrapped up
in a couple of fire drills last week. I'll give you a call TH to disc


From:    Robert C Anderson <robert.c.anderson@noaa.gov>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    07/05/2011 01:21 PM
Subject:    Re: Draft No Effects Memo, LST-1166


Hi Richard -- I got wrapped up in a couple of fire drills last week. I'll give you
a call TH to discuss if your available. 


robert


Franklin.Richard@epamail.epa.gov wrote the following on 6/27/2011 11:07
AM: 


Het Robert,


Thanks so much for being wiling to take a quick
look at this technical
memorandum.  Again, if you feel that something
is amiss or we're
off-track, give us a hollar.


(See attached file: No effects tech memo Rev
3.docx)


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178
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From: Aaron Harrington
To: Richard Franklin
Cc: Vince Piscitello; Devon Grennan
Subject: Vigor Shipyard aka Casacade General Contact info
Date: 07/05/2011 12:52 PM
Attachments: Vince Piscitello.vcf


Richard,
I have attached Vince’s contact info for you to discuss their perspective on performing work on the
LST 1166 in Portland.  As I mentioned on the phone we have tried to be proactive in looking at this
as a potential project and we have had and continue to meet with Vigor on how Global would
perform the work in Vigor’s yard and the contracting and indemnification necessary to allocate the
liabilities associated with the vessel.  You mentioned you had more information on what additional
prep work would be required to scuttle the vessel and Vigor would also be the logical spot to
perform that work as well based on the size of the LST and to mitigate crossing the Columbia bar in
its current condition.  Please let me know if I can answer any additional questions and feel free to
use us as a resource.   We appreciate the open line of communication on where the project stands
currently and moving forward. 
 
Regards,
 


Aaron Harrington
Environmental Manager
3840 W Marginal Way SW
Seattle, WA 98106
206-623-0621 Office
206-730-9362 Mobile
206-932-9036 Fax
www.gdiving.com
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BEGIN:VCARD
VERSION:2.1
N;LANGUAGE=en-us:Piscitello;Vince
FN:Vince Piscitello
ORG:Vigor Industrial, LLC
TITLE:Director of Business Development
NOTE;ENCODING=QUOTED-PRINTABLE:Vince Piscitello=0D=0A=
VP of Special Operations=0D=0A=
Vigor Industrial, LLC=0D=0A=
5555 N. Channel Ave.=0D=0A=
Portland, Oregon 97217=0D=0A=
O - 503-247-1683=0D=0A=
M - 503-319-2231=0D=0A=
vpiscitello@vigorindustrial.com
TEL;WORK;VOICE:(503) 247-1683
TEL;WORK;VOICE:(206) 623-1635 ext 326
TEL;CELL;VOICE:(503) 319-2231
ADR;WORK;PREF:;;5555 N. Channel Ave.;Portland;Oregon;97217;United States of America
LABEL;WORK;PREF;ENCODING=QUOTED-PRINTABLE:5555 N. Channel Ave.=0D=0A=
Portland, Oregon 97217
X-MS-OL-DEFAULT-POSTAL-ADDRESS:2
URL;WORK:vpiscitello@vigorindustrial.com
X-MS-CARDPICTURE;TYPE=JPEG;ENCODING=BASE64:
 /9j/4AAQSkZJRgABAQEAYABgAAD/2wBDAAYEBQYFBAYGBQYHBwYIChAKCgkJChQODwwQFxQY
 GBcUFhYaHSUfGhsjHBYWICwgIyYnKSopGR8tMC0oMCUoKSj/2wBDAQcHBwoIChMKChMoGhYa
 KCgoKCgoKCgoKCgoKCgoKCgoKCgoKCgoKCgoKCgoKCgoKCgoKCgoKCgoKCgoKCgoKCj/wAAR
 CACUACcDASIAAhEBAxEB/8QAHwAAAQUBAQEBAQEAAAAAAAAAAAECAwQFBgcICQoL/8QAtRAA
 AgEDAwIEAwUFBAQAAAF9AQIDAAQRBRIhMUEGE1FhByJxFDKBkaEII0KxwRVS0fAkM2JyggkK
 FhcYGRolJicoKSo0NTY3ODk6Q0RFRkdISUpTVFVWV1hZWmNkZWZnaGlqc3R1dnd4eXqDhIWG
 h4iJipKTlJWWl5iZmqKjpKWmp6ipqrKztLW2t7i5usLDxMXGx8jJytLT1NXW19jZ2uHi4+Tl
 5ufo6erx8vP09fb3+Pn6/8QAHwEAAwEBAQEBAQEBAQAAAAAAAAECAwQFBgcICQoL/8QAtREA
 AgECBAQDBAcFBAQAAQJ3AAECAxEEBSExBhJBUQdhcRMiMoEIFEKRobHBCSMzUvAVYnLRChYk
 NOEl8RcYGRomJygpKjU2Nzg5OkNERUZHSElKU1RVVldYWVpjZGVmZ2hpanN0dXZ3eHl6goOE
 hYaHiImKkpOUlZaXmJmaoqOkpaanqKmqsrO0tba3uLm6wsPExcbHyMnK0tPU1dbX2Nna4uPk
 5ebn6Onq8vP09fb3+Pn6/9oADAMBAAIRAxEAPwD6UdwpAPU0oIwSTxVeQ7nOPoKRj2B4FAEk
 k4/g59zREMgk9fWoFGSKsr8qc+maAIJPnmx6cUUkIy5aigBw4yfSkpT93680lABEMtUs52xk
 evFJAOabcHkLQA1DsiJ70US8Kq0UAK3Xim0vagdfpQBYhHy5qufmm/GrJ+SP6Cq0PLE0AJMc
 vj0opjNlyfeigCTtTohyKb2qaEfyxQAlw2EA9ajT5YyfWluDlwPQUFSVCryeM0AV6KmEaLy5
 59KKAFHJxU0ZwoxyTzSBoz0Xn6UOSqEjigBDGN2X5J7CmSSEYCjbSRZLEnkgUyQgufSgBEG5
 vmNFNAycCigCzEPmH50s56D8adEvyk/hTJGXeeMkcc9BQAkQIXPvUeFX7xyfQVK5Pl4OBwBx
 UFAAXPRcKPaimUUAaJ4TJ7VUA3MPerMxxGfeoI+pPoKACY8Adjk1FT5fv49OKZQAyiiigC3c
 HkD0psXC89zSSHLNTjwn0H86AISckmkoPWigBlFFFAFoPuIBHWnOVI5xzTI+pPoKSTqB6CgA
 2Ken6GmGP3/MU09aAxHQkUABRscc/Q0Ubz3AP4UUATp9xvwpj/fb60UUARnrRRRQAyiiigD/
 2Q==
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Hey Steve, 


In the effort to understand fate, transport, leaching, eco-risk of PCBs in deep water, and in order to
have this data referenced and described in the EE/CA, I found some more seemingly very important
studies referenced in the 2006 EX-ORISKANY Ecological Assessment provided to the Navy.  I've
attached it here.  In Intro section 2.3, p. 2-3 (and in Section 9 References), there are references that
include: a database of PCBs in solid materials present in Navy ships, a detailed literature review of
PCBs in sediments and biota of the deep ocean environment, a human health and eco-risk study with
data collected from the deep water SINKEX study of the EX-AGERHOLM.  Would be good to review
these to determine applicability to the LST.  We still need to get as much as can of this type of what
may be supporting info into the EE/CA and justification for sinking as an option. 


Thanks, 


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178
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Glossary of Terms, Acronyms, and Abbreviations 
Term Definition 



Accuracy The degree of agreement between a measured value and a true, expected value. 



Acute Toxicity  The ability of a substance to cause effects resulting in severe biological harm within a 
short time after exposure to the toxic compound, usually within 24 to 96 hours. 



AF Assessment Factor – AFs are used to account for gaps in knowledge associated with 
estimating chronic toxicity from acute toxicity, accounting for species-to-species 
differences, and extrapolating from laboratory tests to field toxicity levels, where an 
assessment factor of 10 (the benchmark is divided by the AF of 10 – 1000, as appropriate) 
is applied for each extrapolation required (U.S. EPA 1984, Nabholz 2003, Zeeman 1995, 
Zeeman et al.1999). 



Algae Microscopic plants which contain chlorophyll and live floating or suspended in water as 
phytoplankton in the plankton. Larger multicellular algae, sometimes referred to as 
macro-algae or encrusting algae, may attach to structures, rocks or other submerged 
surfaces. They are food for fish and small aquatic animals. Algae produce oxygen during 
sunlight hours and use oxygen during the night hours. 



Ambient Environmental or natural surrounding conditions. 



ANOVA Analysis of variance  



Anthropogenic  Something made by humans, which effects nature. 



Assessment Endpoint “An explicit expression of the environmental value to be protected, operationally defined 
as an ecological entity and its attributes.” (USEPA, 1998; USEPA, 2003)  



Avian Consumers 



 



Birds of prey and waterfowl (ducks, geese, gulls, cormorants, and ospreys), which feed on 
prey from marine and estuarine waters. 



Attribute “A quality or characteristic of an ecological entity. An attribute is one component of an 
assessment endpoint.” (USEPA 1998b) 



Background Level Naturally occurring levels, ambient concentrations. 



BAF bioaccumulation factor, “the ratio (in L/kg) of a substance’s concentration in tissue of an 
aquatic organism to its concentration in the ambient water” (U.S. EPA 1995). BAFs are 
used to account for the trophic transfer of a contaminant in the food chain 



BAFLipid Lipid-normalized BAF which is the ratio of a chemical in the lipid of an organism to its 
freely dissolved concentration in the water 



BCV The bioaccumulation critical value is the tissue concentration in an organism that when 
exceeded suggests that ambient water quality criteria were exceeded. 



BCF  “the bioconcentration factor is defined as the ratio of chemical concentration in the 
organism to that in surrounding water. Bioconcentration occurs through uptake and 
retention of a substance from water only, through gill membranes or other external body 
surfaces. In the context of setting exposure criteria it is generally understood that the 
terms “BCF” and “steady-state BCF”’ are synonymous. A steady-state condition occurs 
when the organism is exposed for a sufficient length of time that the ratio does not change 
substantially.” http://www.acdlabs.com/products/phys_chem_lab/logd/bcf.html  



Benchmark A specific chemical concentration (in sediment, water, or tissue) or biological response 
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when exceeded has been associated with adverse effects. 



Benthic Community Community of organisms, which spends the majority of their life living within the bottom 
sediments (worm, clam, amphipod, etc.). 



Bioaccumulation 



 



The uptake and retention of substances by an organism from its food and its surrounding 
environment.  Chemicals that bioaccumulate become more concentrated at each 
successively higher level of the food chain. Bioaccumulative chemicals can be toxic to 
organisms at the upper end of a food chain, such as predatory fish, loons, eagles, otters, or 
humans that eat fish. 



Bioassay Study to measure the effects of a chemical on a living organism. 



Bioconcentration The increase in concentration of a chemical in an organism resulting from tissue 
absorption levels exceeding the rate of metabolism and excretion. 
http://www.acdlabs.com/products/phys_chem_lab/logd/bcf.html 



Biomagnification A phenomenon in which certain chemicals accumulate at higher concentrations in higher 
levels of a food chain through dietary routes.  At the top of the food chain an animal, 
through its regular diet, may accumulate a much greater concentration of chemical than 
was present in organisms lower in the food chain. 



Biota  Animal and plant life. 



Bulk Sediment The total sediment concentration (of a chemical) analyzed on a dry weight basis. 



Carnivorous Animals that subsist by feeding on flesh of prey (other animals) 



Calibration A procedure that checks or adjusts an instrument’s accuracy by comparison with a 
standard or reference.  



CBR Critical Body Residue – The concentration of a contaminant in the tissue of an organism 
that can cause adverse effects to the organism when exceeded. 



CCC Criteria Continuous Concentration (CCC – chronic), an estimate of the highest 
concentration of a material in the water column to which an aquatic community can be 
exposed indefinitely without resulting in an unacceptable effect 



CCME Candaian Council of Ministers of the Environment 



Chlorophyll  



 



One of a number of green pigments present in plant cells that are essential in the 
utilization of light energy in photosynthesis. 



Chronic Toxicity  The ability of a substance to cause poisonous effects from long-term exposure, usually 
months or years. 



CMC Criterion maximum concentration (CMC – acute) an estimate of the highest concentration 
of a material in the water column to which an aquatic community can be exposed briefly 
without resulting in an unacceptable effect 



COC  Contaminants of Concern – chemicals identified as having the potential to cause 
ecological impacts. 



Community “An assemblage of populations of different species within a specified location in space 
and time.” (USEPA 1998b) 



Colloids Very small, finely divided solids (particles that do not dissolve) that remain dispersed in a 
liquid for a long time due to their small size and electrical charge.  When most of the 
particles in water have a negative electrical charge, they tend to repel each other.  This 
repulsion prevents the particles from clumping together, becoming heavier, and settling 
out. 
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Conceptual Model Theoretical representation of a situation. “A conceptual model in problem formulation is a 



written description and visual representation of predicted relationships between ecological 
entities and the stressors to which they may be exposed.” (USEPA 1998) 



Congener Something closely resembling or analogous to something else, see PCB congener 



Disturbance “Any event or series of events that disrupts ecosystem, community, or population 
structure and changes resources, substrate availability, or the physical environment.” 
(USEPA 1998d) 



Dose-Response A quantitative relationship between the dose of a chemical and an effect caused by the 
chemical.  



Dose-Response Curve A graphical presentation of the relationship between degree of exposure to a chemical 
(dose) and observed biological effect or response.  



FCM Food Chain Multiplier, the ratio of a BAF to the appropriate BCF. The FCM “reflects a 
chemical’s tendency to biomagnify in the aquatic food web” (U.S. EPA 2002b). 



EC20 Effect Concentration 20% -  the concentration of a chemical in air or water which is 
expected to cause an effect (other than death, e.g. reproductive impairment, reduced 
growth, biochemical response etc.) in 20% of test animals living in that air or water.  



Ecological Entity “A general term that may refer to a species, a group of species, an ecosystem function or 
characteristic, or a specific habitat. An ecological entity is one component of an 
assessment endpoint.” (USEPA 1998d) 



Ecological Receptors Representative species selected to evaluate the likelihood of adverse impact to the 
Assessment Endpoint. 



Ecological Risk 
Assessment 



“The process that evaluates the likelihood that adverse ecological effects may occur or are 
occurring as a result of exposure to one or more stressors.” (USEPA 1998d) 



Ecosystem  An ecological system, a natural unit of living and nonliving components, which interact to 
form a stable system in which a cyclic interchange of materials takes place between 
living, and nonliving units. 



EELAARS Escambia East Large Area Artificial Reef Site is an area permitted by the Army Corps of 
Engineers for the creation of artificial reefs, it is located about 22.5 mi from Pensacola, FL 
(see Figure 2). 



Effects Assessment The determination or estimation (qualitative or quantitative) of the magnitude, frequency, 
duration and extent of effects from exposure to a chemical.  



Effects Measure See Measures of Effects. 



Environmental Media Components of the environment (water, sediment, and biota) that can accumulate 
contaminants. 



Environmental 
Release  



The introduction of a pollutant into the environment through wastewater discharge, air 
emission, or volatilization or leaching from soil, landfill, or other contaminated site. 



Epibenthic Species The community of organisms (e.g. lobster, mussel) which spend the majority of their life 
attached to or in close proximity to the bottom of .a body of water. 



Equilibrium 
Partitioning 



The partitioning or distribution of an organic contaminant between bulk and pore water 
phases of the sediment. 



EMAP Environmental Monitoring and Assessment Program  



ERL  Effects Range - Low - the concentrations of contaminants below which adverse 
biological effects would rarely occur. 
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ERM  Effects Range - Median - concentrations of contaminants above which adverse biological 



effects would probably occur. 



Euphotic Zone The portion of the upper water column which receives enough light to support 
photosynthesis. 



Exposure “Exposure is the contact or co-occurrence of a stressor with a receptor”. (USEPA 1998b) 



Exposure Assessment The determination or estimation (qualitative or quantitative) of the magnitude, frequency, 
duration, route, and extent of exposure to a chemical.  



Exposure Level The amount (concentration) of a chemical that comes into contact with an organism 
through the air, water, sediment, or food.  



Exposure Scenario A set of conditions or assumptions about sources, exposure pathways, concentrations of 
toxic chemicals and populations (numbers, characteristics and habits), which aid in 
evaluating and quantifying exposure.  



FDEP Florida Department of Environmental Protection 



FFWCC Florida Fish and Wildlife Conservation Commission  



Food Chain  A sequence of organisms, each of which uses the next lower member of the sequence as a 
food source. 



FCM Food Chain Multiplier is the increase of a chemical in the food chain that “reflects a 
chemical’s tendency to biomagnify in the aquatic food web” (U.S. EPA 2000b). 



GLWQI-Wildlife Great Lakes Water Quality Initiative criteria for protection of wildlife 



Inorganic  Composed of matter other than plant or animal. 



IVW The interior vessel water is the water contained within the spaces of the sunken hulk not in 
direct contact with the ocean currents. 



LC50 Lethal Concentration 50% -  the concentration of a chemical in air or water which is 
expected to cause death in 50% of test animals living in that air or water.  



LD Lethal Dose -  the amount of a toxic substance required to cause death of an organism 
under study in a given period of time 



LD50 Lethal Dose 50% -  the dosage of a toxic substance required to kill one half of the 
organisms under study in a given period of time 



LKA Landing amphibious cargo ship 



LOAEL Lowest Observed Adverse Effect Level – “The lowest level of a stressor evaluated in a 
test that causes statistically significant [negative] differences from the controls.” (USEPA 
1998d). 



LOED Lowest Observed Effects Dose – the lowest dose in an experiment, which produced an 
statistically significant difference from controls. The dose can refer to the concentration of 
chemical in the diet or the concentration of the chemical in tissues of the organism. 



LWC The lower water column is the water below the pycnocline.  



MARAD U.S. Maritime Administration 



Measures of Effects Measurements that provide information about effect, impact, or stress on Ecological 
Receptors. 



Measures of Exposure Measurements that quantify the concentration of COCs in sediment, water, or biota. 



mg Milligram - one-thousandth of a gram (0.000035 oz.).) 
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mg/L Milligrams Per Liter - a measure of concentration of a dissolved substance.  A 



concentration of one mg/L means that one milligram of a substance is dissolved in each 
liter of water which is equal to parts per million (ppm) since one liter of water is equal in 
weight to one million milligrams.  For example: a liter of water containing 10 milligrams 
of calcium has 10 parts of calcium per one million parts of water, or 10 parts per million 
(10 ppm). 



Molecular Weight The molecular weight of a compound in grams is the sum of the atomic weights of the 
elements in the compound.  



Mortality The proportion of deaths to population. 



NEHC Navy Environmental Health Center, Norfolk, VA 



NOAEL No Observed Adverse Effect Level – “The highest level of a stressor evaluated in a test 
that does not cause statistically significant [negative] differences from the controls.” 
(USEPA 1998d)  



NOED No Observed Effects Dose – the highest dose in an experiment which did notnot cause 
statistically significant differences from the control. The dose can refer to the 
concentration of chemical in the diet or the concentration of the chemical in tissues of the 
organism. 



NOEL No Observed Effect Level - The highest level of a stressor evaluated in a test that does 
not cause statistically significant differences from the controls.. 



Organic  Composed of plant or animal matter. 



Particulate Very small solid particles suspended in water which can vary widely in size, shape, 
density, and electrical charge.  Colloidal and dispersed particulates are artificially 
gathered together by the processes of coagulation and flocculation. 



Partition Coefficient A measure of the extent to which a chemical is divided between the soil/sediment and 
water phases. 



PCB Polychlorinated Biphenyl - any of several compounds that are produced by replacing 
hydrogen atoms in biphenyl with chlorine.  Used in various industrial applications, they 
tend to accumulate in animal tissues. PCB (or PCBs) is a category, or family, of chemical 
compounds formed by the addition of Chlorine (Cl2) to Biphenyl (C12H10), which is a 
dual-ring structure comprising two 6-carbon Benzene rings linked by a single carbon-
carbon bond. For more information see: http://www.epa.gov/toxteam/pcbid/defs.htm 



PCB congener A group of 209 individual PCB compounds having from 1 to 10 chlorine atoms attached 
to biphenyl rings. The name of a congener specifies the total number of chlorine 
substituents and the position of each chlorine.   For example: 4,4'-Dichlorobiphenyl is a 
congener comprising the Biphenyl structure with two chlorine substituents, one on each of 
the two carbons at the "4" (also called "para") positions of the two rings.  For more 
information see: http://www.epa.gov/toxteam/pcbid/defs.htm  



PCB homologs "Homologs" are subcategories of PCB congeners having equal numbers of chlorine 
substituents.  For example, the "Tetrachlorobiphenyls" (or "Tetra-PCBs" or "Tetra-CBs" 
or just "Tetras") are all PCB congeners with exactly 4 chlorine substituents that may be in 
any arrangement.  For more information see: http://www.epa.gov/toxteam/pcbid/defs.htm  



Pelagic Species The community of organisms (fish, plankton), which spend the majority of their life 
floating or swimming in the water. 



Phytoplankton Microscopic plants (such as algae), that forms the basis of the food chain in oceans, 
estuaries, rivers, lakes, and other bodies of water. 
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Plankton  Aquatic organisms of fresh, brackish, or sea water which float passively or exhibit limited 



locomotor activity (e.g. algae, phytoplankton, zooplankton). 



Point Source A stationery location or fixed facility from which pollutants are discharged or emitted.  
Also, any single identifiable source of pollution, (e.g., a pipe, ditch, ship, ore pit, factory 
smokestack).  



Pollutant Any substance introduced into the environment that adversely affects the usefulness of a 
resource. 



Pore Water (PW) The spaces between sediment particles that are saturated with water. 



ppb Parts Per Billion - a measurement of concentration on a weight or volume basis. One ppb 
equals one unit of measurement per billion units of the same measurement.  One ppb 
equals one microgram per liter (µg/L) for volume or one nanogram per gram (ng/g) or 
alternatively one microgram per kilogram (µg/Kg) for weight. 



ppm Parts Per Million - a measurement of concentration on a weight or volume basis.  One 
ppm equals one unit of measurement per million units of the same measurement.  One 
ppm equals one milligram per liter (mg/L) for volume or one microgram per gram (µg/g) 
or alternatively one milligram per kilogram (mg/Kg) for weight. 



Precision The ability of an instrument to measure a process variable and to repeatedly obtain the 
same result. 



Prospective Risk 
Assessment 



“An evaluation of the future risks of a stressor(s) not yet released into the environment or 
of future conditions resulting from an existing stressor(s).” (USEPA 1998d) 



PRAM Prospective Risk Assessment Model 



Pycnocline The pycnocline are layers of water where the water density changes rapidly with depth. 
http://www.windows.ucar.edu/tour/link=/earth/Water/density.html .  



QA/QC Quality Assurance/Quality Control 



Receiving Waters All distinct bodies of water that receive runoff or wastewater discharges, such as streams, 
rivers, ponds, lakes, estuaries, and oceans.  



Receptor “The ecological entity exposed to the stressor.” (USEPA 1998d) 



Receptor Species A representative species used to evaluate exposure to the stressor for a class of organisms. 



REEFEX The creation of artificial reefs by sinking ex-Navy vessels. 



Risk A measure of the probability that damage to the environment will occur as a result of a 
given hazard. 



Risk Assessment A qualitative or quantitative evaluation of the environmental and/or health risk resulting 
from exposure to a chemical or physical agent (pollutant); combines exposure 
assessment results with toxicity assessment results to estimate risk.  



Risk Characterization Final component of risk assessment that involves integration of the data and analysis 
involved in the exposure assessment and the ecological effects assessment to determine 
the likelihood that ecological impacts have or will occur. 



Risk Management The process for evaluating and selecting responses to risk. 



SCDNR South Carolina Department of Natural Resoucres 



Sediment  Matter which settles to the bottom in oceans, estuaries, rivers, lakes or other waterbodies. 



 xix





http://www.windows.ucar.edu/tour/link=/earth/Water/density.html








 
SINKEX The sinking of ex-Navy vessels as part of weapons testing operations. 



Source “A source is an entity or action that releases to the environment or imposes on the 
environment a chemical, physical, or biological stressor or stressors. Sources may include 
a waste treatment plant, a pesticide application, a logging operation, introduction of exotic 
organisms, or a dredging project.” (USEPA 1998d). 



SSD Species sensitivity distributions are cumulative distribution functions that describe the 
proportion of a class of organisms that are expected to be affected by a given level of 
exposure to a contaminant. 



SSD-SD Space and Naval Warfare Systems Center, San Diego, CA 



Stressor “Stressor. A stressor is any physical, chemical, or biological entity that can induce an 
adverse response. This term is used broadly to encompass entities that cause primary 
effects and those primary effects that can cause secondary (i.e., indirect) effects. Stressors 
may be chemical (e.g., toxics or nutrients), physical (e.g., dams, fishing nets, or suspended 
sediments), or biological (e.g., exotic or genetically engineered organisms)”.  (USEPA 
1998d) 



sumPCB The sum of the measured PCB congeners. 



Superfund Federal law, which authorizes EPA to manage the clean up of abandoned or uncontrolled 
hazardous waste sites.  



TCDD 2,3,7,8-tetrachlorodibenzo-p-dioxin (most toxic from of dioxin) 



TDM Time Dynamic Model 



TEF Dioxin Toxicity Equivalent Factor, TEF expresses the potency of PCB congeners relative 
to TCDD (i.e., TCDD TEF = 1) 



TEQ Toxicity equivalent quotient (TEQ).  The TEQ is calculated by summing the products of 
the concentrations of individual congener [PCBcongener] and their toxicity equivalency 
factor (TEF): TEQ = Σ [PCBcongener]×TEF] 



Threshold  The lowest dose of a chemical at which a specified measurable effect is observed and 
below which it is not observed. 



TL Trophic Level, how high an organism is in the food chain 



Toxic A substance that is poisonous to an organism. 



Toxic Pollutants Materials contaminating the environment that cause death, disease. birth defects in 
organisms that ingest or absorb them.  The quantities and length of exposure necessary to 
cause these effects can vary widely. 



Toxic Substance A chemical or mixture that may represent an unreasonable risk of injury to health or the 
environment.  



Toxicant A harmful substance or agent that may injure an exposed organism.  



Toxicity The quality or degree of being poisonous or harmful to plant, animal or human life. 



Toxicity Assessment Characterization of the toxicological properties and effects of a chemical, including all 
aspects of its absorption, metabolism, excretion and mechanism of action, with special 
emphasis on establishment of dose- response characteristics. 



Toxicology The science and study of poisons control.  



Trophic Transfer The process by which contaminants are accumulated in the food chain. 



TSV Tissue Screening Values are the level of chemical residues in tissues, below which it is 
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unlikely that adverse effects will occur. 



TRV Toxicity Reference Values are point estimates of ecological effects for a given receptor 
(e.g. the dose or exposure level above which ecological effects can occur). 



Turbidity  A measure of water cloudiness caused by suspended solids 



µg  Microgram - one-millionth of a gram (0.000000035 oz.).) 



µg/L Micrograms Per Liter - one microgram of a substance dissolved in each liter of water.  
This unit is equal to parts per billion (ppb) since one liter of water is equal in weight to 
one billion micrograms. 



UWC The upper water column is the water above the pycnocline.  



Uptake  The entrance of a chemical into an organism — such as by breathing, swallowing, or 
absorbing it through the skin — without regard to its subsequent storage, metabolism, and 
excretion by that organism. 



Water Quality 
Criteria 



The concentration of a constituent in water below which is not considered harmful to 
aquatic life 



Zooplankton  Animal life of the plankton. 
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1. Executive Summary 



1.1 Objective and Purpose 



The purpose of this report is to assess the potential ecological risks from polychlorinated 
biphenyl (PCB) exposure associated with sinking the aircraft carrier ex-ORISKANY (CVA-34, 
Figure 1) to create an artificial reef off the coast of Pensacola, FL (Figure 2) within the Escambia 
East Large Area Artificial Reef Site (Figure 3). Sinking the vessel requires a risk-based disposal 
approval under 40 CFR 761.62(c) because the ship contains PCBs in solid materials such as 
electrical cabling, gaskets, rubber products, insulation, and paints that contain concentrations of 
polychlorinated biphenyls (PCBs) ≥ 50 ppm.  



1.2 Technical Approach 



Future risks from sinking the ex-ORISKANY were assessed using a prospective risk 
assessment model (PRAM, NEHC/SSC-SD 2006a) and a time dynamic model (TDM, 
NEHC/SSC-SD 2006b) developed to model the release, transport, fate, and bioaccumulation of 
PCBs leached from solid materials contained onboard the vessel. Using empirical leach rate data, 
developed from laboratory studies of PCB releases from shipboard solids under shallow-water 
artificial reef conditions (George et al. 2006), PRAM simulates the steady state concentrations of 
PCBs in the water and sediment around the reef and the bioaccumulation of PCBs within the 
food chain of the reef (NEHC/SSC-SD 2006a). The TDM simulates the abiotic accumulation 
from the release of PCBs from the ship for a two-year period from the time of sinking until the 
reef is fully developed and near steady-state conditions at the reef are achieved (NEHC/SSC-SD 
2006b). This ecological risk assessment evaluates the results of the models to characterize 
potential toxicological risks from PCBs to ecological receptors that could reside, feed, and/or 
forage at the artificial reef. 



This risk assessment only evaluates potential toxicological effects of exposure to PCBs 
and does not address the presence and physical structure of the artificial reef, which greatly 
influences the ecological processes present at site. 



1.3 Vessel Preparation 



In preparation for use as an underwater reef, the ex-ORISKANY underwent an extensive 
cleanup program in accordance with the draft Best Management Practices for Preparing Vessels 
Intended to Create Artificial Reefs (U.S. EPA and MARAD 2004). Prior to vessel preparation 
the amount of PCBs contained within solid materials onboard the vessel ranged from 377.5 Kg to 
699.6 Kg (832.2 to 1542.3 lbs, average to 95% upper confidence level – UCL, Table 4, Pape 
2004). Following the removal of 100% of the lubricants, 72.6% of the bulkhead insulation, 10% 
of the cabling, and 5% of the paints the total amount of PCBs remaining in solid materials 
onboard the vessel ranged from 327.79 to 608.85 Kg (722.7 to 1342.3 lbs, average to 95% UCL). 
More than 97% of the PCBs remaining on the vessel are associated with electrical cabling.  
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1.4  Exposure Assessment 



The models simulate the fate and transport of PCBs along defined exposure pathways 
from the PCB containing materials onboard the ship to representative organisms that are likely to 
inhabit the artificial reef (Table 2, Figure 11). The model predictions provide estimates of 
exposure point concentrations to assess impacts to survival, growth, and reproduction of 
representative receptors from pelagic, benthic, and reef communities associated with the artificial 
reef (Table 3). The model outputs (Table 2) were concentrations of PCB homologs in water, 
sediment, primary producers (phytoplankton and encrusting algae), primary consumers 
(copepod, bivalve, urchin, polychaete, and nematode), secondary consumers (herring, triggerfish, 
lobster, and crab), and tertiary consumers (jack, grouper, and flounder). Additional exposure 
points were the PCB concentrations in prey for sea birds (cormorant and herring gull), 
loggerhead turtles, bottlenose dolphins, and reef predators (sandbar shark/barracuda, Table 3, 
Figure 11). 



The exposure assessment evaluated exposures from water-borne releases of PCBs in the 
interior of the ship to the lower and upper water column, into bedded sediment and pore water, 
and through the pelagic, benthic, and reef community food chains for both the first two years 
post sinking and the subsequent steady state exposure periods. The exposure assessment showed 
that PCBs accumulated at the highest levels under steady state conditions; the highest 
concentrations were predicted for the upper trophic levels of the reef community (grouper, 
triggerfish, crab, and urchin, Table 9). These species bioaccumulated the highest levels of PCBs 
through contact with water inside the vessel, which was the most important route of exposure to 
organisms on the reef. Compared to background PCBs levels estimated for the northeastern Gulf 
of Mexico, tissue concentrations predicted for the pelagic and benthic community were lower 
than background. Tissue concentrations for grouper, triggerfish, crab, and sea urchin from the 
reef community were within the range of background PCB values for the Gulf of Mexico. 



Model performance was evaluated to assure that the model results were internally 
consistent, that the model predictions conformed to the physiochemical properties being 
modeled, and that results produced by the model were consistent with similar studies reported in 
the literature. While there was uncertainty about the results obtained from PRAM, the analysis 
showed that PRAM provides reasonable and plausible results that can be used to assess risks 
associated with the ex-ORISKANY. 



1.5  Effects Assessment 



The benchmarks selected to evaluate potential effects of PCBs to a broad range of reef-
dwelling organisms included concentrations for water (WB), sediment (SB), and 
tissue residues of fish (TFish) and invertebrates (TInvert). The tissue benchmarks were for the 
bioaccumulation critical value (BCV), tissue-screening value (TSV), critical body residues (CBR) 
corresponding to the no observed effect dose (NOED) and the lowest observed effect dose 
(LOED) for a fish or invertebrate species. Dietary benchmarks (DPREY) were also developed to 
assess dietary exposure from prey for herring gulls, cormorants, dolphins, loggerhead turtles, and 
sharks/barracuda (Table 10). 
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In the last decade, evidence has been mounting that some congeners are more toxic than 
others, especially the dioxin-like coplanar PCBs. The concentrations of these dioxin-like 
coplanar PCB congeners are expressed as the equivalent concentration of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD), the most potent dioxin congener (Van den Berg et al. 
1998), determined from the toxicity equivalent quotient (TEQ). Benchmarks for dietary exposure 
of TEQs to gulls, cormorants, and dolphins were developed to address potential toxicity from 
these compounds. Benchmarks were also developed to evaluate potential effects of TEQ 
exposure to fish eggs and sac-fry larvae, the most sensitive life stages to TEQ exposure. 



1.6 Risk Characterization 



The risk characterization evaluated ecological risks for the first two years post sinking 
using the data obtained from the TDM coupled to PRAM, and for the subsequent years using the 
results of PRAM under steady state conditions. The characterization method used Hazard 
Quotients (HQ), the ratio of predicted concentrations to the appropriate benchmark. Two 
benchmarks were developed for each effect level to define the lower and upper bound of the 
threshold that may cause adverse effects (U.S. EPA 1998c), corresponding to the no effect levels 
and lowest effect levels, or acute and chronic water quality criteria for each applicable exposure 
pathway and assessment endpoint (Table 25).  



1.7 Summary of Findings 



The outputs of the models were used to evaluate PCB exposures to the pelagic, benthic, 
and reef communities as well as dolphins, sea birds, sea turtles, and shark/barracuda that may be 
attracted to feed and forage on the reef (Table 27). The risk characterization showed: 



• Predicted sediment and water concentrations around the reef showed no indication of risk 
during the first two years post sinking or subsequent years. 



• The Total PCB exposure levels predicted by the models showed no indication of risk to 
plants, invertebrates, fishes, sea turtles, and sharks/barracudas that could live, feed, and 
forage on the reef. 



• The no effect threshold for Total PCB was exceeded for dietary exposure to dolphins, 
cormorants, and herring gulls indicating risk, but, because the assessment assumed that 
dolphins, cormorants, and herring gulls would be life-long residents of the reef and would 
obtain 100% of their food requirements from the reef, it is likely that actual exposures 
would be much lower.  



• There was no indication of risk from TEQ exposure to dolphins, sea birds, or fish eggs 
and larvae. 



• Contact with elevated PCB concentrations modeled for the internal vessel water was 
identified as the predominant route of exposure and trophic transfer of PCBs through the 
food web. 
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1.8 Uncertainty 



The major sources of uncertainty were the assumptions and parameters used in the 
models, the applicability and sensitivity of the benchmarks used in the assessment, and 
uncertainty about the sources of PCBs on the vessel. Due to the conservative estimates used in 
this analysis, it is very unlikely that potential risks were under estimated. 



1.9 Conclusions 



The potential ecological risks of sinking the ex-ORISKANY were evaluated using model 
predictions of future PCB exposure levels in the environment surrounding the reef. The model 
predictions were judged to be plausible and reasonably good estimates of what would occur 
given that the other model assumptions and input procedures were also accurate. The ecological 
risk assessment showed that the risks of exposure from PCBs in tissues of organisms associated 
with the reef and in the diet of reef consumers are acceptable. Therefore, it is unlikely that PCBs 
released from sinking the ex-ORISKANY to create an underwater reef will harm the 
environment. 
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2. Introduction  
The purpose of this report is to assess the ecological risks associated with sinking the 



aircraft carrier ex-ORISKANY (CVA-34, Figure 1) to create an artificial reef off the coast of 
Pensacola, FL (Figure 2) within the Escambia East Large Area Artificial Reef Site (Figure 3). 
Sinking the ex-ORISKANY requires a risk-based disposal approval under 40 CFR 761.62(c) 
because the vessel contains PCBs in solid materials such as electrical cabling, gaskets, rubber 
products, and paints that contain concentrations of polychlorinated biphenyls (PCBs) ≥ 50 ppm.1. 
Under the Toxic Substance Control Act (TSCA), the U.S. EPA must make a finding of no 
unreasonable risk of injury to human health and the environment must be made before allowing 
disposal of PCB-contaminated material with concentrations ≥ 50 ppm. The human health 
(NEHC/SSC-SD 2006c) and ecological risk assessments (this document) use the results of a 
prospective risk assessment model (PRAM) developed to model the potential release of PCBs 
from solid materials contained on ex-Navy vessels (Goodrich et al. 2003, Goodrich 2004, 
NEHC/SSC-SD 2005a, b, 2006a, b) to assess the future risk of creating artificial reefs.  



The technical approach and procedures used in this ecological risk assessment are based on the 
findings and recommendations for assessing ecological risks of sunken ships developed by a 
multi-agency REEFEX Technical Working Group. The REEFEX Technical Working Group 
consisted of representatives from the U.S. EPA, the U.S. Navy, the South Carolina Department of 
Natural Resources (SCDNR), Florida Fish and Wildlife Conservation Commission (FFWC), 
Florida Department of Environmental Protection (FDEP), Florida Department of Health (FDOH), 
and Escambia County, FL. Previously, the REEFEX Technical Working Group conducted 
retrospective human health (NEHC 2004) and ecological risk (Johnston et al. 2005a) assessments 
using data from the ex-VERMILLION artificial reef, a former Navy troop-transport ship 
(amphibious cargo ship LKA 107) sunk off the coast of South Carolina in 1987. The U.S. EPA 
Office of Pesticides and Toxic Substances (OPPTS), Office of Research and Development 
(ORD), Region IV, and the Science Advisory Board (SAB) Polychlorinated Biphenyl – Artificial 
Reef Risk Assessment (PCB-ARRA) Consultative Panel (U.S. EPA 2005b, c) reviewed an 



                                                 



1 “(c) Risk-based disposal approval. (1) Any person wishing to sample or dispose of PCB bulk product waste in a 
manner other than prescribed in paragraphs (a) or (b) of this section, or store PCB bulk product waste in a manner 
other than prescribed in Sec. 761.65, must apply in writing to: the EPA Regional Administrator in the Region where 
the sampling, disposal, or storage site is located, for sampling, disposal, or storage occurring in a single EPA 
Region; or the Director of the National Program Chemicals Division, for sampling, disposal, or storage occurring in 
more than one EPA Region. Each application must contain information indicating that, based on technical, 
environmental, or waste-specific characteristics or considerations, the proposed sampling, disposal, or storage 
methods or locations will not pose an unreasonable risk of injury to health or the environment. EPA may request 
other information that it believes necessary to evaluate the application. No person may conduct sampling, disposal, 
or storage activities under this paragraph prior to obtaining written approval by EPA.  (2) EPA will issue a written 
decision on each application for a risk-based sampling, disposal, or storage method for PCB bulk product wastes. 
EPA will approve such an application if it finds that the method will not pose an unreasonable risk of injury to 
health or the environment”. 40 CFR 761.62(c) 
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earlier draft of this report (Johnston et al. 2005b). This final report has been revised to address 
the comments and revisions recommended by the U.S. EPA and SAB reviewers (see Appendix 
A. Responses to Comments on the Draft Final Report). 



2.1 Objectives 



The objective of this ecological risk assessment is to assess the potential toxicological 
risk of PCBs that may be released from the ex-ORISKANY after sinking to create an artificial 
reef. The risk assessment does not address the ecological consequences of creating the reef itself, 
it is focused on characterizing potential toxicological risks of PCBs that may be released from 
the ship.  



This assessment addresses the following risk management question:  



• Is it likely that sinking the ex-ORISKANY, which contains solid materials bearing 
PCBs, will pose an unacceptable risk to the environment?  



2.2 Approach 



This ecological risk assessment uses the output from two models: a prospective risk 
assessment model (PRAM, NEHC/SSC-SD 2005a, 2006a) and a time dynamic model (TDM, 
NEHC/SSC-SD 2005b, 2006b) to simulate the release, fate, transport, and bioaccumulation of 
PCBs leached from solid materials contained onboard the vessel. The model outputs were used 
to characterize potential toxicological risks from PCBs to ecological receptors that could reside, 
feed, and/or forage at the artificial reef. The results and conclusions from the ecological risk 
assessment will be used to support risk management decisions about the potential beneficial 
reuse of ex-ORISKANY as an artificial reef. 



The models use empirical estimates of PCB leach rates, developed from laboratory 
studies of PCB releases from shipboard solids under shallow water artificial reef conditions 
(George et al. 2005, 2006). The empirical leach rate data showed that there was a time varying 
release of PCBs for most of the shipboard solids tested between 0 - 2 yrs of leaching (George et 
al. 2006, Figure 4). The time varying release rates showed an initial “rinsing” or “wetting” 
behavior characterized by highly variable release rates (Region 1), followed by the maximum 
release rate (Region 2), and then, finally, a monotonically decreasing release rate that 
asymptotically approached steady state after about 2 yrs of leaching (Region 3, Figure 4).  



Two time periods were modeled; dynamic conditions 0 – 2 yrs after sinking and steady 
state conditions two years after sinking. PRAM simulates steady state concentrations of PCBs in 
the water and sediment around the reef and the bioaccumulation of PCBs within the fully 
developed food chain of the reef that would occur 2 yrs following sinking with a constant release 
rate of PCBs (NEHC/SSC-SD 2006a). The TDM model simulates changing levels of PCB in 
abiotic media during the 0 – 2 yr dynamic release period. The abiotic concentrations predicted by 
TDM were also input into a version of PRAM modified to accept TDM inputs (TDM/PRAM) to 
simulate the accumulation of PCBs in a progressively developing food chain hypothesized to 
arise during initial colonization of the reef during the first two years after sinking (NEHC/SSC-
SD 2006b). The output from TDM/PRAM and PRAM models provided the exposure point 
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concentrations needed to evaluate ecological risks to the reef community and other ecological 
consumers that may feed and forage on the reef (Table 2).  



The results of the models were evaluated to the extent possible to assure that they 
provided reasonable, albeit conservative, estimates of PCB concentrations in the environment 
following sinking of the ex-ORISKANY (see Appendix B: An Evaluation of the Prospective 
Risk Assessment Model (PRAM Version 1.4c) to Predict the Bioaccumulation of PCBs in the 
Food Chain of a Sunken Ship Artificial Reef). No data are currently available to compare the 
model predictions to field data. Therefore the results and conclusions derived for this ecological 
risk assessment are based on the assumption that the modeled data are valid and representative of 
future conditions expected to occur at the artificial reef. 



2.3 Technical Working Group Studies 



Since 1996, joint Navy and EPA Technical Working Groups have been working together as 
a team to gather data and perform technical analyses to address concerns about the potential release 
of PCBs from ex-Navy ships sunk in deep ocean during weapons testing exercises (SINKEX) and 
from ex-Navy ships sunk in shallow coastal waters to create artificial reefs (REEFEX). A number of 
studies were initiated, performed, and reviewed by working group participants including:  



• A study of the potential human heath risk to active duty crew and shipyard workers 
exposed to solid materials containing PCBs in the performance of repair and 
decommissioning activities (Larcom et al. 1996), which showed that the level of risk 
for occupational health was acceptable.  



• A modeling study on the release and fate of PCBs released from a Navy ship sunk in 
the deep ocean environment (Richter et al. 1994); 



• A database of PCBs in solid materials present on Navy Ships (JJMA 1998, JJMA 
1999). 



• A human health and ecological risk conducted with data collected from the deep 
water SINKEX study of the ex-AGERHOLM (Gauthier et al. 2002, 2006); 



• A detailed literature review of PCB levels measured in the sediments and biota of the 
deep ocean environment (Gauthier et al. 2005) 



• A study conducted by the South Carolina Department of Natural Resources (SCDNR) 
of sunken vessels used to construct artificial reefs along the coast of South Carolina 
(Martore et al. 1998); 



• Leachrate studies conducted to determine the leaching rate of PCBs from shipboard 
materials containing PCBs under shallow water conditions (George et al. 2005, 2006) 
and deep ocean conditions (high pressure and low temperature, George 2001a)  



More recently, the REEFEX Technical Working Group developed information about 
assessing risks from ex-Navy ships sunk to create artificial reefs by conducting retrospective human 
health (NEHC 2004a) and ecological risk (Johnston et al. 2005a) assessments of the ex-
VERMILLION sunk off the coast of South Carolina in 1987.  
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The anticipated benefits of building reefs include enhancing ecological resources by 
increasing the amount of productive hard-bottom habitat, using artificial reefs as marine 
protected and conservation areas, or using artificial reefs to provide alternative reefs for 
recreational fishing and diving so that natural reefs can be protected and conserved (Bell 2001). 
Artificial reefs can also provide economic benefits to local communities by increasing tourism 
and commercial activities associated with fishing and diving on the reef (Jones and Welsford 
1997, Enemark 1999). A study by the Rand Corporation (Hess et al. 2001) concluded that 
shallow water reefing would be the most ecologically responsible and economically feasible 
option for disposing of decommissioned warships. The report estimated that more than $1.5 
Billion of taxpayer dollars would be saved if decommissioned ships could be “reefed” instead of 
“scrapped” (San Diego Oceans Foundation 2002a). In a follow up report, the authors predicted 
that the shallow reef disposal option would generate enough tax revenue to cover the costs of a 
20-year reefing program within 12 years (Hynes et al. 2004).  



Up to 12 ex-Navy warships are being considered for use in creating artificial reefs.2 As of 
December 12, 2005, the Navy’s inventory lists 8 ships under consideration for reefing 
http://peos.crane.navy.mil/reefing/inventory.htm. Various standards and guidelines exist for 
reefing activities (Stone 1985). Canada has developed cleanup guidelines and standards for 
vessel disposal (Environment Canada 2001a, b), and environmentally based best management 
practices for preparing vessels to be sunk as artificial reefs is under development in the United 
States (U.S. EPA and MARAD 2004). By determining the potential ecological and human health 
risks, better decisions can be made to effectively manage the risks associated with creating reefs 
with ex-warships. 



2.4 About this Report 



This report follows the structure recommended by the U.S. EPA Risk Assessment Forum 
(U.S. EPA 1998d). Following the Executive Summary (Section 1) and Introduction (Section 2) 
the Problem Formulation (Section 3) identifies the contaminants of concern (PCBs), integrates 
the available information on environmental conditions, background levels of PCBs, and ship 
preparation procedures, identifies the assessment endpoints and receptor species, and presents 
the conceptual model and exposure pathways to be evaluated in the risk assessment. Section 4 
provides the assessment of exposure conditions expected at the reef, Section 5 presents an 
assessment of potential effects from PCBs and the development of ecological risk benchmarks, 
and Section 6 identifies the risk evaluation criteria and characterizes the potential ecological 
risks based on the exposure and effects data. Section 7 discusses the major sources of uncertainty 
and Section 8 provides a summary of the conclusions and recommendations. Section 9 provides 
the bibliography of references cited in the report and the Tables and Figures are provided at the 
end of the report. The appendices include the responses to comments received from EPA and 
SAB reviewers of the Draft Final Report (Appendix A), an evaluation of PRAM (Version 1.4c) 
to predict the bioaccumulation of PCBs in the food chain (Appendix B), the results of a search of 
the Environmental Residue Effects Database (ERED) for tissue residue effects from PCBs 



                                                 



2 Minutes of the SAB Polychlorinated Biphenyl - Artificial Reef Risk Assessment (PCB-ARRA) Consultative Panel 
Meeting, August 1-2, 2005. http://www.epa.gov/sab/05minutes/pcb_artificial_reef_08_01_05_minutes.pdf 
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(Appendix C), the results of tissue concentrations and hazard quotients (HQs) calculated for 
short-term and long-term ecological risks (Appendix D), and the results of a quantitative 
uncertainty analysis (Appendix E). A glossary of terms, acronyms, and abbreviations is also 
provided.  



This document has been prepared using embedded hypertext meta-language (HTML) so 
that sections of the document, figures, and tables are linked together and can be navigated by 
clicking the mouse. When the document is viewed on a computer connected to the Internet, links 
provided in the document can be activated to access related pages on the world wide web for 
online viewing and/or downloading. 



Photo by Keith Mille (keith.mille@MyFWC.com) 
Florida Fish & Wildlife Conservation Commission 
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3. Problem Formulation 



3.1 Contaminant of Concern 



Banned from manufacturing and distribution since 1978, polychlorinated biphenyls 
(PCBs) are highly bioaccumulative and the U.S. EPA has developed a strategy for protecting 
human health and the environment from exposure to PCBs and other persistent, bioaccumulative, 
and toxic (PBT) pollutants (U.S. EPA 1998a). Used extensively in the manufacturing of 
electrical capacitors, carbon-less copy paper, fire retardants, and other applications that required 
products with high heat resistance, elasticity, and durability, many PCBs have been improperly 
disposed resulting in an almost ubiquitous contamination of the environment. In the early 1990s 
it became clear that PCBs were also in a wide assortment of solid materials that were used 
onboard U.S. Navy ships. These materials included electrical cables, rubber gaskets and hanger 
mounts, seals, insulating materials, foam rubber, and paints. Oils and greases were also found 
with high concentrations of PCBs present. It is impossible to know whether these materials were 
all manufactured with PCBs or if they became contaminated with PCBs during their life cycle or 
both.  



The very properties that made PCBs so desirable for industrial applications are the same 
properties that cause PCBs to be resistant to degradation and to accumulate in the environment. 
PCBs are a mixture of compounds that consist of ten homologue groups (mono- through deca-
biphenyl) and 209 different PCB congeners (See EPA Region V web site for PCB Species 
Identification, Barney 2001). PCBs were originally sold as Aroclor mixtures, or blends of PCB 
congeners manufactured to meet specified percentage levels of chlorination. In PRAM and TMD 
each homolog represents the contribution of all the congeners within that group and the amount 
of Total PCB was obtained as the sum of the individual homolog compounds: 



Total PCB = Σ HOMOCLi [1]
where         HOMOCLi = Concentration of homolog (i)   



i = Number of chlorines attached to the biphenyl 
molecule 



  



The physicochemical properties of PCBs govern their behavior in the environment. Key 
properties include solubility in water, vapor pressure, octanol-water partition coefficient (KOW, 
also referred to as Log P), bioconcentration factor (BCF), and degradation rate. Relative to other 
organic compounds such as aliphatic hydrocarbons, polycyclic aromatic hydrocarbons, and 
nonchlorinated pesticides, PCBs have much lower solubility in water, low vapor pressure 
(semivolatile), higher KOW, very high BCF, and very low degradation rates (MacKay, Shiu, and 
Ma 1992). Because PCBs are very hydrophobic (readily come out of solution), persistent, and 
highly lipophilic (partition into lipids and organic carbon) they readily adsorb onto particles and 
build up in the food chain (bio- and geoaccumulation, Froescheis et al. 2000). The concept of 
fugacity, or the mass transfer of a chemical from one compartment (atmosphere, hydrosphere, 
geosphere, or biosphere) to another as a function of its chemical properties is usually used to 
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model the behavior of PCBs in the environment (McKay, Shiu, and Ma 1992, Connolly et al. 
2000).   



PCBs have been implicated as toxic agents capable of affecting reproduction and 
endocrine function in birds, fish, and mammals (Johnson et al. 2000). Although not necessarily 
toxic at low concentrations, their capacity to accumulate in the environment means that 
organisms at higher trophic levels (higher in the food chain) are more at risk of toxic exposure to 
PCBs (Barnthouse, Glaser, Young, 2003). Recent evidence suggests that some PCBs have 
dioxin-like properties that can lead to carcinogenic effects in mammals including humans (U.S. 
EPA 1996b). 



3.2 Integration of Available Information 



3.2.1 Environmental Conditions 



The proposed location of ex-ORISKANY Memorial Reef is within the Army Corps of 
Engineers permitted Escambia East Large Area Artificial Reef Site (EELAARS) about 22.5 mi 
(19.6 nm, 36.2 km) from Pensacola, FL (Figure 2). The Florida Fish Wildlife Conservation 
Commission (FFWCC) selected this site and based on: 



(1) The exclusion of all active oil and gas lease blocks as requested by the U.S. 
Department of Interior’s Minerals Management Service;  



(2) A request by the U.S. Coast Guard to locate the sites at least two nautical miles away 
from any navigational fairway;  



(3) A Coast Guard requirement to provide for a navigational clearance of at least 50 
feet;  



(4) Florida Department of Environmental Protection (FDEP) requirements to avoid 
known hard/live bottom areas and sea grass beds,  



(5) The shrimping industry’s requirements to avoid historic shrimp trawling areas, and  



(6) The ability to provide reasonable accessibility to the recreational fishing public 
(FFWCC 2004).  



The sink plan (NAVSEA 2005b) states that the ex-ORISKANY (CVA-34) will be sunk 
in approximately 64 m (204 ft) of water within the Army Corps of Engineers permitted Escambia 
East Large Area Artificial Reef Site.  The ocean floor is light brown sandy sediment with no live 
or hard bottom elements and is within the area managed by the FFWCC Artificial Reef 
Program3. 



                                                 



3 Permit files and database records of the Florida Fish and Wildlife Conservation Commission Artificial Reef 
Program, 2590 Executive Circle East, Suite 203H Tallahassee, FL 32301. Provided by Jon W. Dodrill, 
Environmental Administrator, FWC Division of Marine Fisheries.  (email Jon.Dodrill@fwc.state.fl.us. Ph. 
850.922.4340 x 209) 
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There are no commercial fishing/trawling grounds, military restricted/testing areas, 
marine parks, marine reserves, aquatic preserves, and marine sanctuaries within 10 nautical miles 
of the EELAARS. According to the U.S. Department of Interior’s Minerals Management 
Service, there is no known oil or gas submerged transmission crossings within the EELAARS 
and the site is over 2 nautical miles from the charted commercial fairways into Pensacola Bay.  
There is no direct evidence from the literature or through historic knowledge of local charter 
fishermen of the presence of any extensive hard bottom areas within the EELAARS and the only 
submerged grasses in northeastern portion of the Gulf of Mexico are within Escambia Bay, more 
than 23 nautical miles shoreward of the proposed sinking location.  While small areas of isolated 
low relief, ephemeral hard bottom may exist within the EELASS, this type of live bottom is not 
well developed, contains no hard corals and is subject to burial and re-emergence as part of 
natural storm driven cycles (FFWCC 2004). Reef building activity in the EELAARS has been 
conducted by County, state, and federally funded public reef building efforts. These include 
artificial reefs constructed of concrete materials and modules, several steel hulled vessels, a 
decommissioned energy platform, and numerous public, private, and refugia reefs within the area 
(FFWCC 2004). Before sinking the ex-ORISKANY, observations from drop down cameras and 
sediment samples from Ponar grabs will be used to verify the bottom conditions. Extensive 
mapping of bottom topography within the area has revealed no bottom relief indicative of any 
developed reef structure.  Little subsidence of artificial reef materials has been noted on multiple 
dives in the area in recent years in the 24 – 33.5 m (80-110 ft) depth range (FFWCC 2004). 



3.2.2 Physical, Geological, and Biological Environment 



The following information was excerpted from the State of Florida’s letter application to obtain 
the ex-ORISKANY (FFWCC 2003): 



The Gulf of Mexico seafloor off northwest Florida consists of a quartzite sand veneer over a 
limestone substrate and is generally flat with a less than 5% slope to the south (offshore) 
towards De Soto Canyon.  The specific site was chosen for the proposed artificial reef due to 
water depth and lack of presence of natural limestone rock outcroppings. The seafloor within 
this region of the Gulf of Mexico (GoM) was described by McBride et al. (1999) as Perdido 
Shoal, a relict deltaic accumulation of sand, presumably formed during a historic (probably 
Holocene) period of lower sea level. The proposed site for the USS Oriskany Memorial Reef 
is southeast of South Perdido Shoal. The keel of the vessel will rest along a north-south line 
at a depth of 212 ft [64.6 m]. Due to the depth of the deployment location, no sediment depth 
probes have been obtained at the exact site but sediment probes taken in other areas of the 
Escambia East LAARS have indicated sand of varying depths over the limestone shelf. 
Typically, the sand is at least several feet thick. At isolated locations, the overlying sand 
veneer has been removed, forming rock outcroppings that provide natural reef habitat. 
Because the seafloor depth is greater than 200 ft [61 m], no substantial sand transport is 
expected to occur at the proposed artificial reef site. Although we expect the Oriskany to 
settle several feet into the seafloor, the extreme vertical profile of the ship would prevent 
substantial loss of reef habitat by subsidence or burial. Other large artificial reef structures in 
the area have not been negatively impacted by subsidence. As required by the reauthorization 
of the original Corps permit, the minimum navigational clearance will be 55 ft [16.8 m] at 
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Mean Lower Low Water (MLLW) and greater at Mean High Water. The maximum tidal 
range at the proposed site is less than two feet [0.6 m].  



Average monthly and annual wind speed, wave height, and other meteorological and 
oceanographic data in the vicinity of the proposed artificial reef site are measured by 
permanently moored buoys (NOAA NBDC). At buoy #42040 (73.7 mi [64 nm, 118.7 km] 
south of Dauphin Island, AL), average wind speed is less than 10 knots [12 mph, 19 km/h] in 
summer, and less than 15 kn [17 mph, 28 km/h] [during] September – April. Annual average 
wind speed at Pensacola is 7.4 knots [8 mph, 13 km/h] (NOAA, 2003). Wave data from buoy 
#42040 indicate that wave heights average 2-3 ft [0.6-0.91 m] in summer, and 3-4 ft [0.91-
1.22 m] in winter (NOAA NBDC). 



Water currents at the proposed site are generally very mild. Fringes and eddies of the Loop 
Current (easterly in summer, westerly in winter), wind and tidal action are the predominant 
sources of horizontal water movement in the northern Gulf of Mexico. Wind driven currents 
at the site are usually slight (<1/2 kn [0.6 mph, 0.85 km/h]) and dissipate with depth. Tidal 
currents are likewise weakened due to the water depth (>200 ft [> 60.1 m]) and distance from 
estuary outlets (>20 nm [23 mi, 37 km]]). Occasionally, horizontal water movement may 
increase in the area for brief periods (up to several days), possibly caused by eddies from the 
Loop Current  (Gore, 1992). 



The Pensacola area experiences irregularly occurring large-scale weather events such as 
tropical storms and hurricanes, typically occurring from July through October. However, 
based on the depth of water in which the vessel is proposed to be placed, hydrodynamic 
forces acting on the sunken vessel are anticipated to be reduced compared to placement at 
shallower depths during hurricane events. Based on a site-specific stability analysis (Paul Lin 
Associates Stability Analysis Software; Factor of Safety = 1.25), the maximum wave heights 
modeled to occur during a 50-year storm event in the vicinity of the proposed sinking site are 
25.9 feet [7.9 m] with a period of 10.2 seconds (Corps of Engineers Wave Hindcast data). 
The site-specific stability analyses for both a broadside and head-on scenario indicate that the 
ship will remain stable during a 50-year storm event. Therefore, orientation of the ship is not 
a critical issue for reef stability. This level of stability exceeds that specified by the FWC 
Administrative Rule 68E-9.004(4), F.A.C., which only requires demonstrated stability for a 
20-year storm event.  The model stability calculations are extremely conservative.  The 
model applies a 1.25 safety factor to all calculations.  In addition, the model does not account 
for the suction forces applied to the reef resulting from it settling into the substrate, which for 
a vessel of this size, will add significant additional resistance to rolling and sliding.  Also, 
uplift wave forces acting on the flight deck are a major factor in vessel stability.  Calculations 
utilize the maximum beam for the vessel, while the flight deck actually narrows as one 
moves towards the bow and stern from the angled deck.   



Miami-Dade County Department of Environmental Resource Protection (DERM) conducted 
two independent additional stability analyses for the Oriskany for 190 [57.9] and 215 feet 
[65.5 m] depths off Southeast Florida. One stability analysis utilized the same FWC state 
model stability analysis software utilized for the proposed Oriskany Escambia LAARS 
sinking location. The second model, the Miami-Dade DERM model was a more refined 
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version of the state model. Both models evaluated the stability of the Oriskany in 20, 50 and 
100-year storm return intervals.  The DERM model results, based on a 24.19 ft [7.4 m] wave 
height with 9 sec wave interval, determined the Oriskany would be stable at both 215 feet 
[65.5 m] and 190 feet [57.9 m] if oriented broadside during a 50-year storm event.  As with 
the State model, the reef was shown to be stable during a 100-year storm event if oriented 
bow into the anticipated general direction of the storm generated waves. The model also 
indicated resistance to overturning in a 100-year storm event, and resistance to sliding in a 
50-year storm event in Southeast Atlantic waters. Based on similar wave criteria, these 
results are expected to apply to the Escambia East LAARS. 



A study was performed on artificial reefs in an Escambia County artificial reef site after 
hurricanes Erin and Opal (Turpin and Bortone, 2002). Water depths in the study area were 
much less than at the proposed USS Oriskany Memorial Reef site (85 ft vs. 212 ft [25.9 vs 
64.6 m]). 



Although small, low-density artificial reef materials (e.g., steel frame shipping boxes and 
automobile bodies) were displaced by wave hydrodynamic forces, none of the steel barges 
and tugboats were displaced by Hurricane Opal (Saffir/Simpson Category IV). (Note: 
Hurricane Opal diminished in strength to a Category III by landfall, however, seas generated 
by the storm’s Category IV winds impacted the artificial reef site). –  Excerpted from 
FFWCC (2003). 



3.2.3 Federally Listed Species and Critical Habitat 
The following are the federally listed species that may be present within the Gulf of 



Mexico:  
Federally Listed Species4: 
Listed Species  Scientific Name  Status  Date Listed 
Blue whale   Balaenoptera musculus Endangered Dec. 2, 1970 
Finback whale   Balaenoptera physalus Endangered Dec. 2, 1970 
Humpback whale  Megaptera novaengliae Endangered Dec. 2, 1970 
Sei whale   Balaenoptera borealis  Endangered Dec. 2, 1970 
Sperm whale   Physeter macrocephalus Endangered  Dec. 2, 1970 
Green sea turtle  Chelonia mydas  Threatened July 28, 1978 
Hawksbill sea turtle  Eretmochelys imbricate Endangered June 2, 1970 
Kemp’s ridley sea turtle Lepidochelys kempii  Endangered Dec. 2, 1970 
Leatherback sea turtle  Dermochelys coriacea Endangered June 2, 1970 
Loggerhead sea turtle  Caretta caretta  Threatened July 28, 1978 
Gulf sturgeon   Acipenser oxyrinchus desotoi Threatened Sept. 30, 1991 
Smalltoothed sawfish  Pristis pectinata  Endangered Apr. 1, 2003 



                                                 



4Endangered and Threatened Species and Critical Habitats under the Jurisdiction of NOAA Fisheries.  
http://sero.nmfs.noaa.gov/pr/pdf/Gulf%20of%20Mexico.pdf.  March 8, 2004.  
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The Offshore Environmental Assessment (OEA) prepared for sinking the ex-
ORISKANY determined the following (NAVSEA 2005a): 



The biological resources in the vicinity of the site are characterized by habitats typical of 
many locations with sandy substrates in the northeastern Gulf of Mexico region. The area 
includes minimal coverage with live bottom habitats including soft corals and other reef 
species that may be present on limestone outcroppings that cover approximately three percent 
of the sea floor. However, FWCC has identified that the closest hard/live bottom outcropping 
is approximately 3,600 ft [1097.3 m] from the proposed site. 



Fish Species: Spanish mackerel, red drum, jack crevelle, bonito, tarpon, speckled trout, red 
snapper, cobia, shark, black drum, sheephead, and flounder occur offshore of Florida and are 
important for fishing in the vicinity of the site. The most commercially and recreationally 
important fish species in the vicinity is the red snapper according to the FWCC. Shrimp and 
menhaden are also commercially important in the vicinity. The LAARS area currently has 24 
manmade artificial reef locations that provide hard substrate materials for reef dwelling fish 
species. However, the closest artificial reef location is more than 1.5 nm [1.7 mi, 2.7 km] 
from the proposed site. Protected habitats: Based on review of sources information available 
from NOAA and the OPIS Mapping Tool, no protected areas or critical habitat areas are 
listed as Marine Protected Areas in the eastern Gulf of Mexico region that includes the 
proposed site. 



FWCC and ECMRD indicated that live bottom benthic habitats in the vicinity of the 
proposed site could include the presence of soft corals, non-reef building stony corals, sea 
fans, sea whips, and sponges. Outcroppings do not include tropical hard coral areas and are 
ephemeral in nature based on shifting sediments during storm events. Live bottoms attract 
other species such as sea turtles and mammals. The closest limestone outcropping was 
identified 3,600 ft from the proposed site. 



In the offshore waters of the northern Gulf of Mexico, up to 29 marine mammal species may 
occur, including seven mysticetes, 21 odontocetes, and one exotic pinniped. This listing is 
based on an extensive review of sightings and stranding reports for the Gulf of Mexico 
(Jefferson and Schiro, 1997). The sperm whale is the only endangered cetacean likely to 
occur in the vicinity in the site. There is a resident population of sperm whales in the northern 
Gulf of Mexico.  



Five species of sea turtles may occur in the vicinity of the proposed site location. All are 
protected under the Endangered Species Act (ESA). The hawksbill sea turtle (Eretmochelys 
imbricato), Kemp’s Ridley sea turtle (Lepidochelys kempii), and leatherback sea turtle 
(Dermochelys coriacea) are endangered species. The loggerhead sea turtle (Caretta caretta) 
is a threatened species. The Atlantic green sea turtle (Chelonia mydas) is threatened, except 
for the Florida breeding population, which is endangered. 



 – Excerpted from NAVSEA (2004, pp 3-2 to 3-3). 
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3.2.4 Background Levels of PCBs 



Ubiquitous contamination of PCBs is present in virtually every environment (Tilbury et 
al. 2002, Froescheis et al. 2002, Looser et al. 2002, Johnson et al. 2000). Concentrations of PCBs 
in ecological systems that vary greatly across large regions have been reported from the Great 
Lakes (Jackson et. al 2001), Hudson River and New York Bight (Barnthouse et al 2003), to 
California (Froescheis et al. 2000) and the Pacific Northwest (West et al. 2001). An explicit 
definition of background and reference data developed before the assessment can help provide a 
context for interpreting the results of risk investigations (Judd et al. 2003). Background 
concentrations of PCBs are PCBs that are present in the environment due to processes, sources, 
and human activities that are not related to releases that will occur at the proposed artificial reef 
site (CNO 2004, BMI et al. 2003). 



An important source of background data available for the assessment is data reported as 
part of the U.S. EPA’s Environmental Monitoring and Assessment Program (EMAP) national 
monitoring program. One of the more advanced monitoring programs is the coastal and estuarine 
monitoring program. Data available from these studies can provide information that can be used 
to evaluate contaminant trends in biota and develop an overall assessment of the environmental 
conditions in the various regions of the US (Figure 5). Although EMAP is focused on coastal 
areas and estuaries, which can have relatively high levels of pollutants, the sample program also 
included many pristine and unimpacted locations as well (Hyland et al. 1998). 



Regional background data were evaluated to assess the current levels of PCBs in marine 
biota within coastal areas of the Gulf of Mexico and SE US. EMAP data available for the 
Louisianan and Carolinian Provinces through the EMAP website (Figure 5) were used to 
evaluate trends in PCB contamination levels in coastal fishes (Atlantic croaker — Micropogonias 
undulates, spot — Leiostomus xanthurus). In addition, some data were also available from the 
Florida Fish and Wildlife Research Institute (FFWRI 2004) Inshore Marine Monitoring and 
Assessment Program (IMAP) for 3 fish samples (spot, sea trout, and sea robin) collected from 
coastal areas near Pensacola, FL.  



In the EMAP and IMAP programs 18 PCB congeners were quantified in the tissue and 
sediment samples (Wade et al. 1993). Total PCB was calculated as (T.L Wade, Geochemical and 
Environmental Research Group, Texas A&M University, personal communication5):  



Total PCB = 2.19 × sumPCB + 2.19  [2]
where sumPCB = the sum of the measured congeners (ng/g dry weight)   



The Total PCB concentrations measured in Atlantic croaker from the Louisianan 
Province averaged 0.01 mg/Kg wet weight (range 0.001 – 0.217) and the concentrations of PCBs 
measured in Atlantic croaker from Floridian waters averaged 0.009 mg/Kg wet weight range 
(0.001 – 0.071) (Table 1). In general, similar levels of PCBs were measured in fish sampled from 



                                                 



5 The equation for total PCB (tPCB = 2.19sumPCB + 2.19) was obtained by NOAA’s Status and Trends Program 
from a regression of empirical data from samples that were analyzed for both individual congeners (sumPCB) and 
total aroclors (tPCB) (NOAA 1991). 
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the SE U.S. with the highest levels being reported from Texas, Louisiana, Florida, and the 
Carolinian Province (Figure 6).  



3.2.5 Ship Preparation  



Commissioned in 1950, the U.S.S. ORISKANY (CVA 34), an 888-ft (270.7 m) aircraft 
carrier, served during the Korean and Vietnam Wars. She was decommissioned in 1976 (DON 
2001). In preparation for use as an underwater reef the ex-ORISKANY underwent an extensive 
cleanup and preparation program in accordance with the draft Best Management Practices for 
Preparing Vessels Intended to Create Artificial Reefs (U.S. EPA and MARAD 2004). Vessel 
preparation involved removal of fuels, oils, loose asbestos containing material, capacitors, 
transformers or other liquid polychlorinated biphenyl (PCB) components, batteries, HALON, 
mercury, antifreeze, coolants, fire extinguishing agents, black and gray water, and chromated 
ballast water (NAVSEA 2005a, Figure 7). Due to the presence of PCBs found in the wooden 
flight deck and underlayment, much of flight deck and underlayment was removed and disposed 
of (Figure 8). Before vessel preparation the amount of PCBs contained within solid materials 
onboard the vessel were estimated to range from 377.5 Kg to 699.6 Kg (832.2 to 1542.3 lbs, 
average to 95% upper confidence level – UCL, Table 4, Pape 2004). Following the removal of 
100% of the lubricants, 72.6% of the bulkhead insulation, 10% of the cabling, and 5% of the 
paints the total amount of PCBs remaining in solid materials onboard the vessel ranged from 
327.79 to 608.85 Kg (722.7 to 1342.3 lbs, average to 95% UCL, Figure 9). More than 97% of the 
PCBs remaining on the vessel are associated with electrical cabling.  



The leach rates obtained from the leachrate study (George et al. 2005a,b, 2006) were used to 
model the release of PCBs from the solid materials. The time-varying release rates over the first 
two years following sinking were used in the TDM model (NEHC/SSC-SD 2006b). The steady 
state release rate was simulated in PRAM using the upper bound estimate of the release rate at 
two-years if the homolog data indicated a statistically significant regression between time and 
release rate, otherwise the maximum observed leach rate was used (NEHC/SSC-SD 2006a). The 
fraction of PCBs in the materials on the ex-ORISKANY were estimated using a detailed 
statistical analysis of the data reported in Pape (2004) to derive an estimate of the 95% UCL of 
the source material (see Section 3.2, Table 10, and Figure 11 of NEHC/SSC-SD 2005a). The 
loading rate was obtained by multiplying the grams of PCB contained within each solid by the 
solid-specific leach rate observed for each homolog, and by summing, the amount of total PCBs 
released in ng PCB per day (Table 5, NEHC/SSC-SD 2005a, b). Because the leach rates 
measured for homologs in bulkhead insulation were much higher than the other materials, the 
bulkhead insulation will leach proportionally more PCBs than the other materials. In fact, vessel 
cleanup significantly reduced the amount of PCBs that could be released by removing the 
majority of bulkhead insulation present on the ship (Figure 9). The electrical cabling which 
accounts for the vast majority of PCBs present have a very low leach rate, so electrical cabling 
only contributes about 10% of the PCBs expected to be released at steady state.  
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3.3 Assessment Endpoints and Receptor Species  



An assessment endpoint is “an explicit expression of the environmental value to be 
protected, operationally defined as an ecological entity and its attributes” (U.S. EPA 1998d). The 
assessment endpoints are valued ecological entities that are the focus of risk-management actions 
(U.S. EPA 2004a). Assessment endpoints usually cannot be directly quantified (Suter 1993, U.S. 
EPA 1992). Instead, data on exposure levels and information that relates the exposure to known 
effect levels are needed to perform the risk assessment (U.S. EPA 1998d, 2004a). For the 
ecological system under consideration, primary exposure to PCBs and indirect exposure through 
bioaccumulation of PCBs in the food chain can occur to the pelagic, benthic, and reef 
communities and as well as other ecological consumers that could be attracted to the abundance 
of food at the reef.  



The assessment endpoints defined for this risk assessment are the growth, survival and 
fecundity of marine organisms that make up the pelagic, benthic, and reef communities of the 
reef as well as growth, survival, and fecundity of reef consumers such as dolphins, birds, sea 
turtles, and sharks that may be attracted to feed and forage on the abundance of food at the reef 
(Table 3). The risk hypothesis to be evaluated is: 



• Will PCBs that are expected to leach from the ex-ORISKANY cause adverse 
toxicological effects to ecological receptors that could reside, feed, and/or forage at 
the artificial reef through water, sediment, and food chain exposure pathways? 



Receptor species, or representative species of a class of organisms, were selected to 
assess PCB exposure to the species that comprise the reef community (Table 3). The receptor 
species used in this risk assessment were selected to represent species found at the reef as well 
as other predators such as sharks, barracuda, sea turtles, sea birds, and dolphins that may be 
attracted to feed on the abundance of food present at the reef. Based on the exposure and effects 
data that were available or could be inferred, the receptor species were assumed to be sensitive to 
PCB exposure. Because this risk assessment was concerned with evaluating toxicological risks 
associated with exposure to PCBs (especially PCBs migrating through the food chain), the 
primary ecological effects to the assessment endpoints evaluated were survival, reproduction, 
and individual growth and development. Evaluating ecological effects to other valued ecological 
entities, such as species diversity, primary productivity, or aquatic populations was possible only 
to the extent that the benchmarks (see Section 5.1) were also protective of those attributes. This 
risk assessment only evaluates the potential effects of contaminant exposure and does not 
address the presence and physical structure of the artificial reef, which greatly influences the 
ecological processes present at site. 



3.3.1 Ecological Communities 



The ecological communities associated with the artificial reef are the pelagic community, 
the benthic community, and the reef community. The pelagic community is composed of open 
water and mid-water species that could be attracted to the reef but spend most of their life in the 
water around the reef. The benthic community includes demersal fish and invertebrates that are 
closely associated with the bottom sediments around the reef. The ecological community 
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associated with the reef includes the organisms that live on and within the reef itself. Many reef 
organisms spend most of their life on the reef, others may migrate over vast distances between 
reefs, and others may be larval or juvenile life stages of bottom dwelling organisms that will 
eventually settle out of the water column onto the reef before reaching maturity. The 
communities that develop on the ex-ORISKANY will probably be similar to natural assemblages 
that are present on natural reef structures (Weaver et al. 2002, Perkol-Finkel et al. 2005) and 
other artificial reefs (Patterson and Dance 2005) and oil platforms (MMS 2002) found within the 
northern Gulf of Mexico. Exposure to the reef community occurs from water-borne contaminants 
and/or contaminated sediment, which may accumulate on the reef, and to contaminants that 
accumulate in the food chain (Figure 10). Based on the life history and feeding behavior of 
different classes of reef organisms, there will be different exposure scenarios for the pelagic, 
benthic, and reef communities associated with the reef.  



The ship will be sunk in the western Florida estuarine-influenced area of the warm-
temperate Gulf of Mexico (Yanex-Arancibia and Day 2005). This hydrogeographic area is 
influenced by surface and groundwater discharges from the rivers of western Florida and the 
panhandle extending to Alabama and Mississippi. The western Florida shelf is a broad shallow 
area primarily consisting of carbonate sediments that accumulated from the deposition of 
microscopic skeletons and tests over millions of years (Texas A&M 1983). The biological 
organisms present are influenced by the transport of tropical species north from the Caribbean 
Sea by an anticyclonic loop current that enters the Gulf of Mexico through the Yucatan Channel 
and exits through the Straights of Florida (Texas A&M 1983). While the western Florida shelf 
off Pensacola is too far north and therefore too cool to support the growth of corals, many 
tropical species are well represented within the region (Texas A&M 1983, Weaver et al. 2002, 
Patterson and Dance 2005, Wilson et al. 2002). Studies of the continental margin along the Mississippi 
and Alabama coast (Brooks and Giammona 1998) revealed diverse habitats including sandy soft 
bottom, wave field ridges, patchy hard bottom, boulder fields, hard bottom areas, and low 
(depressions), moderate (< 15 m relief), and high (> 15 m relief, including oil platforms) 
topographic features.  



The community structure and trophic ecology of fishes on natural pinnacle reefs located 
in the northeastern Gulf of Mexico at 60 –110 m depth about 50 miles off the coast of Florida 
and Alabama, has been the subject of detailed study since 1998 (Weaver et al. 2002). The study 
has documented 159 species of fish associated with the pinnacles reef including 88 species of 
obligate reef fishes (fish that need the reef structure to survive) and 32 species of facultative reef-
associated fishes, which inhabited the reef top, reef crest, reef face/slope, reef base, talus zone, 
and soft bottom habitats (biotopes) present at the reef (Weaver et al. 2002). Interestingly, Weaver 
et al. (2002) reported that various species of Anthias (small bass-like planktivorous fishes) were 
numerically dominate at the reef and may provide an important route of energy transfer from the 
pelagic to deep reef fish community by their foraging in the water column and being preyed on 
by reef-dwelling fishes. The numerical dominance of medium to small planktivorous reef fish 
may be due to the removal of larger piscivores by increased fishing pressure in northern Gulf of 
Mexico in recent years (Weaver et al. 2002). A quantitative food web constructed from the 
analysis of gut contents showed the relative importance of food energy obtained from reef and 
"subsidized" from prey obtained from surrounding benthic and pelagic habitats (Weaver et al. 
2002).  
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3.3.1.1 Primary Producers  



Assuming light can penetrate to the depth of the reef, phytoplankton, benthic diatoms, 
encrusting algae, and other marine plants will be present on the reef. The phytoplankton that will 
be present in the euphotic zone of the water column around and over the reef and encrusting 
algae growing on the reef form the basis of the reef food chain. The primary producers can be 
exposed to contaminants in the water column and to contaminants that may come into contact 
with roots and holdfasts of marine macro flora, if present. Exposure can also occur through direct 
contact if the plants come into direct contact with the materials containing PCBs. Water column 
benchmarks are based on water quality criteria, which have been developed to be protective of 
aquatic species including phytoplankton and encrusting algae. Receptor species used to evaluate 
exposure to primary producers were phytoplankton (diatoms) and encrusting algae (Rhodophyta 
– red algae). Contaminant concentrations estimated for water column exposures were used to 
assess ecological risk to primary producers of the reef (i.e. water column benchmarks are 
protective of both plants and animals). 



3.3.1.2 Primary Consumers 



Primary consumers on the reef include zooplankton, epifauna, infauna, and grazing fish. 
Zooplankton, the tiny crustaceans, mollusks, and other larval vertebrates and invertebrates that 
feed on phytoplankton and detritus are a key link in the reef food chain. Primary consumers also 
include other water column grazers such as pelagic and midwater bait fishes that feed primarily 
on phytoplankton. Zooplankton and other grazers can be exposed to contaminants in the water 
column, suspended sediments, and bedded sediments. The reef community includes a wide 
diversity of benthic and epibenthic invertebrates that live on, below, and above the reef. If 
sedimentary deposits are present, benthic invertebrates that live by burrowing and feeding in the 
sediment and foraging along the bottom will colonize the sediment. Benthic organisms are 
directly exposed to any contaminants that become attached to particles and are deposited in the 
sediment. Epibenthic invertebrates live on the surface of the bottom and on rocks, ledges, and 
artificial substrates sitting on the bottom. Many epibenthic invertebrates are sessile organisms, 
which are attached to hard surfaces for the majority of their life span. Epibenthic organisms are 
exposed to contaminants present in the water column, contaminants present on the surface of the 
substrates to which they are attached, and contaminants accumulating in the food chain. The 
primary consumers will also accumulate contaminants present in their food. Receptor species 
selected to evaluate exposure to primary consumers were copepods (Calanus spp.) for the 
pelagic community, polychaetes and nematodes (worms) for the benthic community, and 
bivalves (mussel) and sea urchins (Arbacia punctulata) for the reef community.  



3.3.1.3 Secondary Consumers 



Secondary consumers include the many carnivorous fish and invertebrates that will 
inhabit the reef. These include pelagic and midwater fishes, benthic and demersal fishes, as well 
as the reef-associated fishes such as grunt, snapper, sea bass, toadfish, lobster, and crabs that live 
on or near the bottom and are closely associated with the reef. Secondary consumers also include 
organisms such as pelagic fishes that may be attracted to the reef to forage on the primary 
consumers present on the reef. Secondary consumers are exposed to contaminants present in the 
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water column, associated with the sediment, and concentrated in prey they consume from the 
reef. The receptor species selected to evaluate exposure to secondary consumers were 
planktivorous fish (herring6) for the pelagic community, lobster (spiny lobster, Panulirus spp.) 
for the benthic community, and triggerfish (gray trigger fish, Balistes capriscus) and crab (stone 
crab, Menippe spp.) for the reef community.  



3.3.1.4 Tertiary Consumers 



Tertiary consumers are the reef-resident carnivorous fish and invertebrates that primarily 
feed on the secondary consumers present on the reef. The tertiary consumers are high on the reef 
food chain; they are exposed to contaminants in the water and the sediment as well as 
contaminants that may be accumulating in the food chain. The longer-lived, tertiary consumers 
include jacks, groupers, eels, flounders and octopi. The receptor species selected to evaluate 
exposure to tertiary consumers were jack (amberjack, Seriola spp) for the pelagic community, 
grouper (Family Serranidae, sea basses and grouper, Mycteroperca microlepis) for the reef 
community, and flounder (gulf flounder, Paralichthys albigutta) for the benthic community. 



3.3.2 Avian Consumers  



Sea birds may also be attracted by the abundance of food to feed and forage on the reef. 
While most avian predators would consume primary consumers (pelagic and bait fishes) some 
avian predators may consume secondary consumers such as demersal fish, midwater fish, and 
some invertebrates. Avian predators are exposed to contaminants in the food chain, and they may 
be exposed to water-borne contaminants while foraging. The receptor species for avian piscivore 
was the double-crested cormorant (Phalacrocorax auritus) and the receptor species for avian 
omnivore was the herring gull (Larus argentatus). Herring gulls are opportunistic feeders and 
will consume virtually any available food (U.S. EPA 1995) while double-crested cormorants 
feed almost exclusively on fish (Environment Canada 2004c). Even though the artificial reef will 
be located about 22.5 mi (19.6 nm, 36.2 km) offshore, it is expected that sea birds are likely to 
visit the reef at least occasionally. The Ocean Biogeographic Information System - Spatial 
Ecological Analysis of Megavertebrate Populations web mapping system provided by Duke 
University reports a few sightings of double-crested cormorants and many sightings of herring 
gulls offshore in the Northwestern Gulf of Mexico (Read et al. 2003). 



3.3.3 Sea Turtles  



Other reef consumers such as loggerhead sea turtles (Caretta caretta) may frequent reef 
habitats to take advantage of the relative abundance of food. Listed as a threatened species in U.S 
waters and an endangered species worldwide, loggerheads feed on a wide variety of invertebrates 
by using their powerful jaws to crush the shells of molluscs, barnacles, and crabs (Bolten and 
Witherington 2003, Turtle Trax 2004). Mature loggerhead sea turtles (Caretta caretta) weigh 



                                                 



6 Although Atlantic Herring are not endemic to the Gulf of Mexico, they are very similar to other herring-like fish 
(Family Clupeidae) including sardines and menhaden that are abundant in the northern Gulf of Mexico. Data for 
herring were used to estimate the parameters for the Trophic Level III planktivore in the PRAM model. 
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about 113 kg (Bolten and Witherington 2003, Turtle Trax 2004) and can consume about 3% of 
their body weight per feeding (Seaworld, Ask Shamu, personal communication). Captive 
loggerhead turtles generally feed about three times a week, but some loggerheads (especially 
rescued animals) feed every day (Seaworld, Ask Shamu, personal communication). Assuming 
that loggerheads in the wild will feed about five times a week (especially if food is plentiful at a 
reef), the daily intake rate was estimated as 2421 g/day. 



3.3.4 Dolphins  



Some marine mammals that may frequent reef habitats include dolphins, porpoises, and 
possibly toothed whales (odontocetes). Since whales migrate over vast distances of the ocean and 
most porpoises are wide ranging pelagic species, it is not very likely that these species would be 
commonly found in the reef areas. The worst-case exposure to a marine mammal would be from 
dolphins that could be attracted to the reef area by the abundance of food. Marine mammals 
(dolphin) can consume demersal fish and free-living invertebrates and incur incidental exposure 
to water- and sediment-borne contaminants. Depending on the availability of food, bottlenose 
dolphins (Tursiops truncatus) will eat a wide variety of food including tarpon, sailfish, sharks, 
speckled trout, pike, rays, mullet, and catfish. They are also known to eat anchovies, menhaden, 
minnows, shrimp, eel and other free-swimming invertebrates. The average dolphin will consume 
18-36 kg of fish each day (Davis and Schmidl 1997). The most common feeding behaviors is 
foraging; bottlenose dolphins are also known to chase prey into very shallow water where they 
can capture the trapped fish by lunging onto mud banks and shoals (Davis and Schmidl 1997). 
Adult bottlenose dolphins average 2.5-3 m (8-10 ft.) and weigh between 136-295 kg (300-650 
lb.), with males being slightly larger than females (Seaworld 2000). 



3.3.5 Shark/Barracuda  



The top predators on the reef are sharks and barracudas that would be drawn to the 
abundance of food at the reef. Long-lived and carnivorous, sharks only consume about 1-10% 
percent of their total body weight per week (Seaworld 2004b, Pauley 1989). Sharks don’t require 
as much energy as birds and mammals because they are cold-blooded and very efficient 
swimmers (Seaworld 2004b). A common large, up to 2.4 m (7.5 ft.), coastal shark in the waters 
of Southeastern US is the sandbar shark (Carcharhinus plumbeus). In the Florida east coast shark 
fishery between 1938 and 1950 sandbar sharks constituted about 50,000 of the 100,000 coastal 
sharks caught commercially (Jon Dodrill, Florida Fish and Wildlife, personal communication). A 
reef-associated predator, sandbar sharks feed primarily on boney fishes (>95%) but they will also 
consume other elasmobranches, cephalopods, and shrimps (Fishbase 2004a). Growing up to 45-
90 kg (100 – 200 lbs) in weight (Knickle 2004), sandbar sharks occupy the upper trophic level of 
the reef food chain (Trophic Level 4.1 to 4.5, Fishbase 2004a).  



Another reef-associated top-level predator frequently observed foraging on artificial reefs 
is the great barracuda (Sphyraena barracuda) (Robert Turpin, Escambia County, FL, Marine 
Resources Division, personal communication). Smaller, 2 m (6.6 ft) total length and maximum 
weight 50.0 kg (110 lbs, Fishbase 2004b) but faster swimmers than sharks, barracuda probably 
require more energy needs (per unit body weight) than sharks. With their large mouths and very 
sharp teeth, barracuda feed on jacks, grunts, groupers, snappers, small tunas, mullets, killifishes, 
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herrings, and anchovies, sometimes by chopping large fishes in half (FMNH 2004). An 
opportunistic predator, great barracuda feed throughout the water column and are located at a 
Trophic Level of 4.5 (Fishbase 2004b). 



3.4 Conceptual Model and Exposure Pathways  



The potential exposure pathways and assessment endpoints evaluated are shown in 
Figure 10. Contaminants can enter the system from releases from the sunken vessel. Because the 
sunken vessel is not isolated from coastal contamination sources, contamination at the sunken 
ship reef could come from other sources besides the sunken vessel itself. While other sources of 
contamination may be important in future monitoring of the site, this pathway was not evaluated 
in the risk assessment for the ex-ORISKANY.  



Releases of PCBs were modeled by applying the empirical leachrates (George et al. 
2006) to the types of PCB-bearing materials present onboard the ship (Pape 2004) to obtain the 
emission rate of PCBs (NEHC/SSC-SD 2006a, b) that were then mixed into the interior vessel 
water (IVW). The interior of the vessel is the interior compartments of ship (Figure 8), the spaces 
separated from the lower water column by bulkheads, passageways, and hatches. The exterior of 
the ship is any area that is in direct contact with ocean currents. The exterior of the sunken ship is 
made up of numerous nooks and crannies on the sunken vessel (hanger deck, gangways, 
catwalks, etc.) that would be readily colonized by marine organisms. These are the primary 
surfaces that will be used as substrate by colonizing reef organisms where they will be exposed 
to PCB concentrations in the lower water column. 



The sinking plan for the ex-ORISKANY (NAVSEA 2005b) stipulates that no holes will 
be cut in the sides of the vessel. Scuttling the ship will entail opening, with preset charges, 22 
valves and pipes in the bottom of the keel in a way that will evenly and smoothly fill the vessel 
with water. Numerous holes cut through the interior decks will allow air to escape and water to 
fill from the bottom of ship, so that the ex-ORISKANY will sink upright on the bottom, with her 
bow facing parallel to the prevailing current and expected direction of hurricane induced swells. 
These procedures will limit the exchange of water between the interior and exterior of the vessel. 
While it is still possible for organisms to reach the interior spaces of the ship, it is not expected 
that these spaces would provide very beneficial habitat owing to their isolation and lack of 
available food (Robert Turpin, Escambia County Marine Resources Division, personal 
communication). However, the REEFEX working group identified potential exposure to IVW as 
an important pathway, because many reef species could come into contact with IVW while 
feeding, foraging, or escaping predators. Therefore, PRAM was modified to simulate interior 
water exposure to primary and secondary consumers (Figure 10, Figure 11, NEHC/SSC-SD 
2005a, 2006a).  



Another potential pathway is direct contact by marine organisms to the PCB-bearing 
materials onboard the ship. Encrusting organisms or other epibenthic organisms could come into 
direct contact with PCBs held within the solid matrices of the materials. Direct exposure was 
assumed to be a relatively minor exposure pathway compared to aqueous-phase releases of PCBs 
and no attempt was made to model bioaccumulation from direct exposure in PRAM. The risk 
assessment assumes direct exposure is a minor pathway because: 
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• Surfaces containing PCBs are limited 



• Materials containing PCBs are mostly located in the interior of the vessel where they 
will not be easily colonized by epibenthic organisms 



• Encrusting organisms will tend to isolate any exposed surface containing PCBs  



On the ex-ORISKANY the vast majority of PCB-containing materials will be in electrical 
cable (97.6% of the PCBs by mass, see Table 4). The PCBs are contained within the insulation of 
the cable, which is found inside the outer braided-metal shielding. The electrical cable and other 
PCB-containing materials – bulkhead insulation (0.94%), black rubber (0.06%), and ventilation 
gaskets (0.01%) – would most likely be located within the interior of ship where they would not 
be easily colonized by epibenthic organisms that need a constant source of food from the outside 
of the vessel. Additionally, almost all exposed surfaces on the ship were painted many times 
during the life of vessel, further isolating the solid matrices containing PCBs from direct contact 
with encrusting organisms. Yet, there is a small portion of the PCBs that are associated with 
aluminized paint (1.4%) that could be on the exterior of the ship and there is uncertainty about 
whether the PCB-bearing materials were manufactured with PCBs or if their surfaces became 
contaminated with PCBs during the life of the ship or both.  



A further consideration is that the formation of concretions by encrusting organisms 
(barnacles, tubeworms, tunicates, bryzoans, sponges, and other fouling organisms) would serve 
to further isolate the PCB-bearing materials and inhibit the release. The dramatic decrease in the 
release of toxic substances from antifouling paint on ship hulls within days of cleaning (Schiff et 
al. 2003) is an example of this process. Studies on the release of contaminants from artificial 
reefs made of scrap tires showed that the release rate of contaminants decreased over time 
probably because of the depletion of contaminants from the surface of the tires (Collins et al. 
1995) and the build-up colonizing organisms (Collins 1999, Collins et al. 2002). While the build-
up of encrusting organisms on surfaces may impede the release of PCBs, fish and other 
invertebrates can prey on encrusting organisms and extreme events, such as hurricanes, could 
also cause fouling organisms to be broken off exposing new surfaces to aqueous-phase leaching. 
It is unlikely that marine organisms would actually “eat” the materials containing PCBs. Most of 
the materials are covered with metal or plastic shielding (electrical cables), bolted between 
flanges (rubber gaskets), and enclosed by paneling or painted surfaces (bulkhead insulation) 
which means that the main route of release would be from the surfaces being wetted and 
dissolution of PCBs into the aqueous phase. Although some organisms could incidentally 
consume the solid material (e.g. a snail grazing on a contaminated surface, or a crab feeding on 
fouling organisms), it was assumed that this pathway was very minor in comparison to aqueous 
releases. For the purposes of this risk assessment it was assumed that the predominant route of 
exposure from any PCBs contained in solid materials on the ship was from aqueous-phase 
leaching that could occur after sinking.  



The PCBs released were expected to be well mixed in the IVW where they would be 
advected, as function of the bottom current, and mixed into the lower water column surrounding 
the vessel and extending up to the pycnocline and out to the edge of the zone of influence (ZOI, 
see below) of the reef (Figure 12). Within the lower water column the PCBs would partition to 
sediment, sediment pore water, total suspended solids (TSS), and dissolved organic carbon 
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(DOC) in the water column, and exchange with water, TSS, and DOC in the upper column. 
Resuspension and transport of suspended sediments is not included in PRAM or TDM. This is 
assumed to be conservative because including suspended sediments would increase the net 
transport of PCBs out of the system and reduce the exposure point concentrations. Organisms 
attached to the ship, free-swimming in the lower and upper water column, and on and within the 
sediment bed would be exposed to the PCB concentrations present. Advection from bottom 
currents and exchange across the air-sea boundary on the surface would transport PCBs beyond 
the boundary of the reef.  



Depending on the nature of the contamination, PCBs may be present in various media, 
i.e., water, sediment, and biota, through transport, uptake and bioaccumulation (ingestion of 
prey). These media may pose a risk to valued and relevant ecological resources and humans if 
the exposure pathway is complete. Exposure to contaminants present in the water column could 
occur to marine organisms through contact and uptake (e.g. gill tissues) and to higher-level 
predators by ingestion of contaminated prey and incidental contact. PCBs can also accumulate in 
the sediments from sorption and settling and cause exposure to benthic organisms.  



Reef building increases the biomass per unit area because the pre-existing habitat (sandy 
bottom continental shelf) does not provide favorable substrates or habitat for high-density 
populations of reef-dwelling marine species (Bell 2001). The sunken vessel provides habitat for 
reef-dwelling organisms, as well as additional resources to the existing fauna. From an 
ecological perspective, the valued resources or ecological receptors to protect are the species that 
might be affected by the sunken vessel and their relationships with other valued species in the 
local or regional marine ecology. Species that could be impacted by exposure from contaminants 
include marine species that have migrated to the artificial reef or transient marine species that 
visit the reef. 
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4. Exposure Assessment 
This section reviews the exposure scenarios modeled, presents the simulated exposure 



point concentrations for abiotic and biotic media, documents the procedures for estimating 
exposure concentrations, and discusses the major assumptions and sources of uncertainty in the 
exposure assessment. Specific aspects of exposure to the benthic, pelagic, and reef communities, 
and dietary exposure to reef consumers are presented and the results of the model evaluation are 
also discussed. 



4.1 Exposure Scenarios Modeled by PRAM and TDM/PRAM 



The PRAM simulates the exposure pathways defined for PCBs leaching from the PCB 
containing materials to organisms comprising the artificial reef community. By definition, 
tertiary consumers feed primarily on secondary consumers and secondary consumers eat mostly 
primary consumers, which in turn feed on primary producers. Representative species were used 
to model these trophic levels in PRAM. The tropic structure in PRAM is similar to the trophic 
structure identified at the Pinnacles Reef (Weaver et al. 2002). The TDM/PRAM and PRAM 
models were specifically developed to model PCB releases from the ship and accumulation of 
PCBs in the abiotic compartments and food chain of the pelagic, benthic, and reef communities 
(Table 2, Figure 11). Data from the PRAM and TDM were used to estimate exposure point 
concentrations to assess impacts to survival, growth, and reproduction of the assessment 
endpoints (Table 3). The data modeled by PRAM (Table 2) were concentrations of PCB 
homologs in water, sediment, primary producers (Trophic Level – TL=1: phytoplankton and 
encrusting algae), primary consumers (TL=2: copepod, bivalve, urchin, polychaete, and 
nematode), secondary consumers (TL=III: herring, triggerfish, lobster, and crab), and tertiary 
consumers (TL=IV: jack, grouper, and flounder). By grouping organisms according to their 
habitat and diet preferences, PRAM also provided output to evaluate exposure point 
concentrations for the pelagic, benthic and reef communities (Table 2). Additional exposure 
points were the PCB concentrations in prey for avian consumers (cormorants and herring gulls), 
loggerhead turtles, bottlenose dolphins, sandbar sharks, and barracudas, Table 3, Figure 11).  



Exposure less than 2 yr was evaluated with the TDM/PRAM model (NEHC/SSC-SD 
2006b) using the time course of PCB release rates observed in the shallow-water leachrate study 
(George et al. 2006, Figure 4) and steady state exposure was simulated by PRAM assuming the 
constant (> 2 yr) PCB release rates (George et al. 2006) reached steady state conditions 
(NEHC/SSC-SD 2006a). The TDM predicted concentrations of PCBs in water (freely dissolved 
– CW_FD, partitioned into dissolved organic carbon [DOC] – CDOC, and sorbed onto total 
suspended solids [TSS] – CTSS) and sediment (CS and CPW).  



The TDM estimates are based on exposure concentrations within defined volumes, just as 
the PRAM estimates are of exposure concentrations within defined volumes. The TDM volumes 
are defined in terms of 15-meter wide annuli.  The height of these annuli are a fixed height, for 
the annulus that is 15 m wide, and which begins at the exterior of the ship and extends laterally 
away from the ship to a distance of 15 m.  For the lower water column, the height of the annulus 
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is from the sediment up to the pycnocline; for the upper water column, the height of the annulus 
is from the top of the pycnocline to the surface of the water. A distance-averaged concentration 
was used for the TDM/PRAM model. The TDM provided exposure concentrations for bins 0-
15m, 15-30m, 30-45m, 45–60m, etc. away from the ship, while PRAM provided an estimate of 
the steady state concentration for the whole volume as a function of ZOI. A ZOI=2 (14.7m) is 
roughly equivalent to the TDM bin of 0-15m and ZOI=5 (48.8m) falls at the boundary of the 30-
45 m and 45-60m TDM bins. For the TDM/PRAM model the abiotic exposure concentrations 
were obtained from the TDM model. The TDM output was input into PRAM, for each time 
interval, by calculating the PCB concentration provided for the 0-15m bin, 0-45m interval 
(average of 0-15m, 15-30m, and 30-45m bins), and 0-60m interval (average of 0-15m, 15-30m, 
30-45m, and 45-60m bins). The concentration for each bin was averaged over the appropriate 
time interval (eg. 1d (average for day 1), 7d (average from day 2 to 7), 14d (average from day 8 
– 14), 28d (average from day 15 – 28), etc). TDM/PRAM then calculated the resulting steady 
concentrations for the biological compartments.  



The TDM model simulated PCB concentrations in the IVW assuming a constant 
advective flux of PCBs that was proportional to the bottom current (1% of the bottom current), 
from the interior of the vessel to the exterior water column. The TDM calculated external PCB 
concentrations in concentric bins (elliptical annuli) 15 m wide extending outwards 200 bins 
(3000 m) from the ship, expanding away from the ship and extending to the surface for 2 years at 
1-min time steps. The 15 m matches the distance that a particle will travel at the assumed bottom 
current speed of 25 cm sec-1 (0.5 knot/hr) in the 1-minute model time step. A pycnocline was 
fixed at 15 m so the vertical division provided an upper 15 m tall bin and a lower 49 m tall bin. 
The model assumed that the entire volume of a bin (water, suspended solids and dissolved 
organics) moved to the next bin at each time step. Sediment was not transported between bins 
(NEHC/SSC-SD 2006b). Daily averages (every 1440 min) were calculated for each compartment 
and bin to obtain a time series of exposure concentrations over the two-year (day 1 though day 
730) simulation period (NEHC/SSC-SD 2006b). 



The abiotic concentrations predicted by TDM were then input into a version of PRAM 
modified to simulate the accumulation of PCBs in the progressively developing food chain 
hypothesized to occur during the first two years following sinking (see NEHC/SSC-SD 2006b 
for a complete description of the TDM). The progressive food chain was developed in 
recognition that it would take time for the new reef to be colonized by marine organisms and 
complete the potential exposure pathways (see Section 3 of NEHC/SSC-SD 2005b). For 
example, an upper-level predator could not take prey from the reef until it was developed enough 
to provide a source of food. Assuming that it would take 2-years for the reef to fully develop, the 
food chain that would be present on the reef was defined for the following time periods after 
sinking: 1 day, 7 days, 14 days, 28 days, 6 months, 1 year, and 2 years. The TDM output was 
averaged for each time interval and three distance intervals 0-15 m, 0- 45 m, and 0-60 m from 
the sunken vessel for input to PRAM. The TDM provided time-averaged PCB concentrations for 
each PCB homolog (mono- through decachlorobiphenyl)7, and for total PCBs (as the sum of 



                                                 



7 There are no octachlorobiphenyl (Cl-8) outputs, since none of the PCB-containing materials on the ex-
ORISKANY were found to contain any octachlorobiphenyl congeners. 
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PCB homolog concentrations) in each of the abiotic media compartments (water, suspended 
solids, and dissolved organic carbon in the upper and lower water columns, and in the internal 
vessel compartment; and in sediment).  The distance outputs were the arithmetic mean 
concentrations for the relevant bins.  For example, the 0 to 60 meter output data were the average 
obtained from the arithmetic means of the 0-15 meter, 15-30 meter, 30-45 meter, and 45-60 
meter bins.  Graphs of the total PCB concentrations in abiotic media simulated by the TDM are 
provided in Appendix G of NEHC/SSC-SD (2006b). 



The steady state exposure conditions expected to occur once the reef was fully developed 
and the release rates of the PCB-containing materials have reached a constant long-term rate (> 2 
years from sinking) was evaluated using PRAM. PRAM consists of a multimedia environmental 
chemical fate module and a biotic-food web model. It incorporates the equations and physical 
parameters that govern the processes by which PCB homologs are released and dispersed in the 
marine environment surrounding the sunken vessel, and distributed into the various abiotic 
media (water, suspended solids, dissolved organic carbon, sediment, and air) within a defined 
volume around the sunken vessel (zone of influence – ZOI). The food web module, consisting of 
equations and parameters that govern the processes by which the PCB homologs in the abiotic 
media accumulate through the food web and into the tissues of marine biota, is then used to 
predict the steady-state concentration of PCBs in the biotic compartments of the model (Figure 
11, see NEHC/SSC-SD 2006a for a complete description of the PRAM model).  



The state variables (concentrations of PCBs in abiotic and biotic compartments of the 
model) provided the exposure point concentrations (Table 2) needed to assess ecological risks to 
the assessment endpoints (Table 3). The exposure routes modeled by PRAM for the pelagic, 
benthic, and reef food chains are shown in Figure 12. The water exposure consisted of exposure 
to upper water column (UWC), lower water column (LWC), pore water (PW), and interior vessel 
water (IVW). The pelagic community were exposed the UWC and LWC, the benthic community 
was exposed to the LWC and PW, and the reef community was exposed to LWC and IVW 
(Table 6).  



The default diet composition used in the PRAM model is shown in Table 7. The TL for 
each biological compartment of the PRAM food chain was calculated based on the weighted 
average of each component of each organism’s diet: 



TL(j) = 1 + Σ fdiet(i) x TLPrey(i) [3]
where   



TL(j) = Trophic level for species (j), summed for number of (i) prey 
items modeled  



fdiet(i) = Fraction of diet for prey item (i) 
TLPrey(i)  Trophic level of prey item (i) 



For this calculation the TL for sediment and suspended sediment was set to 1.5 and 
1.125, respectively to account for the detrital carbon and bacteria in these compartments. The 
trophic levels modeled ranged from TL 1 - 3.96 for the pelagic community, TL 1 – 3.95 for the 
reef community, and TL 2.46 – 4.11 for the benthic community (Table 7). The highest TLs in 
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model were for the benthic predator (flounder, TL =4.11), pelagic piscivore (jack, TL = 3.96), 
reef predator8 (grouper, TL = 3.95), and benthic forager (lobster, TL = 3.52). 



4.1.1 Exposure to the Benthic Community 



The benthic community is composed of organisms living in or on the bottom (US EPA 
2004b). The benthic community represented in PRAM includes the benthic infauna, benthic 
epifauna, benthic foragers, and benthic predators. The infauna is composed of macrobenthic 
suspension feeders, deposit feeders, and benthic carnivores that spend a predominant portion of 
their life living within the sediments (Berry et al. 2003a, b). Examples of benthic infauna include 
nematode and polychaete worms, clams, amphipods, ghost shrimp, etc. While recognizing that a 
large portion of the benthic infauna population is made up of micro-organisms (organisms 
smaller than 0.5 mm, Novitsky 1983) PRAM does not explicitly model the microbial 
community. The contribution of the microbial community is included in the organic matter or 
detritial material, which is a major component of the diet for the benthic infauna (Table 7). 



The benthic infauna compartment is composed of the biologically active zone of the 
sediment, the intersititial water (pore water), and the overlying water just above (2-6 cm) the 
sediment-water interface. The pore water and the overlying water are modeled as pore water 
within PRAM because these waters are geochemically distinct from the LWC water below the 
pycnocline. The overlying water contains higher amounts of sedimentary flocs, organic matter, 
and suspended particles than is present in the water column, and any currents present in the water 
column would be strongly dampened by friction with the bottom at the sediment water interface, 
especially near the hull of the ship. Toxicological studies have shown that overlying waters are 
similar to intersititial water with respect to partitioning and toxicity (Berry et al. 2003a, b). For 
example, the LC50 (lethal concentration to 50% of test organisms) values obtained for 
amphipods (Hyalella azteca) from 10-d sediment exposure to endrin were similar to LC50 values 
obtained for static tests on the overlying waters performed for the same sediment (Nebeker et al. 
1989, cited in Berry et al. 2003b). To reflect these processes, PRAM assumes that water 
exposure of PCBs to benthic infauna is 20% from LWC and 80% from PW (Table 6, Figure 12). 
The benthic infauna diet is composed of 50% sediment, 30% phytoplankton, and 20% 
zooplankton (Table 7). It should be noted that the benthic infauna are not really consuming 
sediment, rather they are consuming the organic matter present on the particles, the inorganic 
matter would pass through the gut. The dietary requirements take into account the amount of 
organic matter that must be consumed (NEHC/SSC-SD 2006a). 



The benthic epifauna are the organisms that live on the bottom, but spend their time 
predominantly above the sediment-water interface. Examples of benthic epifauna are sea slugs, 
sea urchins, sea anemones, sea fans, sponges, etc. Because of their close association with the 
bottom sediments PRAM assumes that water exposure to PCBs is 50% PW and 50% LWC 



                                                 



8 Note that the default setting in PRAM (version 1.4C) only accounts for 99% of the diet of the reef predator, 
correcting this would result in a TL of 3.98 (see ). This error has a very minimal impact on the overall model 
results. 



Table 7
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(Table 6, Figure 12). The benthic epifauna diet consists of 25% sediment organic matter, 30% 
phytoplankton, and 20% zooplankton (Table 7).  



The benthic foragers are the lobsters, sea stars, crabs, octopus, etc that feed on the 
infauna (50%) and epifauna (45%, Table 7). Reflecting the relatively greater mobility of benthic 
foragers and the less time that they are actually in contact with bedded sediments, water exposure 
to benthic foragers is modeled as 75% LWC and 25% PW (Table 6, Figure 12). Because the 
benthic foragers feed on infauna, PRAM also models incidental consumption of sediment 
organic matter by assuming that incidental sediment consumption of benthic foragers is 10% of 
the epifaunal benthos consumed (5%). This assumption is consistent with other risk assessments 
that have evaluated exposure from incidental sediment exposure as part of the consumption 
pathway (URS 1996b, MESO 2000).  



The top predators in the benthic community are the flat fish, skates, toadfish, eels, and 
other carnivorous fish that feed on the benthic foragers (58%), epifauna (20%), and infauna 
(20%, Figure 12). Many benthic predators spend most of their time in the water column rather 
than in the sediment, so water exposure is modeled as 90% LWC and 10% PW (Table 6, Figure 
12). Because the benthic predators also feed on infauna, incidental sediment consumption was 
set to 10% of the infauna consumed (2%, Table 7). 



4.1.2 Exposure to the Pelagic Community 



The base of the pelagic food chain and much of the reef itself are the phytoplankton. 
Comprised of microscopic plants including diatoms, coccolithophorids, dinoflagellates, and 
cyanobacteria, the phytoplankton are exposed to PCBs in the UWC euphotic zone where they 
must remain to utilize sunlight for photosynthesis. The pelagic zooplankton is composed of 
copepods, salps, ctenophores, jellyfish, beroes, pteropods, as well as larval forms of larger fish 
and invertebrates. Zooplankton is known to diurnally migrate in the water column, UWC during 
the night and LWC during the day, resulting in 50% exposure between UWC and LWC (Table 6, 
Figure 12). The zooplankton feed primarily on phytoplankton (70%) but they will also consume 
detrital organic matter associated with the suspended solids in the UWC (15%) and LWC (15%, 
Table 7). Planktivorous fish are herring-like fish (Family Clupeidae), which include sardines and 
menhaden, and bass-like Anthias (Family Serranidae) that are very plentiful on the Pinnacles 
natural reefs (Weaver et al. 2002). In PRAM, the pelagic planktivores were set to feed 
exclusively on zooplankton (100%). It was assumed that pelagic plankitvores would be exposed 
to PCBs in the UWC (80%) and LWC (20%, Table 6, Figure 12).  



The top-level predators in the pelagic community are the pelagic picscivores. These are 
some of the prized game fish that could be attracted to the reef like greater and lesser 
amberjacks, pompanos, snappers, mackerels, and tunas. Many pelagic game fishes are attracted 
to natural and artificial structures in both freshwater and marine environments, but it is expected 
that these species are really ‘coastal pelagics’ which can travel greater than 200 km (124 mi) in 
their search for food and may be absent from the reef for extensive periods (Shipp 2002, Ingram 
and Patterson 1999, Stanley and Wilson 2003). In PRAM the pelagic predator was set to feed 
primarily on pelagic planktivores (90%) with 10% of their diet coming from zooplankton (Table 
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7). Based on their expected behavior of following the pelagic planktivores, the pelagic predators 
would be exposed to PCBs in the UWC (80%) and LWC (20%, Table 6, Figure 12). 



4.1.3 Exposure to the Reef Community 



The reef community is composed of the reef obligate species that will colonize the reef 
(Weaver et al. 2002, Bohnsack et al. 1994, Patterson et al. 2005). Assuming that light will 
penetrate to the depths of the reef, species of encrusting algae and other macrophytes will 
colonize on the surface of the vessel. Encrusting algae would be exposed to PCBs through the 
LWC (100%). It was assumed that plants could only survive on the outside of ship so they would 
not be exposed to IVW. Likewise, sessile filter feeders (tubeworms, barnacles, cnidarians, 
bryzoans, tunicates, bivalve mussels and oysters, and other fouling organisms) would more be 
likely to colonize the exterior of vessel where food and nutrients would be plentiful. It was 
assumed that the sessile filter feeders obtained 80% of their diet from phytoplankton, 10% from 
zooplankton, and 10% from suspended solids in the LWC (Table 7). The default setting for PCB 
exposure in water to sessile filter feeders was 100% LWC, Table 6,Figure 12). 



Invertebrate omnivores are opportunistic feeders like sea urchins, gastropods, and 
isopods, and the invertebrate foragers are the carnivorous motile crustaceans (crabs) and 
polychaetes, sea stars, and other invertebrate predators found on the reef. While these species 
move about the reef looking for food, they can be exposed to PCBs in the LWC and IVW which 
was set to 80% : 20% and 70% : 30% for invertebrate omnivores and foragers, respectively 
(Table 6, Figure 12). The diet of the invertebrate omnivores consisted of attached algae (80%), 
zooplankton 10%, and suspended solids in the LWC (10%). The primary prey for the 
invertebrate forager was the invertebrate omnivore (50%), followed by sessile filter feeders 
(35%), pelagic planktivores (5%), zooplankton (5%), and LWC suspended sediment (5%,Table 
7). 



The reef vertebrate forager (triggerfish, grunt, sheepshead, and porgy) and predator 
(grouper, sea bass, and rock fish) are the prized game fish that will be resident at the reef. The 
reef foragers are expected to feed on a relatively wide diversity of prey species, while the 
majority of the reef predator’s diet would be the reef forager (60%, Table 7). Reflecting the 
assumption that these fishes would utilize interior spaces of the vessel, the reef forager and 
predator would be exposed to PCBs in the LWC and IVW (70% : 30% and 80% : 20%, 
respectively, Figure 12). It was assumed that the reef forager (triggerfish) would spend the most 
time in contact with IVW of all the species in the model. This was to account for behavior 
patterns suggested for white grunt (Haemulon plumierii) in the ex-VERMILLION study 
(Johnston et al. 2005a), including frequent forays into the interior of the hull in search of food, 
relatively longer residence time on the reef than other fish species, and the use of interior vessel 
compartments as refugia to avoid predation. 



4.1.4 Dietary Exposure to Reef Consumers 



Reef consumers like sea birds, sea turtles, sharks/barracuda, and dolphins were not 
modeled by PRAM, therefore concentration of PCBs in prey, which was modeled by PRAM, 
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was assessed to evaluate potential exposure to these species (Table 2, Table 3, Figure 10). Water 
exposure was not evaluated for birds, mammals, and sea turtles. None of these species have gills, 
which is the main route of contamination from water exposure for marine fish and invertebrates. 
For birds, incidental contact with the water would occur when foraging at the reef (diving and 
swimming), but it was assumed that this exposure would not be significant. Although dolphins 
and sea turtles could also be attracted to forage at the reef for long periods, they are not 
considered to be reef residents and it was assumed that uptake of contaminants from the water 
would be negligible and could be ignored. Water exposure for the reef shark and barracuda was 
evaluated by assuming that potentially harmful tissue concentrations could arise by accumulating 
contaminants from water and food. The description of the receptor species used to evaluate risks 
to reef consumers is provided in Section 3.3 for Avian Consumers, Sea Turtles, Dolphins, and 
Shark/Barracuda and the exposure models used to derive toxicological benchmarks for these 
species are presented in Section 5.1.3.4. 



4.1.5 Exposure to Progressive Food Chain During 0-2 yrs After Sinking 



The progressive food chain was developed to capture the exposure pathways expected to 
be present during the 0-2 yrs it would take for the new reef to be fully colonized by marine 
organisms (see Section 3 of NEHC/SSC-SD 2005b, NEHC/SSC-SD 2006a). The approach 
assumed that the pelagic and benthic food webs would be fully developed when the ship is sunk 
but it would take the reef community 2 years to become fully developed on the vessel. The 
progressive food chain used for the reef community is shown in Table 8. Initially, the 
components of the reef community were “forced” to obtain all of their dietary requirements from 
the pelagic and benthic communities, but, as the reef developed, the reef predators would switch 
to feeding on their preferred prey (i.e. the default dietary preferences used by PRAM, see Table 
7). For example, during the first month after sinking (Table 8), the reef predator – grouper would 
obtain all its dietary requirements feeding on pelagic herring (20%) and benthic epifauna (20%) 
and lobster (60%). After six months the grouper would add crab (10%) and triggerfish (10%) to 
its diet and decrease reliance on lobster (40%). After one year (Table 8) the grouper would feed 
more heavily on the increasing abundance of crabs (15%) and triggerfish (25%) from the reef, 
reducing predation on pelagic herring (10%) and benthic epifauna (10%) and lobster (40%). 
Finally, after two years (Table 8) the grouper would have the default diet (Table 7).  



The TDM provides time-varying concentrations in the abiotic media and PRAM 
calculates the resulting steady-state tissue concentrations. Therefore, higher trophic level fish 
tissue concentrations will be overestimated during the early life history of the reef because the 
bioaccumulation within the food web will be calculated as though the PCBs have been present in 
the environment long enough to reach steady state. The analysis also assumes that the pelagic 
and benthic communities are capable of supporting the reef community during the early phase of 
reef development, while in reality recruitment of reef-associated species will probably occur 
after the reef-obligate species have been established (Bartone et al. 1998). Additionally, the diet 
progression (Table 8) an approximation of what may occur under normal conditions, other 
events, such as storms that may cause mass migration of fish to seek shelter, were not 
considered. 



 4-7











 



4.2 Modeled Exposure Concentrations  



This subsection explains the zone of influence (ZOI), presents the results of simulated 
exposure levels, compares the results obtained from TDM/PRAM and PRAM, and discusses the 
results of the model evaluation analysis. The concentrations of Total PCB in tissues and abiotic 
compartments predicted by TDM/PRAM at 0-15 m from the hull for day 0 - 2 yr and steady state 
concentrations predicted by PRAM with a ZOI=2 and ZOI=1 are presented in Table 9. 



4.2.1 Zone of Influence 



An important parameter in PRAM is the zone of influence (ZOI). The ZOI represents a 
column of water directly around the ship (see NEHC/SSC-SD 2006a for the derivation of ZOI). 
At ZOI=1 the water column boundary is defined by the hull of the ship, there is no sediment 
compartment,9 the lower water column is the water surrounding the ship which extends up to the 
pycnocline and is about 3 times larger (range 2.87 to 3.29 for ZOI=1 to 10) than the upper water 
column and about 4.5 times larger (range 4.31 to 4.83 for ZOI=1 to 10) than the overlying air 
compartment (Figure 13). 



The ZOI was developed to define the model boundaries and a ZOI of 2 and 5 are 
recommended for assessing human health risks (NEHC/SSC-SD 2005a, b). However, the ZOI 
has little meaning to sessile organisms and other epibenthic organisms that will spend their entire 
life span only a few millimeters away from the substrate provided by the ship. These organisms 
will probably encompass the vast majority of the biomass present at the reef and provide the food 
and cover that will attract and support the higher trophic level organisms prized by anglers. 
Because of this, it is appropriate to focus the ecological risk analysis on the smallest perimeter 
possible, which was the community most closely associated with the hull (ZOI=1, 0 m) and areas 
directly adjacent to the reef (ZOI=2, 0 - 15 m and ZOI=3, 0 - 27 m).  



4.2.2 Simulated Exposure Conditions 



As discussed above, TDM/PRAM and PRAM simulate the fate and transport of each 
homolog (mono- through decachlorobiphenyl) and Total PCB was obtained as the sum of the 
individual homologs (EQU [1]). The Total PCB bulk water concentration (CBW) for the IVW, 
LWC, and UWC was calculated from the model output as: 



CBW = CW_FD + TSS × CTSS + DOC × CDOC [mg/L] [4]
Where   



CW_FD = Freely dissolved concentration in water [mg/L] 
CTSS = Concentration in suspended sediments [mg/Kg] 



CDOC = Concentration in dissolved organic carbon [mg/Kg] 



                                                 



9 Although the sediment compartment is undefined for ZOI=1 PRAM still provides results for sediment and 
porewater concentrations, so it was assumed that this represented sediments “very “close to the ship, e.g. ≤ 15 m 
from the ship, such as sediment that could accumulate on the flight or hanger decks. 
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TSS =  The amount of suspended sediment = 10 [mg/L]  
DOC = The amount of dissolved organic matter = 0.6 [mg/L] 



And CW_FD, CTSS, and CDOC were the sum of homologs modeled in each water column 
compartment.  



The TDM/PRAM and PRAM models were run with the default parameters to obtain the 
0-2 year and steady state exposure concentrations for the reef (Table 9). The steady-state 
condition with ZOI=1 resulted in the highest modeled concentrations for all the biological, 
sediment, and bulk water compartments in the simulation (Table 9). The steady state simulation 
(ZOI=1) resulted in 5-7 orders of magnitude increase in the Total PCB levels modeled between 
the base of the food chain (TL=1 plankton and encrusting algae) and the top-level predators 
(TL=4) grouper, jack, and flounder (Figure 14). Owing to the reef community’s close proximity 
to the source of PCBs, the Total PCBs in grouper (0.115 mg/Kg WW), triggerfish (0.067 mg/Kg 
WW), crab (0.037 mg/Kg WW) and urchin (0.017 mg/Kg WW) from the reef community were 
about 10-200 times higher than flounder (0.002 mg/Kg WW) and lobster (0.0005 mg/Kg WW) 
from the benthic community and jack (0.0009 mg/Kg WW) from the pelagic community (Table 
9, Figure 14). For the reef community, the Total PCB accumulated in grouper were about twice 
as high as the PCBs in triggerfish, three times higher than crabs, and six times higher than 
urchins (Table 9). These four species had Total PCB concentrations at least an order of 
magnitude higher than any of the other species modeled (Figure 14). This higher accumulation 
can be attributed to the fact that these were the only organisms that were exposed to PCBs in the 
IVW (Figure 12, Table 6).  



There were only relatively minor decreases between the PCB concentrations predicted for 
ZOI=1 and ZOI=2. By doubling the ZOI the concentrations of PCBs in grouper, triggerfish, crab, 
and urchin decreased by about 2% while the PCB concentrations in other species decreased by 
36%, except for phytoplankton, which decreased by 10%. Doubling the ZOI did not affect the 
exposure to PCBs in the IVW for grouper, triggerfish, crab, and urchin, but doubling the ZOI 
increased the volume of the lower and upper water columns and the sediment bed diluting the 
PCB concentrations in LWC and PW by 36% and UWC by 10% (Table 9). 



For the TDM/PRAM results, the highest tissue concentrations occurred on day 28 (one 
month after sinking) for all the species except triggerfish and grouper, which did not peak until 
day 180 (six months after sinking). Most of the biota compartments peaked on day 28 (Table 9) 
because the maximum release rates of tetra- and pentachlorobiphenyl occurred during the 
interval between day 14 – day 28 (see Figure C 31 –Table of PCB Homolog Release Rates used 
in the TDM in NEHC/SSC-SD 2005b). The triggerfish and grouper didn’t reach their maximum 
TDM concentration until day 180, because more time was required for the reef to develop before 
they could shift their prey from benthic organisms to reef organisms. For example, on day 28 
only 10% of the triggerfish’s diet and 0% of the grouper’s diet came from the reef, while on day 
180 the diet from the reef for triggerfish and grouper had progressed to 33% and 20%, 
respectively (Table 8).  



In comparison to the tissue concentrations predicted for day 730 (2 years after sinking) 
and steady state, with ZOI=2 (both simulations evaluated exposure levels 0-15 m from the ship), 
the tissue concentrations predicted for steady state (ZOI=2) were about 2 times higher for 
grouper, triggerfish, crab, and urchin and about 4 times higher for the other species, except for 
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phytoplankton, which were more than 100 times higher (Table 9). Day 730 is the point of the 
dynamic model that all the exposure pathways are complete (i.e. the food web in TDM/PRAM is 
the same as PRAM) and the PCB release rates are approaching steady state values. Relative to 
day 730, the steady state (ZOI=2) PCB concentrations in bulk water concentrations of IVW 
increased by about a factor of 3, the LWC increased by a factor of 5 and the UWC increased by a 
factor of 90. It is interesting to note that on day 180, when the maximum abiotic concentrations 
were obtained in the TDM, the concentrations of Total PCBs for day 180 in CW_FD and CTSS were 
actually higher than the steady state values but the day 180 PCB concentration in CDOC was lower 
than the steady state concentration, resulting a in higher bulk water concentration for the steady 
state condition. Even though the PCB release rates used in TDM/PRAM were about 5 times 
higher (maximum of 3.9 g PCB/day, see Figure C 31 in NEHC/SSC-SD 2005b) than the steady 
state release rate (0.762 g PCB/day, see Table 5) the steady state, which drives all the 
compartments to equilibrium, resulted in the highest exposure concentrations to the reef 
community. 



The exposure assessment evaluated exposures from water-borne releases of PCBs in the 
interior of the ship to the lower and upper water column, into bedded sediment and pore water, 
and through the pelagic, benthic, and reef community food chains for both 0-2 yr and steady state 
exposure periods. The exposure assessment showed that PCBs accumulated at the highest levels 
under steady state conditions; the highest concentrations were predicted for the upper trophic 
levels of the reef community (grouper, triggerfish, crab, and urchin). These reef community 
species bioaccumulated the highest levels of PCBs through contact with IVW, which was the 
most important route of exposure to organisms on the reef. 



4.2.3 Model Evaluation 



The output from the TDM and PRAM models were evaluated to the extent possible to 
identify any biases and verify the reliability of the results (see Appendix B). Because the models 
are simulating future conditions, no field data are readily available to validate the model output 
(Beck et al. 1997). Model performance was evaluated to assure that the model results were 
internally consistent (the same set of inputs gives the same set of results), that the predictions of 
the model conformed with the physiochemical properties being modeled, and that results 
produced by the model were consistent with similar studies reported in the literature (see 
Appendix B for details of the evaluation). The model evaluation provides an important quality 
assurance check that PRAM can be used to support the risk assessment (Beck et al. 1997, Chen 
and Beck 1999, Beck and Chen 2000). 



The evaluation compared predictions on the pattern of PCB bioaccumulation as a 
function of Kow, the degree of biomagnification between trophic levels, and the magnitude of the 
accumulation relative to the concentration in the prey from PRAM to data reported in the 
scientific literature. Critical in this evaluation was to judge whether the model could reliably 
perform the task of predicting PCB bioaccumulation in the reef environment. This provides an 
important quality assurance that PRAM can be used to support the risk assessment (Beck et al. 
1997, Chen and Beck 1999, Beck and Chen 2000). The evaluation showed that PRAM did very 
well in predicting the bioaccumulation of homologs with a Kow ≥ 6.5 (penta-, hexa-, and 
heptachlorobiphenyl). These homologs accounted for 49%, 10%, and 10%, respectively of the 
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total PCBs released at steady state from materials expected to be on the ex-ORISKANY after 
sinking. While there was uncertainty about the results obtained from PRAM the analysis shows 
that PRAM is giving reasonable and plausible results that can be used to assess risks associated 
with the ex-ORISKANY. Comparison of the overall food web magnification factor (FWMF) 
obtained from PRAM to data available from field studies showed that FWMF predicted by 
PRAM was more conservative than the available literature values for the reef community and 
was within the range of the literature values for the pelagic and benthic communities. This adds 
to confidence that the results from PRAM were not underestimating potential exposure levels.  



4.3 Uncertainty About Exposure Assessment 



The estimates of tissue residues in the reef community are based on the biogeochemical 
behavior of PCBs in aquatic systems as applied within the development of PRAM (NEHC/SSC-
SD 2006a) and the TDM (NEHC/SSC-SD 2006b) models. The model outputs were assumed to 
be valid representations of future conditions and, based on the criteria used to evaluate model 
performance (see Appendix B) it appears that the models produced plausible and realistic results. 
The models are abstractions of real processes so there are uncertainties associated with the 
assumptions and mathematical procedures used in the models. In addition to strengths and 
weaknesses of PRAM (see Section 2.4, p2-25 in NEHC/SSC-SD 2005a) and TDM (see Section 
2.4, p2-14 in NEHC/SSC-SD 2005b) there are also additional uncertainties associated with using 
the model results to address ecological risks (see Section 7 Uncertainty).  



The output from the TDM was used to predict the release and accumulation of PCBs 
from the ship for the period of 0-2 yrs in 15 m bins extending out to 3000 m (see Appendix B 
and C of NEHC/SSC-SD 2005b for the details of these simulations). While the progressive food 
chain used in the TDM/PRAM simulations was developed to take into account changes in the 
food web during colonization, the time series of abiotic concentrations were used to project 
steady state tissue concentrations at each of the intervals (NEHC/SSC-SD 2005b). Clearly, it 
would take time for the reef community to fully develop and to reach a “steady state” with the 
exposure levels present. Although it could take years to reach thermodynamic steady state, 
studies have shown relatively rapid uptake of PCBs by fish (Fisk et al. 1998) and mussels 
(Bergen et al. 1998) indicating that marine communities can achieve 70-80% of the “steady-
state” concentration within a month of exposure to high concentrations of PCBs. While the 
steady state assumption in PRAM may overestimate tissue concentrations, there may be 
components of food web that can reach equilibrium quickly and the PRAM output can be viewed 
as representing the portion of the reef community that would be most directly affected. 



Many other ecological processes, that may also affect PCB bioaccumulation and potential 
risks, were not addressed by TDM-PRAM and PRAM. These include increased productivity, 
changes in biomass and abundance within the trophic structure, refugia, disequlibrium 
population dynamics between predators and prey, and ecosystem dynamics just to mention a 
few. 
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5. Effects Assessment 
This section presents the development of benchmarks used to assess potential ecological 



effects associated with water, sediment, tissue residue, and dietary exposure to PCBs. The 
available toxicological data on the ecological effects from exposure to Total PCBs and dioxin-
like coplanar congeners are reviewed and evaluated within the context of the exposure pathways 
identified for the artificial reef. 



5.1 Selection of Benchmarks 



Benchmarks were selected to evaluate potential effects of PCBs to a broad range of reef-
dwelling organisms. Benchmark concentrations for water (WB), sediment (SB), and tissue 
residues of fish (TFish) and invertebrates (TInvert) were selected. The tissue benchmarks were for 
the bioaccumulation critical value (BCV), tissue-screening value (TSV), critical body residues 
(CBR) corresponding to the no observed effect dose (NOED) and the lowest observed effect 
dose (LOED) for a fish or invertebrate species. Benchmarks of ecological effects to assess 
dietary exposure to representative reef consumers were also developed. Dietary benchmarks 
(DPREY) for fish as prey were developed for herring gulls, cormorants, dolphins, and 
sharks/barracuda. Dietary benchmarks for invertebrates (DPREY) as prey were also developed for 
herring gulls, sea turtles and dolphins (Table 10). 



In the last decade, evidence has been mounting that specific congeners are more toxic 
than others, especially the dioxin-like coplanar PCBs – PCBs with zero or one chlorine atom in 
the ortho position (closest to the biphenyl double bond, see information on orientation 
Polychlorinated Biphenyls (PCB) Multimedia Training Tool) (Ahlborg et al. 1994, Van den Berg 
et al. 1998, Barney 2001). The concentrations of these dioxin-like coplanar PCB congeners are 
expressed as the equivalent concentration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), the 
most potent dioxin congener (Van den Berg et al. 1998), determined from the toxicity equivalent 
quotient (TEQ). To address potential toxicity from TEQ exposure to reef consumers such as sea 
birds, sea turtles, and dolphins, benchmarks for exposure dietary of TEQs to gulls, cormorants, 
and dolphins were developed. To evaluate potential effects of TEQ exposure to fish eggs and 
sac-fry larvae, the most sensitive life stage of fishes to TEQ toxicity, benchmarks for the 
maternal transfer of TEQs to fish eggs and sac-fry larvae were also developed. 



5.1.1 Effects from Water Exposure 



Water quality criteria, the basis of the water exposure benchmarks, were developed to be 
protective of both short-term (acute) and long-term (chronic) exposure. The criterion continuous 
concentration (CCC – chronic) “… is an estimate of the highest concentration of a material in the 
water column to which an aquatic community can be exposed indefinitely without resulting in an 
unacceptable effect” and the criterion maximum concentration (CMC – acute) “… is an estimate 
of the highest concentration of a chemical in the water column to which an aquatic community 
can be exposed briefly without resulting in an unacceptable effect” (U.S. EPA 1995).  
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Water quality standards have been developed to be protective of 95% of the species 
tested, or more precisely, of the genera tested (U.S. EPA 1991, 1994). The water quality criterion 
for PCBs is defined as total PCBs (Total PCB), which “… is the sum of all homolog, all isomer, 
all congener, or all Aroclor analyses” (U.S. EPA 2002). The aquatic life criteria recommended 
by national water quality criteria for salt water continuous (WQC-Chronic) concentrations is 
0.03 ug/L and maximum (WQC-Acute) is 10 ug/L (U.S. EPA 1998b, 1999b, summarized in 
Buchman 1999). The Great Lakes Water Quality Initiative criteria for protection of wildlife 
(GLWQI-Wildlife), which takes into account bioaccumulation in fish for chronic wildlife 
exposure, has recommended the criteria for Total PCB of 0.074 ug/L (GLWLC-TierI10), U.S. 
EPA 1995).  



Recently, the State of Florida has proposed enacting water quality standards for 
persistent, bioaccumulative, and toxic contaminants such as PCBs to be protective of an 
exposure equivalent to the “risk of one in a million or a Hazard Index of 1.0 for the 90th 
percentile of all Florida adults eating fish species found in Florida waters” (FLDEP 2004). The 
proposed standard for the annual average (FLWQCaap) exposure to Total PCB is 0.000023 ug/L, 
which is factor of 2 lower than the current annual average standard of 0.000045 ug/L (FLWQCaa, 
F.A.C. 62-302.530) and 3 orders of magnitude lower than the recommended aquatic life chronic 
criteria. The FLWQCaap was developed for human health and therefore is not applicable to the 
ecological risk assessment. TheWQC-Chronic criterion of 0.03 ug/L is equal to the Florida State 
Standard for maximum concentration of Total PCB (FLWQCmax, F.A.C. 62-302.530). Because 
the ex-ORISKANY is to be sunk outside of the territorial waters of the State of Florida, the State 
of Florida Water Quality Standards are not legally applicable. 



The chronic value of 0.03 ug/L (WQC-Chronic) recommended by the national guidance 
as protective of aquatic organisms was used as the most conservative ecological risk benchmark 
and the Great Lakes Tier 1 wildlife criteria of 0.074 ug/L (GLWLC-TierI) was used as the less 
conservative ecological risk benchmark. The WQC-Chronic value was also used to calculate the 
bioaccumulation critical value (BCV) to evaluate potential toxic effects from PCB exposure to 
aquatic life (see Section 5.1.3 and Table 12). 



The water exposure benchmarks (Table 10), were used to evaluate potential ecological 
effects to primary producers (phytoplankton and encrusting algae), primary consumers 
(zooplankton and grazers), as well as other components of the reef community (fish and 
invertebrates, Table 3). It was assumed that the water benchmarks were applicable and 
appropriate for protection of the reef community. 



                                                 



10 The Great Lakes Wildlife Criteria are based on “different methodologies to evaluate available scientific data. For 
pollutants for which data are abundant (called Tier 1), criteria would be generated using current, scientifically 
established methods for calculation. For pollutants for which data are extremely limited, yet controls are deemed 
necessary because of the substances' presence in the lakes (called Tier 2), criteria will be developed using alternative 
methodologies with added safety factors that intentionally produce more conservative criteria.” (see Copeland 1996, 
http://www.ncseonline.org/NLE/CRSreports/Natural/nrgen-10.cfm?&CFID=2153896&CFTOKEN=76439908  ) 



 5-2





http://www.ncseonline.org/NLE/CRSreports/Natural/nrgen-10.cfm?&CFID=2153896&CFTOKEN=76439908








 



5.1.2 Sediment Exposure 



The benchmarks for sediment exposure to PCBs (SB, Table 10) were set to the Threshold 
Effects Level (TEL) and Probable Effects Level (PEL) recommended by Florida Sediment 
Quality Assessment Guidelines (SQAGs, MacDonald 1994a, b). The TEL and PEL were 
developed from studies where chemical concentrations in the sediment and ecological effects 
were measured or modeled. The TEL represents the concentration of a chemical below which 
effects are not expected, the PEL represents the concentration that is likely to cause ecological 
effects, and the “possible effects range” is defined for chemical concentrations between the TEL 
and PEL (MacDonald 1994a, b, Long et al. 1995, U.S. EPA 1996a, Buchman 1999).  



The sediment benchmarks were used to evaluate PCB exposure to primary producers 
(benthic diatoms, encrusting algae), primary consumers (benthic infauna and epifauna) and other 
components of the reef community that would come into contact with sediments associated with 
the reef (free swimming fish and invertebrates Table 3). The sediment benchmarks for PCBs 
were based on Total PCB exposure characterized by the sum of the measured congeners 
(sumPCB) converted to Total PCB using empirical relationships11 (NOAA 1991, Long and 
Morgan 1990). It was assumed that the sediment benchmarks were applicable and appropriate for 
protection of the reef community. 



5.1.3 Tissue Exposure 



Tissue residue benchmarks were based on bioaccumulation critical values (BCV), tissue 
screening values (TSV), critical body residues, and dietary uptake benchmarks. These bench-
marks (Table 10) are chemical residue thresholds at or below which adverse toxicological effects 
would not be expected.  



5.1.3.1 Tissue Screening Values (TSV) 



Tissue screening values (TSV), originally developed for screening-level ecological risk 
assessments at Navy sites (URS 1996, 2002), are the concentrations of chemicals in the tissue of 
an organism at or below which adverse effects would not be expected to occur. The TSV is based 
on water quality criteria that were derived to be protective of aquatic organisms (U.S. EPA 1986, 
URS 1996, Shepard 1998, Dyer et al. 2000). Because the TSV is equal to the no effect tissue 
concentration, a single TSV applies to both freshwater and marine organisms (URS 1996), in 
other words the same tissue concentration would cause an effect regardless of whether the 
organism was a marine or freshwater species. This assumes that the difference between 
freshwater and saltwater criteria are due to differences in chemical uptake between freshwater 
and marine organisms rather than differences in tissue concentrations that would cause adverse 
effects. The TSV for PCB was calculated by URS (1996) as (Table 11): 



                                                 



11 The equation for total PCB (Total PCB = 2.19sumPCB + 2.19) was obtained by NOAA’s Status and Trends 
Program from a regression of empirical data from samples that were analyzed for both individual congeners 
(sumPCB) and total Aroclors (Total PCB) (NOAA 1991). 
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TSV 



 
= WQC µg × BCFa__L___ × 0.001 mg   [mg/Kg wet weight] 



           L              Kg(wet)              µg 
 
 



 
[5]



Where   
BCFa = Bioconcentration factor for aquatic organisms (L/kg wet weight) 



normalized to the average (3%) lipid content12 of aquatic organisms, 
BCFa = 31200 (URS 1996) 



WQCFWChronic = Was selected as the lowest value reported for marine or fresh water 
quality criteria (µg/L) that was in effect at the time the TSVs were 
calculated, WQCFWChronic = 0.014 µg/L (URS 1996) 



Chemical residue levels below the TSV are assumed to pose little or no risk to aquatic 
biota (Shepard 1995, URS 1996, Dyer et al. 2000). 



5.1.3.2 Bioaccumulation Critical Values (BCV) 



Bioaccumulation critical values (BCV) were based on empirical relationships between 
chemical exposure and organism uptake and accumulation (Table 12). Similar in concept to the 
TSV, the BCV was calculated using the most recent saltwater quality criteria for chronic exposure 
to PCBs (U.S. EPA 1999a, Buchman 1999) and bioconcentration factors applicable to marine 
fish and invertebrates. The BCV was defined as the tissue concentration that would occur if water 
exposure levels reached the chronic value of 0.03 ug/L Total PCB recommended by the national 
guidance as protective of aquatic organisms (WB):  



 
BCV 



 
= WB µg × BCFM__L___ × 0.001 mg   [mg/Kg wet weight] 



        L              kg(wet)               µg 



 
[6]



where   WB = Most recent salt water chronic criteria (EPA 1998, Buchman 1999, 
0.03 ug/L) 



 BCFM = Bioconcentration factor for marine organisms (L/kg wet weight), see 
Table 12 



 



The BCFs used for invertebrate tissue were obtained from URS 1996 and the fish tissue 
BCF for Total PCB was estimated from Mackay (1982, cited in Petersen and Kristensen 1998): 



log(BCFww) = -1.32 + log(Kow)  [7]
BCFww = Bioconcentration factor in adult fish in wet weight basis 



                                                 



12 The BCF for PCBs (log BCF = (0.85 x logKow) – 0.70) was determined from experiments conducted with using 
fathead minnows (Pimephales promelas) with an average lipid content of 7.6 % (U.S. EPA 1980, URS 1996).  
Freshwater and marine organisms that are commonly consumed in the US have a weighted average of about 3% 
lipid content (U.S. EPA 1980, URS 1996). Therefore to make the BCF for PCB more applicable to water quality 
criteria the U.S. EPA adjusted the BCF value by 3%/7.6% = 0.395 (URS 1996). 
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The BCV for Total PCB accumulation in fish and invertebrate tissue was calculated using 
a BCF weighted by the fraction of Total PCB (fPCB) present in each homolog group measured in 
reef fish (vermillion snapper, black sea bass, and white grunt) sampled in the REEFEX study for 
the ex-VERMILLION (Johnston et al. 2005a, Figure 15, Table 13). The BCF was calculated as: 



BCFPCB = ΣfPCBi× BCFi × 0.64 [L/kg wet weight] [8]



Where i is the index for each homolog group mono through deca (Table 13) and 0.64 is a 
lipid-normalizing factor used to normalize the average lipid content of REEFEX fish (3.51%) to 
3%. The U.S. EPA uses 3% as the average lipid content of aquatic organisms to determine the 
water quality criteria value for PCBs (U.S. EPA 1980, URS 1996, Table 13). 



5.1.3.3 Critical Body Residues 



Critical body residues (CBR) are defined as the threshold concentration of a contaminant 
in the tissue of an organism above which adverse effects could occur (McCarty et al. 1992, Pabst 
1999). Generally, the effect occurs as a result noncancerous effects and can result in death 
(mortality), or a reduction in fecundity, reproduction, or growth (chronic effects). Data from the 
US Army Corps of Engineers Environmental Residue-Effects Database (ERED 2002, see 
http://el.erdc.usace.army.mil/ered/) were used to develop benchmarks for critical body residues. 
The database was searched for effects from PCBs on reproduction, growth and development, and 
survival. Results that were based on adult, juvenile, or larval exposure, whole body 
concentration, and ingestion or absorption were used, if available (Figure 16, Appendix C. 
Search Results from ERED Database). Benchmarks were selected for the highest no observed 
effect dose (NOED) and lowest observed effect dose (LOED) for the receptor species of interest 
(i.e. fish and invertebrates).13  If the highest NOED was greater than the lowest LOED, then a 
NOED was selected that was lower than the lowest LOED (Table 10, Table 14, Table 15).  



An uncertainty factor (UF), if applicable, was used to derive the NOED and LOED 
benchmarks for fish (TFISH) and invertebrates (TINVERT) [mg/Kg wet weight] by:  



NOED = NOEDERED×UF [9]
LOED = LOEDERED×UF [10]



The NOED for fish was based on sheepshead minnow and the fish tissue LOED was 
based on lake trout data. The NOED for invertebrates was based on mussels and the invertebrate 
tissue LOED was based on toxicity to grass shrimp. No adjustment to the effects levels were 
required (effects levels were for a chronic endpoint during a sensitive life stage) and the 
exposure levels were assumed to be directly applicable to reef organisms being evaluated in the 
ecological risk assessment, therefore an UF=1 was used in calculating the NOED and LOED 
benchmarks (Table 14, Table 15, Appendix C. Search Results from ERED Database).  



                                                 



13 NOED and LOED are used to be consistent with the ERED nomenclature, which defined “dose” as the body 
burden concentration. Values selected from the database were the no observed adverse effects (NOED) and lowest 
observed adverse effect (LOED), where adverse was defined as a negative impact to growth, development, 
reproduction, or survival. 
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Procedures for conducting ecological effects assessments under TSCA commonly use 
hazard “assessment factors” (AF) to account for gaps in knowledge associated with estimating 
chronic toxicity from acute toxicity, accounting for species-to-species differences, and 
extrapolating from laboratory tests to field toxicity levels (Zeeman 1995, the benchmark is 
divided by the AF of 10 – 1000, as appropriate). For example, an AF of 10 is used to extrapolate 
from chronic effects to no effects, an AF of 100 is used to extrapolate from acute toxicity to no 
effects, and an AF of 1000 is used to extrapolate from structure-activity relationships (SAR) and 
quantitative (Q)SAR estimates of toxicity to no effects levels (U.S. EPA 1984, Nabholz 2003, 
Zeeman 1995, Zeeman et al.1999). The AF provides an additional level of conservatism in the 
ecological risk assessment to provide a consistent basis needed for regulatory decision-making. 
The AF is applied by dividing the appropriate benchmark (B) by the AF before calculating a 
hazard quotient (HQ): 



B*= B/AF [11]
Where  



B* = The benchmark adjusted for AF uncertainties (U.S. EPA 1984, Zeeman 1995) 



If environmental concentrations are below the benchmark/AF, it doesn’t necessarily 
mean that there is no risk, rather it suggests that the level of risk “… is probably too low to 
warrant taking any regulatory action” (Zeeman 1995). The CBR data obtained from ERED 
contained data for many fish and invertebrate species, however, there is uncertainty of whether 
the toxicological data from ERED are directly applicable and protective to sensitive species that 
could be present at the reef. Therefore, an AF=10 was applied to the NOED and LOED to 
account for species-to-species differences in toxicity (Table 10). 



One-way of addressing the broader implications of potential ecotoxicolgical effects from 
PCBs is to compare the benchmarks to species sensitivity distributions (SSD). Derived from 
toxicity data, SSDs are cumulative distribution functions that describe the proportion of a class 
of organisms (in this case fish and invertebrates) that will be affected by a given level of 
exposure to a contaminant (Posthuma et al 2001, Maltby et al. 2005). Data from the ERED 
database on effects of PCBs to fish and invertebrates (both fresh and saltwater species) were 
used to calculate SSDs for PCB residues in fish. Assuming that the toxicity data conformed to a 
lognormal distribution, the ERED data for effects to growth, reproduction, or survival from PCB 
residues in juvenile/adult fish (Figure 17), and invertebrates (Figure 18) were used to calculate 
the cumulative probability distributions for no effect (NOED) and low effect (LOED). The 
available toxicity data included freshwater species (lake trout, golden ide, catfish, etc). 
Sheepshead minnow, pinfish, salmonids, and others represented saltwater species. The SSD 
calculated from the ERED data are not based on genus-mean concentrations, rather the raw 
toxicity data were used. While genus-mean concentrations are more preferable for evaluating 
potential toxicity effects across a wide range of organisms (Posthuma et al 2001, Maltby et al. 
2005), developing genus-mean effects levels was beyond the scope of this report. The SSDs for 
PCB residues shows that the benchmarks selected for the risk analysis are protective of effects 
from PCBs that have been observed in fish (Figure 17) and invertebrates (Figure 18). 
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5.1.3.4 Food Chain Benchmarks 



The potential for PCBs to affect higher trophic levels was evaluated by assessing 
contaminant concentrations in tissues of representative prey. The exposure to an upper trophic 
level predator (bird of prey, dolphin etc.) is related to the exposure from eating prey species 
(clam, fish, worm, etc.) that have bioaccumulated contaminants from exposure pathways present 
within the reef community (Figure 11). Benchmarks were calculated for herring gulls and double 
crested cormorants, bottlenose dolphins, loggerhead sea turtles, and sandbar sharks/greater 
barracudas. Point estimates of ecological effects for a test species or Toxicity Reference Values 
(TRVs) corresponding to the No Observed Adverse Effect Level (NOAEL) and Lowest 
Observed Adverse Effect Level (LOAEL) were used to determine potential adverse exposure to 
the predators. When a NOAEL is used to calculate the TRV, the TRV represents a chemical 
concentration at or below which significant effects to the receptor are not anticipated. When the 
LOEAL is used to calculate the TRV, the TRV represents a chemical concentration above which 
ecological effects to the receptor could occur. Because the TRVs were derived from test species 
that differed from the receptor species, an AF=10 was used to account for species-to-species 
differences in toxicity (Equation [11], Table 10). 



5.1.3.4.1 Avian Consumers 



The benchmarks for PCB exposure to omnivorous herring gulls (Larus argentatus) and 
piscivorous double-crested cormorant (Phalacrocorax auritus) were developed based on 
toxicological studies on ring-necked pheasants (Phasianus colchicus, Table 16, Table 17, Sample 
et al. 1996). Introduced into North America from Asia, ring-necked pheasants consume a wide 
variety of plants (seeds and grains) and animals including insects (grasshoppers, crickets, and 
ants are the primary food for young chicks) and occasionally small snakes and rodents (USFS 
2004). Although ring-necked pheasants have a very different diet than seabirds, they are about 
the same size (1 kg) and have the about the same dietary needs (Sample et al. 1996) as herring 
gulls (body weight of 1.1 g and a dietary intake of 264 g/d, U.S. EPA 1995) and cormorants 
(body weight 1.9 g and a dietary intake of 475 g/d, Environment Canada 2004c).  



Sample et al. (1996) reported that scaling factors, such as used for mammals, are not 
appropriate for avian species because an analysis of existing data showed that the scaling factor 
which ranged from 0.63 to 1.55 with a mean of 1.15, was not significantly different than 1. This 
suggests that toxicity effects to birds of prey receptor species would be similar to the species 
tested (ring-necked pheasant for PCB) after adjusting for differences in food consumption rate 
and body weight of the receptor species. Therefore, based on the similarity of toxicity values 
reported among avian species, the NOAELs and LOAELs reported for ring-neck pheasants were 
assumed to be equivalent for herring gulls and cormorants (Equation [12] and [13], Sample et al. 
1996).  



NOAEL:   
TRVGull = TRVCormorant  = NOAELPheasant = 0.18 ug/g bw/day WW (Sample et al. 1996) [12]
LOAEL:   
TRVGull = TRVCormorant  = LOAELPheasant = 1.80 ug/g bw/day WW (Sample et al. 1996) [13]



The dietary consumption benchmarks (DPREY) of prey tissues for the NOAEL and 
LOAEL were calculated for herring gulls and double crested cormorants (Table 17) by: 
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DPREY = (TRV× UF)/F µg/g (wet weight)  [14]
UF = Uncertainty factor   



F = Dietary uptake factor (g/g body weight/day)  
F = aRdL  [15]
R = Food ingestion rate (g/g body weight/day)  
R = f/bw g/g body weight/day (Sample et al. 1996) [16]



Where    
a = Assimilation efficiency = 0.9   
f = Food consumption rate:  



Herring gull = 264 g/d (U.S. EPA 1995, CFR40 part132). 
Cormorant = 475 g/d (Environment Canada 2004c). 



bw = Herring gull body weight = 1,100 g (U.S. EPA 1995, CFR40 part132) 
Cormorant body weight = 1,900 g (Environment Canada 2004c)  



d = Fraction of diet = 1.0   
L = Fraction of life span = 1.0   



The avian benchmarks assumed that PCBs would have similar toxic effects and mode of 
action in herring gulls and cormorant as was observed in pheasants, after converting the dose for 
body weight and ingestion rate. Because of the similarity in toxicity to avian species, the UF in 
Equation [12] was set to 1. The Total PCB benchmark was based on a 17-week chronic exposure 
to technical grade Aroclor 1254 introduced by gel capsules mixed into the ring-necked 
pheasants’ food. The test showed significantly reduced egg hatchability following exposure 
throughout a critical life stage (reproduction, Dahlgren et al. 1972 cited in Sample et al. 1996), 
and these effects were assumed to be applicable and appropriate for the protection of sea birds. 
The benchmarks for exposure to Total PCB were 0.8 mg/Kg wet weight for the no effects level 
and 8.0 mg/Kg wet weight for the low effects level, reflecting the factor of ten difference 
assumed between the observed LOAEL and calculated NOAEL reported in Sample et al. (1996). 
The benchmarks obtained for avian consumers (Table 16, Table 17) indicated that cormorants 
and gulls would have about the same sensitivity to PCB exposure. The main difference between 
the gull and cormorant benchmark was that invertebrate PCB concentrations could be evaluated 
using the benchmarks for herring gull, while the cormorant benchmarks were only applicable to 
concentrations of PCBs in fish. Because the TRVs for cormorants and gulls were derived from a 
test species (ring-necked pheasant) that differed from the receptor species, an AF=10 was used to 
account for species-to-species differences in toxicity (Equation [11], Table 10). 



5.1.3.4.2 Dolphins 



The mink (Mustela vison) was selected as the most similar mammalian test species to 
dolphins. Minks are voracious carnivores (1 kg body weight, consuming 137 g/day of food, 
Sample et al. 1996), a large component of a mink’s diet consists of fish (Sample et al. 1996), and 
mink are more similar to dolphins than other mammalian species for which toxicology data are 
available, such as laboratory rats, white-footed mice, and oldfield mice (Sample et al. 1996). 
Additionally, mink are more sensitive to PCBs than laboratory rats or white-footed mice (Sample 
et al. 1996). Experimentally derived toxicity values for mink (NOAELmink, LOAELmink) were 
converted to effects levels for dolphins (TRVDolphin) by scaling the dose to the ratio of body 
weight of mink to the body weight of dolphins using an empirical relationship (Sample et al. 
1996): 
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[17]



The dietary consumption benchmarks (DPREY) of prey tissues for dolphins (Table 18) 
were determined using Equations [14], [15], and [16] with the following relationships: 



a = Assimilation efficiency = 0.9   
f = Dolphin food consumption rate = 27,000 g/day (Davis and Schmidl 1997) 



bw = Dolphin body weight = 215,000 g  (Seaworld 2000)  
d = Fraction of diet = 1.0   
L = Fraction of life span = 1.0   



The relative increased sensitivity of mammalian species to PCBs was evident in the fact 
that the dolphin NOAEL benchmark (0.32 mg/Kg wet weight) was about 3 times lower than the 
cormorant NOAEL benchmark (0.8 mg/Kg wet weight) and the dolphin LOAEL benchmark 
(1.58 mg/Kg wet weight) was 5 times lower than the cormorant LOAEL benchmark (8 mg/Kg 
wet weight). The Total PCB benchmarks for dolphins were based on a 4.5-month chronic study 
where mink were feed a diet mixed with varying concentrations of technical grade Aroclor 1254. 
The study found that prolonged exposure to PCBs in the mink’s diet reduced the number of live 
kits born at the end of the reproductive cycle (Aulerich and Ringer 1977 cited in Sample et al. 
1996). Enough treatment doses were tested to allow the NOAEL to be calculated rather than 
estimated as was done for the ring-necked pheasant study (Sample et al. 1996), which explains 
the reduced range between the NOAEL and LOAEL benchmarks for dolphins as compared to 
birds. The effects from PCBs observed in mink were assumed to be applicable and appropriate 
for the protection of dolphins and the UF in Equation [12] was set to 1. Because the TRVs for 
dolphins were derived from a test species (mink) that differed from the receptor species, an 
AF=10 was used to account for species-to-species differences in toxicity (Equation [11], Table 
10). 



In a study of PCB risk to bottlenose dolphins (Tursiops truncates), Schwacke et al. 
(2002) justified the use of mink as surrogates for dolphins because mink are the most sensitive 
mammalian species for which PCB toxicity data are available and that mink have similar 
pharmokinetic pathways as dolphins (cetaceans), specifically, both have relatively lower levels 
of phenobarbital-type (PB-type) and 3-methylcholanthrene-type (MC-type) enzymes necessary 
for metabolizing PCBs than other birds or mammals. Additionally, it is very difficult to obtain 
toxicological data for a protected species such as dolphins (Schwacke et al. 2002). 



The NOAEL benchmark for bottlenose dolphin obtained for Total PCB in fish tissue 
(0.32 ug/g wet weight) is similar to the wildlife protection value (WVFish) derived to be 
protective of piscivorous birds and mammals (U.S. EPA 1997). The WVFish is based on 
monitoring data compiled in the National Sediment Quality Survey; it is based on the sum of 
measured congeners (sumPCB, i.e. NOAA 18) and set to the lowest toxicity threshold calculated 
for kingfisher, herring gull, otter, mink, or eagle (U.S. EPA 1997). The mammalian species are 
more sensitive to PCBs, so the U.S. EPA set the WVFish value to the mammalian threshold (U.S. 
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EPA 1997). When the WVFish value of 0.16 mg/Kg wet weight sumPCB is expressed as Total 
PCB using the empirical relationship14 from the NOAA Status and Trends Program (NOAA 
1991), the value of 0.352 mg/Kg wet weight is obtained, which is essentially the same as the 
dolphin benchmark. 



5.1.3.4.3 Loggerhead Sea Turtles 



No applicable TRVs are currently available for reptiles (Chris Salice, Headquarters, U.S. 
EPA, personal communication) so the mammalian TRV (which was lower on a per-body-weight 
basis that the avian TRV) for PCBs was assumed to be protective of sea turtles after converting 
to account for body weight and dietary intake rate of sea turtles. This approach assumes that 
benchmarks protective of avian and mammalian species would also be protective of reptiles (see 
Great Lakes Water Quality Initiative Methodology for the Development of Wildlife Criteria, 
U.S. EPA 1995, CFR 40 part 132).  



Due to the lack of toxicity data on reptiles, the PCB TRVs obtained for dolphins were 
assumed to be protective of loggerheads. By using the same scaling factor used for mammals 
(Equation [17]) and substituting the body weight and ingestion rate of loggerhead turtles into 
Equations [14], [15], [16], and [17]) the benchmarks (DPREY) of prey tissues for loggerhead 
turtles (Table 19) were obtained: 



 



a = Assimilation efficiency = 0.9   
f = Loggerhead food consumption rate = 2421 g/day (Seaworld, Ask Shamu, 



personal communication)  
bw = Loggerhead body weight = 113,000 g  (Bolten and Witherington 2003)  



d = Fraction of diet = 1.0   
L = Fraction of life span = 1.0   



 



Because applicable TRVs are currently not available for reptiles (Chris Salice, U.S. EPA, 
personal communication), the mammalian TRV for PCB was assumed to be protective of 
loggerhead sea turtles after accounting for consumption rate and size of the sea turtles. The sea 
turtle benchmarks for Total PCB were based on mammalian (mink) TRVs (Table 19). The 
relatively low feeding rate of cold-blooded sea turtles compared to warm-blooded mammals 
accounts for the higher mammalian-based benchmarks for turtles. It is assumed that warm-
blooded birds and mammals are more sensitive to PCBs than sea turtles (and other reptiles) and 
the UF in Equation [12] was set to 1, but, in fact, it is not known whether this is true or not. 
Because the TRVs for loggerhead sea turtles were derived from a test species (mink) that 
differed from the receptor species, an AF=10 was used to account for species-to-species 
differences in toxicity (Equation [11], Table 10). 



                                                 



14 The equation for total PCB (tPCB = 2.19sumPCB + 2.19) was obtained by NOAA’s Status and Trends Program 
from a regression of empirical data from samples that were analyzed for both individual congeners (sumPCB) and 
total Aroclors (tPCB) (NOAA 1991). 
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5.1.3.4.4 Sharks and Barracuda 



For shark and barracuda the food chain benchmarks were based on the dietary dose that 
corresponded to the concentration in the diet that would result in the NOED or LOED 
concentration for the most similar species available from the ERED database (Appendix C. 
Search Results from ERED Database). The NOED was based on the no effect level reported for 
striped bass (Morone saxatilis, Westin et al. 1983) and the LOED was based on reduced growth 
to winter flounder (Pseudopleuronectes americanus) larvae (Black et al. 1998).  



Toxicological benchmarks for PCBs in shark and barracuda were developed using the 
ratio of Food Chain Multipliers (FCMs) between trophic level IV (TL-IV reef predator, e.g. 
shark) and Trophic Level III (TL-III reef forager, e.g. prey) obtained from USEPA (2000b). The 
FCMs apply to chemicals with logKow values between 4.0 and 9.0 and “reflects a chemical’s 
tendency to biomagnify in the aquatic food web” (U.S. EPA 2000b). The FCMs are used to 
account for relative increase of a contaminant in the food chain. The ratio between FCM for TL-
IV and TL-III gives the relative increase in contaminant concentrations between a TL-IV 
predator and its prey, assuming all the predator’s dietary requirements came from TL-III. The 
ratio was calculated by: 



FCMTotalPCB = Σ(fPCBi × FCM4i/FCM3i) [18]
where   



FCM4i = The TL-IV FCM for homolog i (i=1, 10) (U.S. EPA 2000). 
FCM3i = The TL-III FCM for homolog i (i=1, 10) (U.S. EPA 2000). 



fPCBi = The fraction of PCB present as homolog i (i=1, 10) in fish tissue 
(see Table 13) 



This formulation is weighted by the fraction of PCBs observed in fish tissue for each 
homolog group (Table 13, Figure 15) and assumes that the predator and its prey have the same 
relative distribution of PCBs in their tissues. Using the above ratio, the benchmark tissue 
concentrations for Total PCB in the diet of sharks/barracudas were calculated by setting the 
shark’s tissue concentration to the critical body residue NOED and LOED, and solving for the 
allowable tissue concentration in the diet of a shark or barracuda (DPREY, Table 20): 



SharkNOAEL = NOED/wFCMTotalPCB [19] 



SharkLOAEL = LOED/wFCMTotalPCB [20] 



The FCMs used to calculate the shark/barracuda benchmarks were based on assumptions 
about the conceptualized food chain for the reef represented by phytoplankton and encrusting 
algae (TL-I), sessile filter feeder (TL-II), planktivore (TL-II), forager (TL-III), and predator (TL-
IV) and that a steady state existed among PCB sources (PCB-containing materials) and PCBs in 
all the abiotic (sediment, pore water, water, suspended solids, dissolved organic carbon) and 
biological compartments. Assuming that the shark/barracuda feed 100% on fish, grouper 
(TL=3.95), triggerfish (TL=2.97), jack (TL=3.96), or flounder (TL=4.11, see Table 7), the 
shark/barracuda’s effective TL would range within 3.97 to 5.11 (from Equation [3]). The 
shark/barracuda NOED (2.52 mg/Kg wet weight) and LOED (4.066 mg/Kg wet weight) were 
about 8 and 2.5 times higher than the dolphin prey NOAEL and LOAEL benchmarks, 
respectively. The shark/barracuda benchmarks assumed that these large voracious predators had 
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the same sensitivity to PCBs as striped bass (Westin et al. 1983) and winter flounder (Black et al. 
1988) tested in the laboratory (Table 20). Because the TRVs were derived from test species that 
differed from the receptor species, an AF=10 was used to account for species-to-species 
differences in toxicity (Equation [11], Table 10). 



5.1.4 Analysis of Dioxin-like Toxicity 



Early toxicity studies on PCBs were conducted on technical Aroclors and effects were 
reported as a function of Total PCB or total Aroclor concentrations. In the last decade, evidence 
has been mounting that specific congeners are more toxic than others, especially the dioxin-like 
coplanar PCBs (Ahlborg et al. 1994, Van den Berg et al. 1998, Barney 2001). The TEQ is 
calculated by summing the products of the concentrations of individual coplanar congeners 
[PCBi] and their dioxin toxicity equivalency factors (TEFi):  



TEQ = Σ coPCBi × TEFij [21]



Where, TEFi expresses the potency of coplanar congener “i” to species “j” (fish, 
mammals, or birds) relative to TCDD (i.e., TCDD TEF=1). The World Health Organization (Van 
den Berg et al. 1998, EPA 1998) has established TEFs for fish, birds, and mammals that can be 
used in ecological risk assessments for the coplanar dioxin-like PCBs (Table 21, see TEF Table 
on U.S. EPA PCB web site).  



As explained above, the current version of PRAM only models the accumulation of PCB 
homologs not individual congeners. However, leach rate data was collected on individual 
congeners, including the coplanar congeners (except for PCB081) during the leachrate 
experiments (Table 22, George et al. 2005, 2006). Assuming that individual coplanar congeners 
behave in the same way as the homologs modeled in PRAM, the proportionality between the 
individual coplanar congener and corresponding homolog observed during the leachrate 
experiments (Table 23) was used to estimate the coplanar congener concentration present in the 
food chain modeled by PRAM: 



coPCBi = ww_HOMOCLj × fh_PCBi × 106 [pg PCB/g WW]  [22]
coPCBLi = lipid_HOMOCLj × fh_PCBi × 106 [pg PCB/g Lipid] [23]



Where    fh_PCBi = The fraction of homolog “j” accounted for by coplanar congener 
“i” observed in the leachrate experiments on a wet weight basis 
(Table 23) 



ww_HOMOCLj = The wet weight concentration of homolog “j” predicted by 
PRAM [mg/Kg WW] 



lipid_HOMOCLj = The lipid weight concentration of homolog “j” predicted by 
PRAM [mg/Kg Lipid] 



No data were available for PCB081, so the concentration of 3,4,4',5-tetrachlorobiphenyl 
(PCB081e) was estimated using the concentration of 3,3',4,4'-tetrachlorobiphenyl (PCB077) 
assuming that the ratio of PCB081 : PCB077 reported for lake trout (Salvelinus namaycush, 
Table 24, Cook et al. 2003) and pre- and postmigrating sockeye salmon (deBruyn et al. 2004) 
was applicable to the model results.  



PCB081e = R81:77 × PCB077 [24]
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Where   
R81:77 = Average ratio of PCB081/PCB077 reported by Cook et al. 



(2003) and deBruyn et al. (2004) 



 



The homolog concentrations for terta-, penta-, hexa-, and heptachlorobiphenyl predicted 
by PRAM were multiplied by the proportionality factor (fh_PCBi) to obtain the concentration of 
coplanar congeners, which were then multiplied by the respective TEFs to calculate TEQs for 
fish eggs and to assess dietary exposure to birds and mammals. Eggs and sac-fry larvae are the 
most susceptible life stage of fish to dioxin-like toxicity (deBruyn et al. 2004, Cook et al. 2003). 
Risk to fish from exposure to dioxin-like coplanar PCBs was evaluated by estimating the TEQ 
concentration that could be passed from female fish to eggs. Mortality to lake trout sac fry larvae 
(Salvelinus namaycush) has been reported at 30 pg TEQ/g egg (wet weight) and sublethal effects 
have been reported above 5 pg TEQ/g egg wet (Cook et al. 2003). Rainbow trout (Oncorhynchus 
mykiss) were found to be more sensitive with a no effect to egg mortality at 0.3 pg/g egg wet 
weight and low effect level of 3 pg/g egg lipid wet weight (deBruyn et al. 2004, see Table 14 and 
Table 15). Assuming that the coplanar concentrations obtained for fish species from PRAM 
represented tissue residues in female fish, the TEQ concentrations in eggs were estimated using 
the average egg to female transfer ratio for each coplanar congener (EFPCBi) calculated from data 
for lake trout and pre- and postmigrating sockeye salmon eggs and females reported in Cook et 
al. (2003) and deBruyn et al. (2004, Table 24). The fish egg TEQ (CEGG) was obtained by: 



 



TEQ_eggL = Σ coPCBLi × EFPCBi × TEFi(fish)  [pg TEQ/g egg lipid] [25] 
TEQ_eggW = TEQ_eggL × f_eggLIPIDw  [pg TEQ/g egg wet weight] [26] 



Where    
f_eggLIPIDw =  = 0.1091 the average mass fraction of lipid:wet weight in eggs (roe) 



reported from literature (see Table 24C) 
 



 



EFPCBi =         [PCBi] pg/ g lipid egg tissue 
[PCBi] pg/ g lipid female muscle tissue  



[27] 



TEFPCBi(Fish) = Fish dioxin TEF for coplanar congener “i”  



 



The TEQs for dietary exposure were calculated to assess the risk of dioxin-like exposure 
to fish eating birds and mammals (see Table 16, Table 17, and Table 18).  



TEQB = Σ [coPCBi] × TEFPCBi(Bird) [pg TEQ/g ww] [28] 
TEFPCBi(Bird) = Avian dioxin TEF for coplanar congener i  



and    
TEQM = Σ [coPCBi] × TEFPCBi(Mammal) [pg TEQ/g ww] [29] 



TEFPCBi(Mammal) = Mammalian dioxin TEF for coplanar congener i  



 



 5-13





http://animaldiversity.ummz.umich.edu/site/accounts/information/Salvelinus_namaycush.html


http://animaldiversity.ummz.umich.edu/site/accounts/classification/Oncorhynchus.html


http://animaldiversity.ummz.umich.edu/site/accounts/classification/Oncorhynchus.html








 



The predicted concentrations of TEQs in fish eggs, and prey of birds and mammals were 
compared to fish egg (Table 14 and Table 15), avian (Table 16 and Table 17), and mammalian 
(Table 18) TEQ benchmarks. Because the TEQ benchmarks were derived from test species that 
differed from the receptor species expected to be present at the reef, an extra level of 
conservatism was achieved by applying an AF=10 to account for species-to-species differences 
in sensitivity to TEQ exposure (Table 10). 



 



 



 
Photo by Keith Mille (keith.mille@MyFWC.com) Florida Fish & Wildlife Conservation 
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6. Risk Characterization 
This section characterizes the ecological risk by comparing the exposure point 



concentrations estimated by the models to the benchmarks developed to be protective of the 
ecological assessment endpoints. Following a description of the procedures and evaluation 
criteria used in the risk analysis the risks from water, sediment, tissue residue, and dietary 
exposure to Total PCB and dioxin-like TEQs are characterized and discussed. 



6.1 Ecological Risk Analysis 



The ecological effects benchmarks (Table 10) define the boundaries of the threshold 
concentrations that and would raise “sufficient concern regarding adverse ecological effects” 
(U.S. EPA 1996a) if exceeded. For each effect level, two benchmarks were developed to define 
the lower and upper bound of the threshold that may cause adverse effects (U.S. EPA 1998c). 
These benchmarks were used to assess potential ecological risks to the assessment endpoints 
associated with the artificial reef (Table 3). Risks from sediment and water exposures modeled 
by TDM and PRAM were evaluated by comparing the predicted concentrations to the sediment 
and water benchmarks. Risks to primary producers, primary consumers, secondary consumers, 
and tertiary consumers of the reef were evaluated by comparing the exposure point 
concentrations to benchmarks protective of tissue residue exposures. Risks to reef consumers 
were evaluated by benchmarks protective of dietary exposure. 



The risk analysis consisted of two components: a graphical analysis and a hazard quotient 
analysis. The data predicted by the TDM/PRAM models were plotted as time series from 0 – 730 
days following sinking to represent the transient release period followed by the steady state 
condition predicted by PRAM for ZOI=2 (plotted as “Day 770”) and ZOI=1 (plotted as “Day 
800”). Simulated data for water, sediment, and tissue residues for the pelagic, benthic, and reef 
communities were plotted on the time series plots along with the lowest applicable benchmark(s) 
(if the benchmark(s) fell within the scale of the data plotted). The average and minimum to 
maximum range of PCB concentrations obtained from the EMAP and IMAP data were also 
plotted on the plots of tissue residues to compare modeled data to regional and background 
concentrations.  



To quantify the potential for ecological risk, an ecological hazard quotient15 (HQ) was 
calculated for each receptor in a given exposure pathway, where the HQ is the ratio between the 
potential exposure level (concentration or dose C) and the ecological effects benchmark (B):  



HQ = C / B [30]
And          HQ* = C / B* [31]



                                                 



15 Because Total PCB is really the sum of all 209 individual congeners, the hazard quotient can also be thought of as 
a hazard index (HI). 
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Where C is the exposure concentration predicted using the models and B is the 
benchmark concentration that, when exceeded, have been associated with causing ecological 
effects (i.e. values in Table 10). The HQ* is the hazard quotient adjusted for assessment factor 
(AF) uncertainties (see Equation [11]). When HQ or HQ* are < 1 the chemical is below 
potentially harmful exposure indicated by the benchmarks (B, B*) and the quotient represents the 
fraction of exposure relative to the benchmark. When HQ or HQ* are ≥ 1 the chemical is above 
potentially harmful exposure indicated by the benchmark and the quotient represents the factor 
above the benchmark.   



6.2 Evaluation Criteria 



The range of potential effects from no effect to low effect defined by the benchmarks was 
used to characterize risk. The exposure point concentrations estimated by PRAM were compared 
to the conservative and less conservative benchmarks for each applicable exposure pathway and 
assessment endpoint (Table 25). The following diagram depicts the evaluation criteria used for 
the risk analysis:  



Does exposure point concentration 
exceed most conservative (no effects 
level) benchmark?



Exposure Point Estimate from PRAM 
for assessment endpoint



No indication of 
risk to assessment 
endpoint



No



Yes



Does exposure point concentration 
exceed less conservative (low effects 
level) benchmark?



No Indication of risk relative 
to conservative benchmark



Yes



Indication of risk relative to 
less conservative benchmark



Evaluate existing toxicological 
data to aid interpretation of 



ecological risks



Does exposure point concentration 
exceed most conservative (no effects 
level) benchmark?



Exposure Point Estimate from PRAM 
for assessment endpoint



No indication of 
risk to assessment 
endpoint



No



Yes



Does exposure point concentration 
exceed less conservative (low effects 
level) benchmark?



No Indication of risk relative 
to conservative benchmark



Yes



Indication of risk relative to 
less conservative benchmark



Evaluate existing toxicological 
data to aid interpretation of 



ecological risks
 



 



If the exposure point concentration did not exceed the most conservative benchmark (e.g. 
no effect level), the risk analysis concluded that there was no indication of risk to the assessment 
endpoint. If the exposure point concentration exceeded either the most conservative or less 
conservative benchmark (e.g. low effects level) an indication of risk relative to that benchmark 
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was suggested. For example, exposure point concentrations that exceed the no effect level but 
not the low effect level would be an indication that the lower bound of the effect threshold had 
been exceeded. The available toxicological data were evaluated to aid in the interpretation of 
ecological risks. The evaluation was conducted by comparing the exposure point estimate from 
PRAM to the toxicological data from the scientific literature. 



6.3 Risk from Water Exposure 



The time series of Total PCB concentrations predicted by the TDM for bulk water 
concentrations in the upper water column (UWC), lower water column (LWC), and sediment 
pore water (PW) within 0 - 15 m of the ship for the first two years following sinking and the 
steady state concentrations predicted by PRAM with a ZOI=2 and ZOI=1 and the water quality 
benchmarks are shown in Figure 19. Predicted concentrations for the UWC, LWC, and PW were 
more than an of magnitude below the water quality benchmarks for the 0-2 yr and steady state 
exposure periods, and resulted in HQs < 0.1 during both exposure scenarios (see Appendix D. 
Media Concentrations and Hazard Quotients Calculated for 0-2 Years and Steady-State 
Ecological Risks). Similar results were obtained for 0-2 yr and steady state exposures from 
UWC, LWC, and PW modeled for 0-45 m and ZOI=5 from the ship (Figure 20, Appendix D.1). 
The HQs calculated for these exposure levels were also below HQ < 0.1 (data not shown).  



The Total PCB concentrations simulated for the IVW were about 3 orders of magnitude 
higher than the LWC concentrations and were higher than the chronic (WQC-Chronic) and 
wildlife water quality (GLWLC-Tier1) benchmarks; the IVW concentrations did not exceed the 
acute water quality criteria for Total PCB (Figure 21). During the 0-2 yr period the IVW ranged 
from 2.4 × 10-4 to 6.74 × 10-4 mg/L, the steady-state concentration was slightly higher at 
6.9 × 10-4 mg/L (Table 9). As was noted previously, the IVW steady-state concentration did not 
change as function of ZOI (see Appendix B), it remained constant with an HQ=23 for WQC-
Chronic, HQ=9 for GLWLC-Tier1, and HQ<0.1 for WQC-Acute (see Appendix D.2 Hazard 
Quotients of Total PCB for Media Within 0-15 m of the Hull).  



The exposure point estimate for IVW was compared to toxicological data on water 
exposure to PCBs. The toxicity data developed in support of WQC are shown in Figure 22 and 
Table 26. Figure 22 shows the lognormal cumulative distribution of effects to marine organisms 
from water exposure to Aroclor 1254 (magenta circles and curved line), the benchmarks for 
water exposure (yellow ), and the exposure point estimate for IVW (PRAM IVW, blue ) 
based on steady state conditions. Toxicity data (circles) are from US EPA 1980, Ambient Water 
Quality Criteria for Polychlorinated Biphenyl. Based on the data available, Aroclor 1254 is the 
most toxic Aroclor. Since the IVW exceeded the WQC-Chronic benchmark, is it appropriate to 
use the toxicity data used to support the criterion (U.S. EPA 1980) to evaluate potential 
ecological effects. The IVW concentration predicted by PRAM was at the lower end of the range 
of concentrations that caused toxicity in laboratory studies. The modeled IVW concentration 
exceeded chronic toxicity levels associated with early life cycle development and reproduction 
(28-day) of sheepshead minnows and community development of marine organisms (Table 26, 
Figure 22, U.S. EPA 1980).  
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It is reasonable to assume that the toxicity of technical Aroclor 1254 tested under 
laboratory conditions is similar to the toxicity of Total PCBs leached from the ship and modeled 
by PRAM, because the Aroclor mixtures were the “Total PCB” exposed during the bioassay tests 
and weathering or biodegradation of PCBs is not included in the PRAM model. There is also 
uncertainty about interspecies differences and the differences between controlled laboratory 
experiments and actual situations in the real world.  



The IVW compartment was a necessary model construct to link PCB releases from solid 
materials inside the ship to water surrounding the reef. Because of the limited exchange between 
the interior water and the lower water column surrounding the reef, the interior compartments 
within the deeper recesses of the vessel would not be expected to be readily colonized by 
vertebrate and invertebrate reef species that need a constant source of food from the outside of 
the vessel. Therefore, it was assumed that the predominant route of exposure from the interior 
water would be from bioaccumulation and trophic transfer in the food chain rather than effects 
from direct toxicity. The risk of exposure from the interior water and release of PCBs from the 
solid materials left on the ship were evaluated by the impact on exposure levels in the lower 
water column, upper water column, sediment, and the accumulation of PCBs in the biota living 
at the reef. 



Based on the HQs obtained for evaluating exposures to reef organisms from PCBs in the 
lower water column, upper water column, and sediment pore water (Table 27) there was no 
indication of risk to marine life resident at the reef. Contact with elevated exposures modeled for 
internal vessel water was identified as the most important pathway for bioaccumulation and trophic 
transfer in the food chain.   



6.4  Risk from Sediment Exposure 



Time series of Total PCB concentrations predicted by the TDM for sediment within 0-
15 m of the ship for the first two years following sinking and the steady state concentrations 
predicted by PRAM with a ZOI=2, and ZOI=1 and the State of Florida sediment quality 
benchmarks are shown in Figure 23A. Predicted concentrations were more than 3 orders of 
magnitude below the sediment quality benchmarks for both the 0-2 yr and steady state exposure 
periods, and resulted in HQs < 0.1 (see Appendix D.2). 



Similar results were obtained for sediment exposure predicted for short-term and long-
term exposures modeled for 0-45 m (ZOI=5) from the ship (see Figure 23B). The HQs calculated 
for these exposure levels were all well below HQ < 0.1 (data not shown). 



Based on the data available for evaluating sediment exposures to reef organisms, there 
was no indication of risk from PCBs in sediment to marine life at the reef.  



6.5  Risk from Tissue Residue Exposure 



The outputs of the TDM/PRAM were used to evaluate 0–2 yr risks for communities 
within 0 - 15 m, 0 - 45 m, and 0 - 60 m of the vessel; steady-state risks were evaluated using 
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outputs from PRAM with ZOI=2 and ZOI=1 (0-15 m), ZOI=5 (0 - 45 m, 0 - 60 m). The modeled 
concentrations were compared to the ecological risk benchmarks to evaluate potentially harmful 
exposures to PCBs. The tissue residues predicted in reef biota were compared to the TSV and 
BCV benchmarks to evaluate potential bioaccumulation effects to residents of the reef. The tissue 
residues predicted for primary consumers, secondary consumers, and tertiary consumers were 
compared to the NOED and LOED benchmarks protective of critical body residues for PCBs. 
Dietary exposure of Total PCB to reef and avian consumers was evaluated by comparing 
predicted prey concentrations to the dietary NOAEL and LOAEL benchmarks derived for 
herring gulls, cormorants, sea turtles, dolphins, and sharks/barracudas.  



Estimates of TEQ exposure were obtained by assuming that dioxin-like coplanar 
congeners would be present in same congener:homolog proportion observed in the leachrate 
experiments (Table 23, George et al. 2005, 2006). Potential risks from dietary exposure of TEQs 
to gulls, cormorants and dolphins were evaluated by comparing modeled tissue concentrations in 
prey to TEQ dietary benchmarks for those species. Potential risks of TEQ exposure to fish eggs 
and sac-fry larvae, the most sensitive life stage of fishes to TEQ toxicity, were evaluated by 
predicting the maternal transfer of TEQs to fish eggs and comparing the resulting fish egg 
concentrations to sensitive egg residue benchmarks for TEQ exposure. 



6.5.1 Exposure to Total PCB 



The time series of Total PCB concentrations predicted by PRAM for the pelagic, benthic, 
and reef communities within 0-15 m of the reef for the first two years following sinking and the 
steady state concentrations with ZOI=2 and ZOI=1 are shown in Figure 24, Figure 25, and 
Figure 26, respectively. The figures also show the tissue concentrations of Total PCB obtained 
from EMAP and IMAP studies (Table 1). The data for Atlantic croaker (white symbols) and spot 
(yellow symbols) are average (min and max) for all data from the Louisianan Province (LP, 
diamond), Gulf Coast of Florida (LP-FLA large square), and Carolinian Province (CP, circles). 
The IMAP data are for three samples of sea trout, spot, and sea pig collected offshore from 
Pensacola (small squares). The most conservative benchmark, the AF-adjusted dolphin 
benchmark (DolphinNOAEL/AF, Equation [11]) for consumption of prey, is also shown. 



6.5.1.1 Modeled Concentrations 



The modeled tissue residues for Total PCB in the pelagic community (Figure 24) showed 
that the top-level predators, jack (1.0 × 10-3 mg/Kg WW) and herring (0.6 × 10-3 mg/Kg WW) 
had about an order of magnitude higher PCBs than zooplankton (1.0 × 10-4 mg/Kg WW) and 
seven orders of magnitude higher than phytoplankton (2.0 × 10-12 mg/Kg WW), reflecting the 
biomagnification expected for PCBs. The highest concentrations were predicted from the steady 
state condition modeled by PRAM (ZOI=1) which were below the background concentrations of 
PCBs reported from EMAP and IMAP and below the ecological risk benchmarks protective of 
the pelagic community and reef consumers (Figure 24, Table 9, Appendix D.1). 



The models predicted slightly higher tissue concentrations for the benthic community 
(Figure 25, Table 9, Appendix D.1). The highest concentrations were obtained from the steady 
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state condition predicted by PRAM with ZOI=1. The top predator for the benthic community, 
flounder (1.2 × 10-3 mg/Kg WW), had the highest concentrations of PCBs followed by lobster 
(3.5 × 10-4 mg/Kg WW), epifauna (1.5 × 10-4 mg/Kg WW), and infauna (5.5 × 10-5 mg/Kg 
WW). The tissue concentrations predicted for the benthic community within 0-15 m of the ship 
were also below background levels and ecological risk benchmarks (Figure 25). 



The predicted tissue concentrations for the reef community are shown in Figure 26. The 
time dynamic pulse showed a peak in tissue concentrations after six months for TL3 and TL4 
predators, but the highest concentrations were predicted for the steady state condition (PRAM 
with a ZOI=1). The predicted concentrations for the upper trophic level species were within the 
range of background concentrations reported from the EMAP and IMAP data. The highest 
concentrations were predicted for grouper (1.2 × 10-1 mg/Kg WW), triggerfish (6.7 × 10-2 mg/Kg 
WW), crab (3.7 × 10-2 mg/Kg WW), and urchin (1.7 × 10-2 mg/Kg WW). The maximum tissue 
concentrations predicted for grouper, triggerfish, crab, and urchin exceeded the average 
concentrations reported for Atlantic croaker from LP, but the modeled concentrations did not 
exceed the maximum PCB level reported for LP. Only the concentrations predicted for grouper 
exceeded the maximum PCB concentrations reported for LP-FLA (Table 1).  



Sea urchin, crab, triggerfish, and grouper exceeded the AF-adjusted dolphin benchmark 
(DolphinNOAEL/AF) for consumption of prey. At two weeks, sea urchin and crab tissue 
concentrations were above the dolphin benchmark, after one month sea urchin, crab, and 
triggerfish tissue concentrations exceeded the dolphin benchmark, but after one year and two 
years only grouper tissue concentrations exceeded the dolphin benchmark. At steady state 
grouper, triggerfish, and crab tissue concentrations were above the dolphin benchmark (Figure 
26). 



Tissue residues for the pelagic community predicted by PRAM based on TDM output for 
0-45 m and 0-60 m from the ship and steady state concentrations predicted by PRAM with a 
ZOI=5 were similar to the results for the pelagic, benthic, and reef communities (Appendix D.1 
Media Concentrations for Total PCB). Concentrations predicted for the community within 
0-45 m of the ship were very similar to the concentrations predicted for the community within 
0-15 m of the ship. Likewise, concentrations predicted for the community within 0-65 m of the 
ship changed very little. The highest changes in PCB concentrations were in the predictions for 
the steady state conditions.  



6.5.1.2 Hazard Quotients for Total PCB 



The HQs for Total PCB obtained for all the benchmarks for 0-2 yr (0-15 m from hull) 
and steady-state (ZOI=1) exposures are tabulated in Appendix D.2. Potential effects from 
bioaccumulation were evaluated by calculating the HQs for TSV and BCV (Figure 27). The HQs 
obtained for bioaccumulation effects showed no indication of risk. The TSV and BCV were all 
below HQ = 0.10, except for the TSV HQ calculated for grouper (HQ = 0.26) and triggerfish 
(HQ = 0.15).  



Effects from exceeding critical body residues of Total PCB in fish and invertebrates were 
evaluated by calculating the HQ*s for the NOED and LOED (the benchmarks for critical body 
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residues were adjusted for AF uncertainties, see Equation [11]). The HQ*s for critical body 
residues were all below HQ*=1.0 (Figure 28, Table 27), suggesting that there is no indication of 
risk from harmful tissue residues to primary, secondary, and tertiary consumers at the reef. 



Effects from dietary exposure to dolphins, cormorants, herring gulls, sea turtles, and 
sharks/barracudas were evaluated by calculating the AF-adjusted HQ*s for the NOAEL (Figure 
29) and LOAEL (Figure 30). The HQ*s for dolphin consumption of crab, triggerfish, and 
grouper, cormorant consumption of grouper, and herring gull consumption of grouper exceeded 
HQ*=1.0 for the no effect level (NOAEL, Table 27). All of the HQ* obtained for the LOAEL 
were less than one (Figure 30). The HQ* > 1 for dolphins, cormorants, and herring gulls is an 
indication of risk, however, the low effect thresholds (LOAEL) were not exceeded. The dietary 
benchmarks are based on the assumptions that 100% of the predators’ food comes from the reef 
and that the predators will remain on the reef for their entire life span (or at least until they reach 
equilibrium with the exposure levels).  



Based on the data available for evaluating Total PCB tissue exposures to reef organisms, 
there was no indication of risk to primary producers, primary consumers, secondary consumers, 
tertiary consumers, loggerhead turtles, or sharks/barracudas present at the reef. Dietary exposure 
to dolphins, cormorants, and herring gulls exceeded the no effect threshold indicating potential 
risk, but because the assessment assumed that these species would be permanent reef residents 
feeding exclusively from the reef, it is likely that actual exposures would be much lower.  



6.5.2 Exposure to Dioxin-like TEQ 



The exposure to dioxin-like coplanar congeners to birds and mammals was evaluated 
using the dietary AF-adjusted HQ*s calculated from the modeled TEQs in prey of dolphins, 
cormorants, and herring gulls (Appendix D.4). The mammalian TEQs calculated in the reef biota 
ranged from 0.37 and 0.19 pg TEQ/g WW for grouper and triggerfish to less than 0.01 pg TEQ/g 
WW for the other organisms (Figure 31). The avian TEQs were slightly higher, 0.45 pg TEQ/g 
WW for grouper, 0.38 pg TEQ/g WW for triggerfish, and 0.27 pg TEQ/g WW for crab (Figure 
32). The avian TEQs were slightly higher than those obtained for mammals because the avian 
TEFs for tetrachlorobiphenyl congeners PCB077 and PCB081 are higher than the mammalian 
TEFs (Table 21) and those congeners accounted for about 65% and 10% of the avian TEQ, 
respectively. The mammalian TEQ was comprised of mainly penta-congeners PCB105 (66%) 
and PCB114 (12%). The HQ*s calculated for dietary exposure to were < 1.0 for dolphins (Figure 
33), and < 0.1 for cormorants and gulls (Figure 34 and Figure 35, respectively). These results 
showed no indication of risk from TEQ exposure to dolphin and avian consumers at the reef. 



TEQ exposure to fish eggs and sac-fry larvae, the most sensitive life stage of fishes to 
TEQ toxicity, was calculated based on the maternal transfer of TEQs to fish eggs on a wet 
weight and lipid weight basis (Table 10B). The fish egg TEQ was highest for grouper and 
triggerfish for both the wet weight (Figure 36) and lipid weight calculations (Figure 37). 
Pentachlorobiphenyl congener PCB105 accounted for about 75% of the fish egg TEQ. The HQ*s 
for TEQ effects to fish eggs and sac-fry larvae were below 1.0 for both the wet weight (Figure 
38) and lipid-based benchmarks (Figure 39), suggesting that there was no indication of risk from 
TEQ exposure to fish eggs that are laid and hatched at the reef. 











 



Based on the data available for evaluating TEQ exposures to dolphin, birds, and fish 
eggs, there was no indication of risk from exposure to TEQ in the diet of dolphins and birds and 
the maternal transfer to fish eggs.  



6.5.2.1 Uncertainty About Dioxin-Like Toxicity 



The main source of uncertainty about the TEQ analysis was that coplanar congeners were 
not modeled directly, their concentration was estimated by assuming that the proportionality 
between the coplanar congeners and the homologs observed in the leachrate experiments was 
constant and preserved in the food chain. This hinges on the assumption that the behavior of the 
coplanar congeners is mostly controlled by the physiochemical properties modeled within 
PRAM, specifically molecular weight, solubility, vapor pressure, Henry’s Law constant, Kow, 
Koc, and Kdoc. Since these parameters are used for the homolog, which has very similar properties 
to the congeners within a homolog group (Hawker and Connell 1988), these are probably pretty 
good estimates for the individual congeners. However, PRAM does not model 
biotransformations or varying elimination rates that may occur and biodegradation was set to 
zero for the PRAM simulations conducted for this risk assessment. The proportionality 
assumption is a conservative estimate, if the bioaccumulation of coplanar congeners is equal to 
or less than what is expected for the homolog group.  



Other studies have shown that coplanar and non-coplanar PCBs accumulate in relatively 
the same manner in marine food webs. Fisk et al. (2001) reported on food web biomagnification 
factors (FWMF, see EQU [38]) from the Northwater Polyna in the Arctic for 36 congeners 
including some of the coplanar congeners (PCB105, PCB118, PCB156, and PCB180); 
Mackintosh et al. (2004) described the trophic transfer of PCB018, PCB099, PCB118, PCB180, 
PCB194, and PCB209 for a coastal marine food web in False Creek Harbor, British Columbia; 
and Wan et al. (2005) reported FWMF for dioxins, furans, and dioxin-like coplanar PCBs 
(including one non-coplanar PCB169) in the marine food web of Bohai Bay, China. These data 
represent a wide range of marine systems for comparing the biomagnification factors predicted 
by PRAM. The average FWMFs determined for coplanar and non-coplanar congeners were 
similar for tetra-, penta- (Figure 40), hexa-, and heptachlorobiphenyls (Figure 41). In addition the 
FWMFs obtained from PRAM for the pelagic, benthic, and reef communities spanned the range 
of FWMFs reported for coplanar and non-coplanar congeners from the other studies cited above 
(Figure 42). 



This bolsters the assertion that dioxin-like coplanar congeners are present in the food web 
in proportion to homologs, or at least, the assumption is not underestimating the presence of 
dioxin-like congeners. Wan et al. (2005) reported the FWMF for the coplanar PCBs were much 
higher than the FWMFs obtained for dioxins and furans, probably due to the metabolic 
transformations that lead to elimination and lower half-lives of dioxins and furans than for PCBs. 
Wan et al. (2005) found that the FWMF for hexachlorobiphenyl coplanar congeners PCB156, 
PCB157, and PCB167 were much lower (3.55, 3.7, and 3.37, respectively) than the non-coplanar 
PCB169 (12.26). Mackintosh et al. (2004) reported similar FWMFs for pentachlorobiphenyl of 
6.98 (3.77 – 12.81 95% CL) for coplanar congener PCB118 and 4.89 (2.85 – 9.39 95% CL) for 
non-coplanar congener PCB099. In a study of the uptake of sediment bound PCBs by carp 
(Cyprinus carpio) Moermund et al. (2004) reported data that showed pentachlorobiphenyl 
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coplanar congeners PCB105 and PCB118 were bioaccumulated about half as much as the non-
coplanar congener PCB101, however it is not possible to tell whether this was due to differential 
desorption from the sediment or biotransformations in the fish. 



Another source of uncertainty was that PCB123, PCB126, PCB169, and PCB189 were 
not detected during the leachrate experiments so these compounds did not contribute to the TEQs 
calculated. Because the leachrate experiments were following a chemical process (George et al. 
2005, 2006), normal methods for estimating non-detected concentrations based on sampling 
theory are not applicable. Therefore no attempt was made to estimate concentrations for the non-
dected congeners. 



6.6  Summary of Findings 



The outputs of the TDM/PRAM and PRAM models were used to evaluate PCB 
exposures to the pelagic, benthic, and reef communities as well as dolphins, sea birds, sea turtles, 
and shark/barracuda that may be attracted to feed and forage on the reef. Predicted sediment and 
water concentrations showed no indication of risk for both the 0-2 yr and steady-state exposure 
periods. Contact with elevated PCB concentrations modeled for the internal vessel water were 
identified as the most important pathway for bioaccumulation and trophic transfer in the food 
chain. Tissue concentrations predicted for the pelagic and benthic community were below 
expected background PCB concentrations determined from EMAP and IMAP data. The modeled 
concentrations in the upper trophic level of the reef community were within the range of 
background PCB values for the Gulf of Mexico.  



The Total PCB exposure levels predicted by the models showed no indication of risk to 
plants, invertebrates, fishes, sea turtles, and sharks/barracudas that could live, feed, and forage on the 
reef (Table 27). The no effect threshold for Total PCB exposure in the diet of dolphins, 
cormorants, and herring gulls was exceeded, but, because the assessment assumed that dolphins, 
cormorants, and herring gulls would be life-long residents of the reef and would obtain 100% of 
their food requirements from the reef, it is likely that actual exposures would be much lower. 



Estimates of TEQ exposure were obtained by assuming that dioxin-like coplanar 
congeners would be present in same congener:homolog proportion observed in the leachrate 
experiments. Potential risks from dietary exposure of TEQs to gulls, cormorants and dolphins 
were evaluated by comparing modeled tissue concentrations in prey to TEQ dietary benchmarks 
for those species. Potential risks of TEQ exposure to fish eggs and sac-fry larvae, the most 
sensitive life stage of fishes to TEQ toxicity, were evaluated by predicting the maternal transfer 
of TEQs to fish eggs and comparing the resulting fish egg concentrations to sensitive egg residue 
benchmarks for TEQ exposure. There was no indication of risk from TEQ exposure to dolphins, 
sea birds, or fish eggs and larvae. 
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7. Uncertainty 
We demand rigidly defined areas of doubt and uncertainty! 



Douglas Adams 



The purpose of this section is to summarize the sources of uncertainty, identify 
procedures and precautions taken to reduce uncertainty, and discuss the ramifications of 
uncertainty in the conclusions drawn from the risk characterization. This section provides a 
concise summary of major sources of uncertainty identified during the risk assessment. Specific 
sources of uncertainty were discussed throughout the document and are, therefore, not repeated 
here. The major sources of uncertainty in the risk assessment arise from errors in making 
assumptions and conceptualizing the models, errors made during parameter estimation, errors 
from inaccurate model predictions, and an incomplete understanding of the ecosystem modeled. 



7.1 Contaminant Source Terms for ex-ORISKANY 



As was discussed in Section 3.2.5, the ex-ORISKANY underwent an extensive cleanup 
program in accordance with the draft Best Management Practices for Preparing Vessels Intended 
to Create Artificial Reefs (U.S. EPA and MARAD 2004, NAVSEA 2005a). Many PCB 
containing materials were removed from the ship, but some materials remained on the ship and 
there is uncertainty about the amount of materials, the fraction of PCBs contained in the 
materials, and the rate at which PCBs will be leached out. The upper bound of the mass fraction 
in the PCB materials was estimated using jack-knife and bootstrap methods and the 95th 
percentile or maximum leach rates were used for the materials so these represent the upper 
bound, or worst case of what could be leached from the vessel (NEHC/SSC-SD 2006a, b). The 
uncertainty about the materials left on board was evaluated with PRAM by varying the amount 
of bulkhead insulation (BHI) left onboard the ship. The BHI had the highest leach rate of any of 
the materials tested, so varying the amount of BHI directly affects the amount of PCBs released 
per day (ng/day) into the model. The default mass of BHI on the ship (14,379 Kg) was increased 
to the amount present before cleanup (52,478 Kg), an intermediate amount (26,000 Kg) and 
reduced to 10% of the precleanup mass (5,247 Kg), and removed completely (0 Kg) to evaluate 
the effect of PCB loadings on PRAM predictions. 



Changing the amount of BHI on the ship changed the release rate and the concentrations 
of biotic and abiotic media changed in a linear fashion (Figure 43, Appendix E2 PCB Release 
Rate). The original amount of BHI onboard the vessel prior to cleaning (100% BHI) increased 
the biota and abiotic media by about a factor of 3 above the default levels and removing the BHI 
completely (0% BHI) reduced tissue concentrations by about a factor of 4.5 from the default 
levels. Most notably, triggerfish and flounder PCB concentrations were reduced by a factor of 7 
when all BHI was removed. Removing all BHI also reduced interior vessel water and lower 
water column PCB concentrations by a factor of 2.6 and sediment concentrations by a factor of 
2.2 from the default levels. If all the BHI were removed, the HQ* obtained for the dolphin 
dietary NOAEL (DolphinNOAEL*, the most sensitive benchmark) would change from the default 
value of 3.6, 2.1, and 1.1 for dolphin consumption of grouper, triggerfish, and crab, to 0.6, 0.3, 











 



and 0.2, respectively. If 100% of the BHI would have been left on the vessel the HQ* for dolphin 
consumption of grouper, triggerfish, and crab would be 11.4, 6.8, and 3.7, respectively. The HQ 
obtained for IVW divided by the chronic water quality criteria benchmark decreased from 13.8 
to 8.6, when the BHI was removed, and increased to 23.0 when 100% of the BHI was left on 
board. 



7.2 Uncertainty About Water and Sediment Exposure 



Release of PCBs from the ship and build up in the water and sediment around the reef is 
controlled primary by the bottom currents. Higher bottom currents will increase the rate PCBs 
are moved out of the ship and higher bottom currents will also increase the rate that PCBs are 
advected out of the model domain (NEHC/SSC-SD 2005b, 2006b). On the other hand, lower 
currents will move less mass, but the lower currents will increase the residence time of PCBs and 
allow more PCBs to be sorbed onto sediments and accumulated within the food chain. The 
uncertainty about water and sediment exposure was evaluated as function of bottom current. In 
PRAM the bottom current is used to calculate the speed with which water moves through the 
ZOI directly affecting the residence time and the advection rate of PCBs out of the system. The 
default bottom current of 926 m/h was decreased by half (465 m/h) and by a factor of 10 (93 
m/h) and increased by doubling (1858 m/h) and by a factor of 10 (9260 m/h) to evaluate the 
effect on the PCB concentrations in biotic and abiotic media of the model16 (Figure 44, Appendix 
E1 Bottom Current).   



Linear changes in the speed of the bottom current resulted in linear changes to the PCB 
concentrations of the abiotic media and the biological components of the pelagic and benthic 
communities. The lower the current – the higher the predicted PCB concentrations (except for 
IVW which did not change). Halving the bottom currents doubled the PCB concentrations in the 
lower water column and sediment and quadrupled the concentrations in the upper water column, 
which resulted in about twice the residue levels in the pelagic and benthic communities. The 
effect was the same in the other direction – increasing bottom currents by a factor of 2 halved the 
sediment and lower water column concentrations, decreased the upper water column by a factor 
of 4 and reduced PCB levels in the pelagic and benthic communities by about a factor of 2.  The 
hazard quotients calculated for the pelagic and benthic communities changed by the same 
proportion as was applied to the bottom currents, for example, reducing the bottom currents by a 
factor of 10 increased pelagic and benthic hazard quotients by a factor of 10, and increasing 
bottom currents by a factor of 10 decreased pelagic and benthic hazard quotients by a factor of 
10. The PCB levels in the upper trophic levels of the reef community did not appreciably change 
as a function of the bottom currents, because their residues were controlled by contact with IVW. 
The hazard quotients for grouper, triggerfish, crab, and urchin were reduced by 20% when the 
bottom current was increased by factor of 10 and increased by 3% when the bottom currents 
were decreased by a factor of 10. 



                                                 
16 In the PRAM documentation the exchange between interior vessel water and lower water column was defined as 
being proportional to the bottom currents, but in PRAM 1.4c the exchange rate between interior water and the lower 
water column remained constant at 9.26 m/h for all values of bottom current tested. 
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7.3 Uncertainty about Food Chain 



The food chain modeled by PRAM is a simplification of a very complex ecosystem. Each 
“species” modeled by PRAM is meant to be representative of a vast range of organisms that are 
associated with the reef. Due to the structure of the model, the overriding factor governing PCB 
accumulation in the food chain is through contact with the interior water of the ship. While the 
interior of the vessel was not considered a viable habitat, it is certainly plausible that certain 
organisms may colonize the interior of the vessel and live out their lives relatively isolated from 
the rest of the reef. Mobile organisms, like fish, octopi, crabs, echinoderms, and other 
invertebrates may also use the interior of the vessel to escape predators, sleep, or just simply 
hang out. To address the worst-case exposure from PCBs in the interior water of the vessel, the 
default IVW exposure for bivalves (0%) was changed to 50% and 99%.17  



The effect on PCB concentrations in biota as function of increasing bivalve exposure to 
interior vessel water is shown in Figure 45 and tabulated in Appendix E3 Bivalve Exposure to 
Interior Vessel Water. The bivalve tissue concentrations increased by a factor of 175 and 346 as 
the exposure to IVW was increased to 50% and 99%, respectively. In addition, urchin, crab, 
triggerfish, and grouper also increased by about a factor of 3 and 5 as a result of increasing the 
bivalve’s exposure to IVW of 50% and 99%, respectively. This was because bivalves comprised 
20% of the diet for urchins, 35% of the diet for crabs, and 19% of the triggerfish’s diet, and 
through dietary transfers, 16% of the grouper’s diet.  



Increasing the IVW exposure to bivalves caused tissue residues predicted for the reef 
community to exceed effects benchmarks. For 99% exposure to IVW the following HQ*s were 
calculated (Appendix E3 Bivalve Exposure to Interior Vessel Water): 



• Bivalve tissue residues exceed the DolphinNOEAL* benchmark (HQ*=1.7);  



• The HQ*s for sea urchin tissue residues were greater than 1 for DolphinNOEAL*, 
NOED*, CormNOEAL*, and GullNOEAL*;  



• Crab had HQ*s>1 for DolphinNOEAL*, NOED*, CormNOEAL*, GullNOEAL*, 
LOED*, and DolphinLOEAL*;  



• Triggerfish had HQ*s>1 for DolphinNOEAL*, NOED*, CormNOEAL*, GullNOEAL*, 
DolphinLOEAL*, LOED*, TurtleNOEAL*, and SharklNOEAL*; and  



• Grouper had HQ*>10 for DolphinNOEAL* (HQ*=16) and HQ*>1for most of all 
the other benchmarks.



This represents an extremely conservative upper bound estimate of potential risk. 



                                                 



17 PRAM 1.3c was not able to accept 0 as a parameter value for fraction exposure to lower water column. 
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7.4 Applicability of Assessment Endpoints and Effects Levels 



Based on existing toxicological data, receptor species for the reef community were 
selected that were taxonomically similar to species for which toxicity data were available (or 
could be inferred) and that would most likely be sensitive to PCBs. Toxicological data were 
reviewed to identify available toxicological benchmarks that could be used to interpret whether 
exposure concentrations to the receptor species could be harmful. To the extent possible, 
receptor species were selected that were representative of mammals, birds, reptiles, fishes, and 
invertebrates that utilize reef habitats. In many cases, toxicological data were not available for 
reef organisms and the susceptibility of the receptor species to PCBs had to be inferred or 
extrapolated from species used in toxicological tests and studies. 



In order to be consistent with procedures for conducting ecological effects assessments 
under TSCA, an “assessment factor” (AF, Zeeman 1995) was used to account for differences 
between the species used in toxicological studies and species expected to be at the reef. An AF of 
10 was applied by dividing the appropriate benchmarks (B) by the AF before calculating a 
hazard quotient (HQ*). It may be possible that by applying the AF the assessment may become 
overly conservative, especially in cases where laboratory test species may be more sensitive than 
wild species. However, the ecological risk assessment seeks to be protective of all species and 
there is no way of knowing if the test species are truly sensitive enough. The relative level of 
protection from harmful body residues provided by the benchmarks, the SSD for tissue residue 
effects, and the modeled tissue residue exposures are show in (Figure 46). These data show that 
the AF-adjusted benchmarks are to the left of the SSD developed for effects from tissue residue 
exposures observed in fish and invertebrates. The modeled data are clearly below levels that 
would indicate risk from tissue residues. The AF provides an additional level of conservatism in the 
assessment to support regulatory decision-making (U.S. EPA 1984, Rodier and Zeeman 1994, Zeeman 
1995, Nabholz 2003, Zeeman et al.1999). 



7.5 Applicability of Water Quality Criteria Benchmarks 



The water column, TSV, and BCV benchmarks were based on Water Quality Criteria 
(WQC). According to EPA’s Aquatic Life Criteria Guidelines Committee, which is responsible 
for developing the technical basis for national WQC, water quality criteria are considered to be 
protective of 95% of the species tested (or more precisely, of the genera tested).  The standard 
WQC calculation results in a number that is designed to protect 95% of the species sensitivity 
distribution represented by the data set available.  The assumption here is that the data set 
available is representative of the species sensitivity distribution of the potentially exposed 
aquatic community.  To the degree that this assumption is true, WQC protect 95% of the species 
exposed.  The data set is biased in two ways: 1) the species tested generally are among the more 
sensitive species that can be tested; and 2) only species that can be tested are tested – species that 
are more difficult to maintain in the laboratory could be more sensitive than those actually tested. 
By implication, a sensitive species of particular value, or of particular importance to community 
and ecosystems dynamics (a "keystone" species), for which no toxicity test data exist, could be 
adversely affected at exposure concentrations lower than the WQC. 
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The tissue residue concentrations modeled by PRAM and the ecological risk benchmarks 
used in the ecological risk assessment are for representative species that are expected to be 
present at the reef. The tissue concentrations and potential ecological effects inferred from the 
model results would also be applicable to tissue residues and exposure concentrations 
experienced by any keystone species present at the reef. The ecological risk assessment only 
addressed potential toxicological risks from PCBs, the ecological consequence of reef 
development was outside the bounds of the ecological risk assessment. 



7.6 Applicability of Critical Body Residue Benchmarks 



Critical body residues (CBR) are defined as the threshold concentration of a contaminant 
in the tissue of an organism above which adverse effects could occur (McCarty et al. 1992, Pabst 
1999). Data obtained from the ERED database were used to develop benchmarks for effects on 
reproduction, growth and development, mortality and survival. The benchmarks were based 
whole body concentration and ingestion or absorption. In many cases, data for freshwater fish 
and invertebrates were used to develop the benchmarks because of the paucity of data on marine 
organisms in general and reef organisms in particular. The CBR benchmarks assumed that the 
tissue concentration causing adverse effects in an organism would be the same for both marine 
and freshwater organisms. This assumes that the difference between freshwater and saltwater 
criteria are due to differences in chemical uptake in freshwater and marine organism and not 
differences in tissue concentrations that would cause adverse effects. 



7.7 Applicability of Dietary Benchmarks 



Sample et al. (1996) reported that scaling factors, such as used for mammals, are not 
appropriate for avian species because an analysis of existing data showed that the scaling factor 
which ranged from 0.63 to 1.55 with a mean of 1.15, was not significantly different than 1. This 
assumes that toxicity effects to receptor species (birds of prey) would be similar to the species 
tested (ring-necked pheasant for PCBs) after adjusting for differences in food consumption rate 
and body weight of the receptor species.  



It was also assumed that dietary benchmarks based on reproductive effects to mink were 
appropriate and applicable to dolphins. While dolphins and mink are both piscivores they have 
very different life histories, dietary requirements, and feeding behaviors. In a study of PCB risk 
to bottlenose dolphins (Tursiops truncates), Schwacke et al. (2002) justified the use of mink as 
surrogates for dolphins because mink are the most sensitive mammalian species for which PCB 
toxicity data are available and that mink have similar pharmokinetic pathways as dolphins 
(cetaceans), specifically, both have relatively lower levels of phenobarbital-type (PB-type) and 
3-methylcholanthrene-type (MC-type) enzymes necessary for metabolizing PCBs than other 
birds or mammals. Additionally, it is very difficult to obtain toxicological data for a protected 
species such as dolphins (Schwacke et al. 2002). 



Due to the lack of toxicity data on reptiles, the lowest TRVs obtained for mammalian 
species (mammals are more sensitive to PCBs than birds) was assumed to be protective of sea 
turtles. Using the same scaling factors used for mammals and substituting the body weight and 
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ingestion rate of loggerhead turtles the PCB benchmarks for sea turtles were obtained. This 
assumed that if the benchmarks were protective of warm-blooded mammals, then they would 
also be protective of cold-blooded sea turtles (see Great Lakes water quality initiative technical 
support document for wildlife criteria, U.S. EPA 1995, for more discussion on this assumption). 



Toxicological benchmarks for PCBs in shark and barracuda were developed using the 
ratio of food chain multiplier (FCMs) between TL4 (reef predator, e.g. shark) and TL3 (reef 
forager, e.g. prey) obtained from U.S. EPA (2000). The ratio between FCMs for TL4 and TL3 
gives the relative increase in contaminant concentrations between a shark and its prey, assuming 
all the shark’s dietary requirements came from TL3. This assumes that a steady state exists 
between the shark and its prey and that accumulation from the water through gill exchange 
would be negligible compared to contaminant uptake from food. The analysis also assumed that 
when sharks feed on TL4 prey the same FCM would be applicable. This is conservative because, 
generally, FCMs decrease for higher trophic levels. 



7.8 Uncertainty about Risk from Dixon-like Toxicity 



Estimates of dioxin-like coplanar congeners were multiplied by the respective TEFs to 
calculate TEQs for fish eggs and to assess dietary exposure to birds and mammals. Because no 
data were available for PCB08118 the concentrations of PCB081 were estimated assuming that 
they were proportional to PCB077 in ratios that were measured other studies (Johnston et al. 
2005a). The maternal transfer of PCBs from reef fish to egg was also assumed to be proportional 
to the transfer ratios reported for trout. The dioxin-like TEFs and TEQ benchmarks were 
assumed to be applicable to fish, birds, and mammals foraging on the reef. The potential risk 
estimated from TEQ exposure to fish eggs and dietary exposure to birds and mammals were 
based only on dioxin-like toxicity from PCBs and did not take into account any additional 
toxicity from the presence of dioxins and furans. Other aryl hydrocarbon receptor (AhR)-related 
dioxin-like chemicals (e.g., dioxins or dibenzofurans) were not identified aboard the ex-
ORISKANY.  



The most toxic dioxin-like PCB congener, PCB126, and other coplanar congeners 
PCB123, PCB169, and PCB189 were not detected during the leachrate experiments so these 
compounds did not contribute to the TEQs calculated. Because the leachrate experiments were 
following a chemical process (George et al. 2005), normal methods for estimating non-detected 
concentrations based on sampling theory are not applicable (Gilbert 1987). Therefore no attempt 
was made to estimate concentrations for them. 



There is a wide range of sensitively to dioxins among fish, birds, and mammals 
(Gatehouse 2004). The benchmarks used in this analysis were based on data available for the 
most sensitive fish (salmonids), avian (order of galliformes – chicken-like birds e.g. pheasant) 
and mammal (mink) for which toxicity data are available (Gatehouse 2004) and it was assumed 
that these benchmarks would not underestimate the potential risk to receptors on the reef. 
Additionally, the dietary benchmarks assumed that the reef consumers dined exclusively on the 



                                                 
18 PCB081 was not tested for in the leachrate experiments. 
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reef throughout their whole life span with an assimilation efficiency of 90%. Reducing these 
parameters would increase the dietary benchmarks by the same factor. 



7.9 Uncertainty About Interior Vessel Water Concentrations 



The interior water concentration is very dependent on the rate of water exchange with 
lower water column. The default value was set at 1% of the bottom current or 9.26 m/h. There is 
much uncertainty about this number and it was assumed that 1% was a very conservative 
estimate. It is reasonable to assume that the exchange rate is proportional to the bottom current 
because as the bottom current increases, more water will come into contact with the ship 
resulting in greater ventilation of the hull. The exchange with lower water column will be 
dependent on how “porous” the hull is with respect to water getting in and out. Figure 47 shows 
the change in the concentration of pentachlorobiphenyl in the interior water simulated by the 
TDM at the maximum leaching rate, as a function of the interior vessel exchange rate. 
Pentachlorobiphenyl accounts for about half of the Total PCBs released into the interior of the 
ship. Because of the limited exchange between the interior water and the lower water column 
surrounding the reef, the interior of the vessel is not expected to be readily colonized by 
epibenthic organisms that need a constant source of food from outside of the vessel. 
Therefore, it was assumed that the predominant route of exposure from the interior water would 
be from organisms coming into contact with the IVW and the resulting trophic transfer through 
the food web. 



The interior vessel water is modeled as a homogenous mixture of PCBs with a porous 
boundary (Figure 48 upper diagram). The "squiggly lines" in the diagrams are the cable runs and 
other materials with PCBs that are "non"-randomly distributed about the ship. The diagrams 
show the hypothetical volume of internal water (an elliptical cylinder in the model) and the 
openings are where the seawater can exchange. In reality the limited openings through the hull of 
the ship will probably create a gradient of PCB concentrations inside the ship (Figure 48 lower 
diagram) with lower PCB concentrations near the openings where foraging fish and invertebrates 
are more apt to occur. Furthermore, the thousands of compartments contained within the hull will 
further limit the exchange of water to the reef and make it harder for feeding and foraging fish 
and invertebrates to penetrate into the interior spaces of the ship. 



7.10 Uncertainty About Extreme Events 



Extreme events, such as hurricanes or tropical storms are likely to occur within the 
Northeastern Gulf of Mexico; therefore the impact of such storms needs to be considered. The 
frequency of catastrophic (category 4 or 5) hurricane strikes in the Pensacola area is relatively 
high (there is about 0.5% chance per-year of catastrophic hurricane strikes during “hyperactive” 
interglacial periods, Liu and Fearn 2000). Data are available on hurricane paths over the last 
thirty years (Figure 49, NOAA 2005) and the expected current velocities for such events 
(Ohlmann and Niiler 2001) have been studied.  



Horn (2005) studied the structural damage to artificial reefs off the coast of Florida from 
the four major hurricanes that hit Florida in 2004 (Table 28). He reported that vessels and other 
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underwater structures sustained considerable damage especially from the combined effects from 
Hurricanes Frances and Jeanne, two storms that occurred within three weeks of each other and 
made landfall at virtually the same location near Stuart, Florida on the Atlantic coast (Horn 
2005). Surveys of two ex-Navy ships in the paths of Frances and Jeanne following the storms 
showed extensive damage. The ex-MULIPHEN (AKA 61) an amphibious cargo ship had holes 
scoured in her hull, a cracked bow, and was 3 m deeper than before the storms. The ex-RANKIN 
(AKA 103) also an amphibious cargo ship had extensive scouring under the bow that caused her 
bow to break off and deck to be torn away. From scouring of the bottom sediment she is also 10 
m deeper than before the storms. The ex-MULIPHEN and ex-RANKIN, both cargo ships with 
relatively open interior structure, were sunk in 56 m (184 ft) and 43 m (141 ft) 15 and 16 years 
before the storms, respectively. The ex-MULIPHEN sank upright and the ex-RANKIN sank on 
her starboard side. The seafloor around the ships has been extensively modified from the 
presence of the ships. Erosion from scouring around the hulks has created holes and crevasses 
and uncovered limestone boulders and hard bottom areas that were buried under sediment 
providing new habitat for groupers and seabass. Horn (2005) concluded that slow moving 
hurricanes with very large swells over extended periods (> 48 hr) caused the most damage. He 
noted that large ships with excessive vertical surfaces are capable of deflecting rapidly moving 
water resulting in substantial changes to the ocean floor around the ship. He recommended 
sinking large ships upright with their bows facing in the predicted direction of oncoming swells 
from major hurricane events (Horn 2005).  



Studies of other sunken vessels by the US Parks Service, including the ex-
MASSACHUCETTS sunk in Pensacola Pass in 1921 in 30 ft of water – much shallower than the 
ex-ORISKANY’s proposed depth and therefore more exposed to wave action – has shown 
relatively little structural damage from extreme events. “Even though the [ex-
MASSACHUCETTS’] hull was stripped for scrap metal during the 1940s, the wreck is in 
relatively good condition for being submerged for 80 years and has reached a state of 
equilibrium with the environment. In fact, the Massachusetts was completely undamaged by the 
violent hurricanes of the summer of 1995.” (U.S. Park Service 2005)  



In September 2004 Hurricane Ivan created some of the largest waves ever recorded 
topping out at over 20 m (90 ft) as it moved through the Gulf of Mexico on its way to landfall on 
the Florida Panhandle just west of Pensacola (BBC 2005). In July of 2005 as Hurricane Denis 
swept through the Florida Keys on its way into the Gulf of Mexico, its waves, currents, and surge 
caused the ex-SPIEGEL GROVE (LSD-32) to turn upright. The movement of the ex-SPIEGEL 
GROVE was unique. A mishap during her sinking in June 2002 caused the Spiegel Grove to 
turnover and float upside down. When she was finally sunk, she went down landing on her 
starboard side in 43 m (130 ft) of water. The wave action on the submerged hull caused the 
sediment under her keel to erode away, until, during Hurricane Dennis, she “righted” herself 
(Key Largo 2005, Anon 2005). Very little, if any, damage to the hull’s structure occurred 
(William Horn, FFWC, personal communication). 



The passage of a hurricane could potentially damage the reef, alter rates of release of 
PCBs from the ship’s interior, and increase releases of PCBs from the vessel. In general, a 
hurricane would have the net effect of diluting PCB concentrations by dissipating PCBs away 
from the immediate site. Increasing bottom currents (see Figure 44) resulted in a large decrease 
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of the steady-state PCB concentrations in the pelagic and benthic communities but had little 
change in the PCB concentrations in the upper trophic levels of the reef community. A hurricane 
or tropical storm will greatly increase the current velocity in the vicinity of the reef, scouring 
away the surrounding sediment, and displacing many residents of the reef. Following the 
hurricane, the accumulation would restart with fresh material. If the ship were opened up during 
a storm, an initial very transient pulse (hurricane-induced currents) of PCBs would give way to 
the same steady-state release rate present before the storm. However, interior concentrations, 
which are the main source of the PCBs that are accumulated, would be much reduced since 
ambient flow could get into the ship. It is unknown whether hurricane damage could increase 
release rates by breaking up the PCB source material. 



The sinking plan for the ex-ORISKANY (NAVSEA 2005b) and stability studies 
conducted by the State of Florida (see 3.2.1 Environmental Conditions) suggests that based on 
the depth and position planned for the reef, the ex-ORISKANY will be stable enough to easily 
withstand 50-yr storm events, and, if oriented facing oncoming swells, she should be able to 
withstand 100 yr storm events as well (FFWLC 2003).  



7.11 Uncertainty About Multiple Ships 



As of December 12, 2005, the Navy’s inventory lists 8 ships under consideration for 
reefing http://peos.crane.navy.mil/reefing/inventory.htm. These ships include 4 aircraft carriers, 
2 destroyers, an amphibious command ship, and a patrol gunboat. This raises a question about 
the potential cumulative risk from sinking many ships within a similar area or region (e.g. Gulf 
of Mexico). The current modeling framework could only address multiple ships if they were 
sunk within the same zone of influence (i.e. adjacent to each other). If that were the case, the 
PRAM and TDM model geometry and source terms could be easily modified to include the 
cumulative releases of two or more ships within the same ZOI. However, if the ships are sunk in 
separate locations, the potential cumulative impact on the environment could only be evaluated 
on a larger scale. 



Both PRAM and TDM assume there is no reduction of PCBs in the source materials from 
leaching and biodegradation and other loss terms were set to zero for the simulations conducted 
for the ex-ORISKANY. The TDM calculated the total release of PCBs from the ex-ORISKANY 
during the first two years after sinking (see Fig C 30 - Total PCB Mass Budget, in NEHC/SSC-
SD 2006b) as about 873 g of Total PCB (99.88% of the mass released) that were exported into 
the Gulf of Mexico. By the end of the 2 yr period the model estimated that ~0.8 g/day was 
transported from the site. Just to put this number into context, data reported by Rostad et al. 
(1994) were used to estimate the mean Total PCB discharge from the mouth of the Mississippi 
River from 1987-1990 at about 15650 ± 3330 g/day (Table 29).  



Assuming a first order release rate equal to the release used in the steady state version of 
PRAM, the amount of PCBs released and the amount of PCBs remaining on the vessel over a 
specified period of time can be calculated: 



Ct = C0e-rt [32]
Where   
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Ct = The total amount of PCBs remaining on the ship 
C0 = The initial amount of PCBs when the ship was sunk 
-r = The release rate of PCBs [g PCB/g PCB day-1], these were the 



rates used in the steady state version of PRAM 
t = Time in days 



Equation [30] was used to calculate the “half-life” of the PCBs in each of the types of 
materials and estimate the amount of PCB released from the ship and left remaining on the ship 
after ten years (Table 30). The calculation shows that half of the PCBs would leach out of 
Bulkhead Insulation after 28 years, Aluminum Paint would take 170 years, Ventilation Gaskets 
and Black Rubber Material would take 1,204 years, and it would take the Electrical Cable 6,807 
years before its concentration of PCBs would be reduced to 50% of the initial concentration. 
After 10 years 2557.4 g of PCBs (2.56 Kg, 5.64 lbs) would have been released from the ship and 
99.55% of the original mass of PCBs would still be on the ship. The majority of the PCBs 
leached came from the bulkhead insulation (66%). This calculation overestimates the amount of 
PCBs released because the release rates remain constant with time and do not decrease, as the 
source materials are depleted, contrary to what was suggested by the laboratory leachrate study 
(Figure 4). Additionally, there is no loss from biodegradation of PCBs.  



Based on these results it appears the ship will effectively sequester the PCBs onboard 
releasing only small amounts of PCB into the environment surrounding the reef and into the 
larger Gulf of Mexico ecosystem. 



7.12 Other Sources of Uncertainty  



The uncertainties associated with the assumption used in PRAM and TDM and their 
implication in predicting PCB concentrations are provided in the model documentation reports 
(NEHC/SSC-SD 2006a, b). Sources of Uncertainty in the estimates of PCB mass onboard the 
ship, the estimate of PCB release rates, the predictions of abiotic exposure conditions during the 
time dynamic release by TDM, and exposure conditions during steady state simulations by 
PRAM, and a sensitivity analysis of some of the PRAM input parameters are also discussed in 
the uncertainty section of the human health risk assessment (NEHC/SSC-SD 2006c). 
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8. Conclusions  
The purpose of this report is to assess the ecological risks of polychlorinated biphenyls 



(PCBs) released after sinking the aircraft carrier ex-ORISKANY (CVA-34, Figure 1) to create an 
artificial reef off the coast of Pensacola, FL (Figure 2) within the Escambia East Large Area 
Artificial Reef Site (Figure 3). Because the ex-ORISKANY contains solid materials such as 
electrical cabling, gaskets, rubber products, insulation, and paints that contain concentrations ≥ 
50 ppm, the vessel is regulated as PCB Bulk Product Waste under 40 CFR 761.62(c) and a risk-
based disposal approval is required prior to sinking the vessel. 



8.1 Summary of Findings 



The outputs of the TDM/PRAM and PRAM models were used to evaluate PCB 
exposures to the pelagic, benthic, and reef communities as well as dolphins, sea birds, sea turtles, 
and shark/barracuda that may be attracted to feed and forage on the reef. Predicted sediment and 
water concentrations showed no indication of risk for both short-term and long-term exposure. 
Contact with elevated PCB concentrations modeled for the internal vessel water were identified 
as the predominant route of exposure and trophic transfer of PCBs through the food web. Tissue 
concentrations predicted for the pelagic and benthic community were below background PCB 
concentrations expected for the northeastern Gulf of Mexico and the modeled concentrations in 
the upper trophic level of the reef community were within the range of background PCB values 
for the Gulf of Mexico.  



The Total PCB exposure levels predicted by the models showed no indication of risk to 
plants, invertebrates, fishes, sea turtles, and sharks/barracudas that could live, feed, and forage on 
the reef. The no effect threshold was exceeded for dietary exposure to dolphins, cormorants, and 
herring gulls indicating risk, but, because the assessment assumed that dolphins, cormorants, and 
herring gulls would be life-long residents of the reef and would obtain 100% of their food 
requirements from the reef, it is likely that actual exposures would be much lower. 



Estimates of TEQ exposure were obtained by assuming that dioxin-like coplanar 
congeners would be present in same congener : homolog proportion observed in the leachrate 
experiments. Potential risks from dietary exposure of TEQs to gulls, cormorants and dolphins 
were evaluated by comparing modeled tissue concentrations in prey to TEQ dietary benchmarks 
for those species. Potential risks of TEQ exposure to fish eggs and sac-fry larvae, the most 
sensitive life stage of fishes to TEQ toxicity, were evaluated by predicting the maternal transfer 
of TEQs to fish eggs and comparing the resulting fish egg concentrations to sensitive egg residue 
benchmarks for TEQ exposure. There was no indication of risk from TEQ exposure to dolphins, 
sea birds, or fish eggs and larvae. 



Based on the data available for evaluating tissue exposures to organisms living, feeding, 
and foraging at the reef, the Total PCB concentrations in water, sediment, and tissues of 
organisms associated with the reef and in the diet of reef consumers are below levels that would 
indicate unacceptable risk (Table 27). Based on the data available for evaluating TEQ exposures 
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to dolphin, birds, and fish eggs, the risk of exposure from TEQ in the diet of dolphins and birds 
and the maternal transfer of TEQ to fish eggs is also acceptable 



8.2 Uncertainty 



The major sources of uncertainty were the assumptions and parameters used in the 
models, the applicability and sensitivity of the benchmarks used in the assessment, and 
uncertainty about the sources of PCBs on the vessel. Due to the conservative estimates used in 
this analysis, it is very unlikely that potential risks were under estimated. 



8.3 Conclusions 



The potential ecological risks of sinking the ex-ORISKANY were evaluated using model 
predictions of future PCB exposure levels in the environment surrounding the reef. The model 
predictions were judged to be plausible and reasonably good estimates of what would occur 
given that the other model assumptions and input procedures were also accurate. The ecological 
risk assessment showed that the risks of exposure from Total PCB and dioxin-like TEQs in 
tissues of organisms associated with the reef and in the diet of reef consumers are acceptable. 
Therefore, it is unlikely that PCBs released from sinking the ex-ORISKANY to create an 
underwater reef will harm the environment. 
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Table 1. The average and range of total PCB concentrations measured in fish samples from the EMAP and IMAP monitoring studies for the SE U.S.



Location Species n Average Std Min Max Average Std Min Max
EMAP Louisanian Provience (All) Croaker 219 40.4 103.8 3.4 866.3 1.01E-02 2.59E-02 8.39E-04 2.17E-01
EMAP Louisanian Provience (FL) Croaker 14 34.2 72.9 4.4 283.1 8.56E-03 1.82E-02 1.09E-03 7.08E-02
IMAP (Pensacola) Sea Robin, Spot, Pigfish 3 107.2 101.9 24.7 221.1 2.68E-02 2.55E-02 6.18E-03 5.53E-02
EMAP Carolianian Provience Croaker 18 98.7 87.2 19.4 343.4 2.47E-02 2.18E-02 4.84E-03 8.59E-02
EMAP Carolianian Provience Spot 8 55.0 42.9 15.9 141.7 1.37E-02 1.07E-02 3.99E-03 3.54E-02



ng/g Dry Weight mg/Kg Wet Weight



Table 1











Table 2. Data Provided by PRAM and TDM/PRAM that was used in the ecorisk assessment. 
             (A) Abiotic concentrations and (B) tissue concentrations.



Compartment(s)
Freely dissolved in watera Upper and lower water column
Suspended solidsa Upper and lower water column
Dissolved organic carbona Upper and lower water column
Bedded sediment Sediment
Sediment porewater Sediment



Freely dissolved in waterb Interior water
Suspended solidsb Interior water
Dissolved organic carbonb Interior water



Representative Species



Phytoplankton (TL1) algae
Zooplankton (TL-II) copepods
Planktivore (TL-III) herring
Piscivore (TL-IV) jack



Attached algae (TL-I) encrusting algae
Sessile filter feeder (TL-II) bivalves
Grazing / foraging omnivore (TL-II) urchin
Invertebrate forager (TL-III) crab
Vertebrate forager (TL-III) triggerfish
Predator (TL-IV) grouper



Infaunal invertebrate (TL-II) polychaete
Epifaunal invertebrate (TL-II) nematode
Forager (TL-III) lobster
Predator (TL-IV) flounder



a Data used to calculate upper and lower bulk water concentration
b Data used to calculate interior bulk water concentration



(B) Exposure point tissue concentrations for representative species in the food chain of the reef provided by 
PRAM (from Table 8 in PRAM documentation, NEHC/SSC-SD 2006a).



Exposure Point Tissue Concentration
Pelagic Community



Reef / Vessel Community



(A) Abiotic PCB exposure point concentrations provided by PRAM and TDM/PRAM
   Outside the Vessel 



   Inside the Vessel



Benthic Community



Table 2











Attributes PCB Concentration from Model Receptor Species
Water Quality Protective of aquatic life Bulk water concentration aquatic species



Sediment Quality Protective of aquatic life Bulk sediment concentration aquatic species



Pelagic Community
Primary Producers Growth, Reproduction, and Survival Phytoplankton (TL1) diatom
Primary Consumers Growth, Reproduction, and Survival Zooplankton (TL-II) copepod
Secondary Consumers Growth, Reproduction, and Survival Planktivore (TL-III) herring
Tertiary Consumers Growth, Reproduction, and Survival Piscivore (TL-IV) jack



Benthic Community
Primary Consumers Growth, Reproduction, and Survival Infaunal invert. (TL-II) polychaete
Primary Consumers Growth, Reproduction, and Survival Epifaunal invert. (TL-II) nematode
Secondary Consumers Growth, Reproduction, and Survival Forager (TL-III) lobster
Tertiary Consumers Growth, Reproduction, and Survival Predator (TL-IV) flounder



Reef Community
Primary Producers Growth, Reproduction, and Survival Attached algae (TL1) algae
Primary Consumers Growth, Reproduction, and Survival Sessile filter feeder (TL-II) bivalves
Primary Consumers Growth, Reproduction, and Survival Grazer (TL-II) urchin
Secondary Consumers Growth, Reproduction, and Survival Forager (TL-III) triggerfish
Tertiary Consumers Growth, Reproduction, and Survival Predator (TL-IV) grouper



Media Exposure Point



Table 3. Ecorisk assessment endpoints. Assessment endpoints evaluated using (A) media and (B) dietary exposure point
concentrations modeled by PRAM and TDM/PRAM.



Table 3(A). Assessment endpoints, attributes, and receptor species for compartments modeled by PRAM and TDM/PRAM.



Assessment Endpoint



Table 3 - 1











Table 3. Cont.



Attributes Prey Concentration from PRAM Receptor Species
Reef Consumers



Dolphin Growth, Reproduction, and Survival Reef/Predator (TL-IV) grouper
Reef/Vertebrate forager (TL-III) triggerfish
Reef/Invertebrate forager (TL-III) crab
Benthic/Predator (TL-IV) flounder
Benthic/Forager (TL-III) lobster
Pelagic/Planktivore (TL-III) herring
Pelagic/Piscivore (TL-IV) jack



Reef Shark/Barracuda Growth, Reproduction, and Survival Reef/Predator (TL-IV) grouper
Reef/Vertebrate forager (TL-III) triggerfish
Benthic/Predator (TL-IV) flounder
Pelagic/Planktivore (TL-III) herring
Pelagic/Piscivore (TL-IV) jack



Sea Turtle Growth, Reproduction, and Survival Benthic/Forager (TL-III) lobster
Reef/Invertebrate Forager (TL-III) crab
Reef/Grazer (TL-II) urchin
Reef/Sessile filter feeder bivalves



Cormorant Growth, Reproduction, and Survival Pelagic/Planktivore (TL-III) herring
Pelagic/Piscivore (TL-IV) jack
Reef/Forager (TL-III) triggerfish
Reef/Predator (TL-IV) grouper
Benthic/Predator (TL-IV) flounder



Herring Gull Growth, Reproduction, and Survival Pelagic/Planktivore (TL-III) herring
Pelagic/Piscivore (TL-IV) jack
Reef/Sessile filter feeder (TL-II) bivalves
Reef/Grazer (TL-II) urchin
Reef/Invertebrate Forager (TL-III) crab
Reef/Vertebrate Forager (TL-III) triggerfish
Reef/Predator (TL-IV) grouper
Benthic/Epifaunal invert. (TL-II) nematode
Benthic/Forager (TL-III) lobster
Benthic/Predator (TL-IV) flounder



Table 3(B) Assessment endpoints evaluated by inferring risk from dietary exposures.



Assessment Endpoint
Dietary Exposure



Avian Consumers



Table 3 - 2











A. PCB containing materials before vessel preparation



Units
Ventilation 
Gaskets



Black Rubber 
Material



Electrical 
Cableb



Bulkhead 
Insulation 
Material



Aluminized 
Paint Lubricants



Total 
Mass



a Weight on ship when built lbs 2680.0 11989.0 558538.6 115695.0 298999.0 208140.0
a Weight on ship when built kg 1215.6 5438.1 253348.9 52478.4 135623.7 94410.7



Factor gained during lifecycle 1.2 1.0 1.3 1.0 3.0 1.0
Total weight on ship lbs 3216.0 11989.0 726100.2 115695.0 896997.0 208140.0
Total weight on ship kg 1458.8 5438.1 329353.5 52478.4 406871.0 94410.7
Averge PCB Concn. ppm 20.3 37.3 1079.49 215.1 11.6 60.3
95% UCL Concn. ppm 33.5 50.9 1998.71 587.7 19.7 22.2
Mass of PCBs (avg) lbs 0.07 0.45 783.82 24.9 10.41 12.55 832.17
Mass of PCBs (95% UCL) lbs 0.11 0.61 1451.26 68.0 17.67 4.62 1542.27
Mass of PCBs (avg) kg 0.03 0.20 355.53 11.29 4.72 5.69 377.47
Mass of PCBs (95% UCL) kg 0.05 0.28 658.28 30.84 8.02 2.10 699.56
fraction PCB (avg) 0.0000203 0.0000373 0.0010795 0.0002151 0.0000116 0.0000603
fraction PCB (max) 0.0000335 0.0000509 0.0019987 0.0005877 0.0000197 0.0000222
% of total mass (avg) 0.01% 0.05% 94.19% 2.99% 1.25% 1.51%
% of total mass (max) 0.01% 0.04% 94.10% 4.41% 1.15% 0.30%



B. PCB containing materials after vessel preparation



Units
Ventilation 
Gaskets



Black Rubber 
Material



Electrical 
Cableb



Bulkhead 
Insulation 
Material



Aluminized 
Paint Lubricants



Total 
Mass



a Weight on ship when built lbs 2680.0 11989.0 502684.7 31700.4 284049.1 0.0
a Weight on ship when built kg 1215.6 5438.1 228014.0 14379.1 128842.5 0.0



Factor gained during lifecycle 1.2 1.0 1.3 1.0 3.0 1.0
Total weight on ship lbs 3216.0 11989.0 653490.2 31700.4 852147.2 0.0
Total weight on ship kg 1458.8 5438.1 296418.2 14379.1 386527.4 0.0
Averge PCB Concn. ppm 20.3 37.3 1079.49 215.1 11.6 60.3
95% UCL Concn. ppm 33.5 50.9 1998.71 587.7 19.7 22.2
Mass of PCBs (avg) lbs 0.07 0.45 705.44 6.8 9.88 0.00 722.65
Mass of PCBs (95% UCL) lbs 0.11 0.61 1306.14 18.6 16.79 0.00 1342.27
Mass of PCBs (avg) kg 0.03 0.20 319.98 3.09 4.48 0.00 327.79
Mass of PCBs (95% UCL) kg 0.05 0.28 592.45 8.45 7.61 0.00 608.85
fraction PCB (avg) 0.0000203 0.0000373 0.0010795 0.0002151 0.0000116 0.0000603
fraction PCB (max) 0.0000335 0.0000509 0.0019987 0.0005877 0.0000197 0.0000222
% of total mass (avg) 0.01% 0.06% 97.62% 0.94% 1.37% 0.00%
% of total mass (max) 0.01% 0.05% 97.31% 1.39% 1.25% 0.00%



a



b Electrical cable normalized to intact electrical cable (0.7226 g insulation/g cable)



Final Weight Report, Aircraft Carrier CV9 USS ESSEX, Office of Supervisor of Shipbuilding for US Navy, Newport News Shipbuilding and Dry Dock 
Company, Newport New, VA



Table 4. The average and 95% upper confidence level (UCL) of PCB containing material and mass of PCBs estimated to be onboard the ex-
ORISKANY before and after vessel preparations. Data from Pape 2004.



Table 4











A. PRAM Defaults Ventilation 
Gaskets



Black Rubber 
Material Electrical Cable Bulkhead 



Insulation Material
Aluminized 



Paint Total 



Fraction PCB in Material (wt/wt) 0.0000314 0.0000529 0.00185 0.000537 0.00002
Material Mass Onboard (kg) 1,459               5,397               296,419             14,379                     386,528             704,182            
Total PCBs (kg) 0.0458126 0.2855013 548.37515 7.721523 7.73056 564.2
Total PCB Release rate (ng/g-PCB per day) 1577.1 1577.1 279.0 67635.4 11148.3
Material Mass Onboard (lb) 3216.54 11898.35 653492.03 31700.27 852148.37 1,552,455.57    
Total PCBs (lb) 0.100999494 0.629422624 1208.96026 17.02304427 17.04296744 1,243.76           
Daily PCB Release Rate (ng/day) 7.23E+04 4.50E+05 1.53E+08 5.22E+08 8.62E+07 7.62E+08



B. TDM Inputs Ventilation 
Gaskets



Black Rubber 
Material Electrical Cable Bulkhead 



Insulation Material
Aluminized 



Paint Total 



Fraction PCB in Material (wt/wt) 0.0000314 0.0000529 0.00185 0.000537 0.00002
Material Mass Onboard (kg) 1,459               5,397               296,419             14,379                     386,528             704,182            
Total PCBs (kg) 0.0458126 0.2855013 548.37515 7.721523 7.73056 564.2
Total PCB Release rate (ng/g-PCB per day) 1577.1 1577.1 279.0 67635.4 11148.3
Material Mass Onboard (lb) 3216.54 11898.35 653492.03 31700.27 852148.37 1,552,455.57    
Total PCBs (lb) 0.100999494 0.629422624 1208.96026 17.02304427 17.04296744 1,243.76           
Daily PCB Release Rate (ng/day) 7.23E+04 4.50E+05 1.53E+08 5.22E+08 8.62E+07 7.62E+08



C. Pape 2004 average Ventilation 
Gaskets



Black Rubber 
Material



Electrical Cable 
(intact)



Bulkhead 
Insulation Material



Aluminized 
Paint Total 



Fraction PCB in Material (wt/wt) average 0.0000203 0.0000373 0.001079492 0.0002151 0.0000116
Material Mass Onboard (kg) 1,459               5,397               296,418             14,379                     386,527             704,180            
Total PCBs (kg) 0.029612687 0.201302207 319.981             3.092938642 4.48371837 327.8
Total PCB Release rate (ng/g-PCB per day) 1577.1 1577.1 279.0 67635.4 11148.3 82216.9
Material Mass Onboard (lb) 3216.00 11898.00 653490.17 31700.43 852147.15 1,552,451.75    
Total PCBs (lb) 0.0652848 0.4437954 705.4375068 6.818762493 9.88490694 722.65              
Daily PCB Release Rate (ng/day) 4.67E+04 3.17E+05 8.93E+07 2.09E+08 5.00E+07 3.49E+08



D. Pape 2004 95% UCL Ventilation 
Gaskets



Black Rubber 
Material



Electrical Cable 
(intact)



Bulkhead 
Insulation Material



Aluminized 
Paint Total 



Fraction PCB in Material (wt/wt) 95% UCL 0.0000335 0.0000509 0.001998712 0.0005877 0.0000197
Material Mass Onboard (kg) 1,459               5,397               296,418             14,379                     386,527             704,180            
Total PCBs (kg) 0.048868228 0.274699259 592.4544093 8.450581311 7.61459068 608.8
Total PCB Release rate (ng/g-PCB per day) 1577.1 1577.1 279.0 67635.4 11148.3
Material Mass Onboard (lb) 3216.00 11898.00 653490.17 31700.43 852147.15 1,552,451.75    
Total PCBs (lb) 0.107736 0.6056082 1306.1384 18.63034271 16.78729886 1,342.27           
Daily PCB Release Rate (ng/day) 7.71E+04 4.33E+05 1.65E+08 5.72E+08 8.49E+07 8.22E+08



Table 5. The mass of materials, fraction of PCBs, and total PCB release rates used to calculate PCB loading from 
the ex-ORISKANY for PRAM defaults (A), input to the TDM model (B), and the average (C) and 95% UCL (D) 



from Pape 2004.
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Table 6. The default water exposures modeled by PRAM.



Default Water Exposures in PRAM UWC LWC IVW PW
Upper 
Water 



Column



Lower 
Water



Column



Interior 
Vessel 
Water



Sediment 
Pore



Water
Total



Pelagic Community
Phytoplankton (TL1) algae 100% 100%
Zooplankton (TL-II) copepods 50% 50% 100%
Planktivore (TL-III) herring 80% 20% 100%
Piscivore (TL-IV) jack 80% 20% 100%
Reef / Vessel Community
Attached Algae encrusting algae 0% 100% 100%
Sessile filter feeder (TL-II) bivalves (w/o shell) 0% 100% 0% 100%
Invertebrate Omnivore (TL-II) urchin 0% 80% 20% 100%
Invertebrate Forager (TL-III) crab 0% 70% 30% 100%
Vertebrate Forager (TL-III) triggerfish 0% 70% 30% 100%
Predator (TL-IV) grouper 0% 80% 20% 100%
Benthic Community
Infaunal invert. (TL-II) polychaete 0% 20% 80% 100%
Epifaunal invert. (TL-II) nematode 0% 50% 50% 100%
Forager (TL-III) lobster 0% 75% 25% 100%
Predator (TL-IV) flounder 0% 90% 10% 100%



Note: Shaded cells can not be changed within PRAM.
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Table  7. The default dietary preferences used by PRAM (version 1.4C) and the Trophic Level determined by diet for each compartment modeled in the food chain.



PRAM Default Dietary Preferences



Suspended 
Solids
(UWC)



Suspended 
Solids
(LWC)



Sediment Phyto 
plankton Zoo plankton



Pelagic 
Plankitivore 



herring



Attached 
Algae



Reef Sessile 
Filter Feeder 



bivalve



Invertebrate 
Omnivore 
sea urchin



Reef
Invertebrate
Forager crab



Reef
Vertebrate



Forager 
triggerfish



Infaunal 
Benthos



Epifaunal 
Benthos



Benthic 
Forager 
lobster  TROPHIC 



LEVEL



% Diet



Trophic Level 1.125 1.250 1.500 1.000 2.056 3.056 1.000 2.131 2.226 3.177 2.965 2.461 2.702 3.521
Pelagic Community
Phytoplankton (TL1) 1.0000
Zooplankton (TL-II) 15.0% 15.0% 70.0% 2.0563 100%
Planktivore (TL-III) 100.0% 3.0563 100%
Piscivore (TL-IV) 10.0% 90.0% 3.9563 100%
Reef / Vessel Community
Attached Algae 1.0000
Sessile filter feeder (TL-II) 10.0% 80.0% 10.0% 2.1306 100%
Invertebrate Omnivore (TL-I 80.0% 20.0% 2.2261 100%
Invertebrate Forager (TL-III) 5.0% 5.0% 5.0% 35.0% 50.0% 3.1769 100%
Vertebrate Forager (TL-III) 19.0% 19.0% 15.0% 22.0% 12.5% 12.5% 2.9648 100%
Predator (TL-IV)1 15.0% 60.0% 8.0% 8.0% 8.0% 3.9501 99%
Benthic Community
Infaunal invert. (TL-II) 50.0% 30.0% 20.0% 2.4613 100%
Epifaunal invert. (TL-II) 25.0% 30.0% 20.0% 25.0% 2.7016 100%
Forager (TL-III) 5.0% 50.0% 45.0% 3.5213 100%
Predator (TL-IV) 2.0% 20.0% 20.0% 58.0% 4.1049 100%



1 Note that the default setting in PRAM only accounts for 99% of the diet (reef invertebrate forager should be 16%); This error has minimal impact on the model results.
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Suspended 
Solids (UWC)



Suspended 
Solids (LWC) Phyto-plankton Zoo-plankton



Pelagic 
Planktivore 



(herring)



Encrusting 
Algae



Reef Sessile 
Filter Feeder 



(mussel)



Invertebrate 
Omnivore 
(urchin)



Reef 
Invertebrate 



Forager (crab)



Reef 
Vertebrate 



Forager 
(triggerfish)



Infaunal 
Benthos 



(polychaete)



Epifaunal 
Benthos 



(nematode)



Benthic 
Forager 
(lobster)



Total



Day 1 day 0% 10% 80% 10% 0% 100%
Day 7 week 0% 10% 80% 10% 0% 100%
Day 14 2 week 0% 10% 80% 10% 0% 100%
Day 28 month 0% 10% 80% 10% 0% 100%
Day 180 6 mon 0% 10% 80% 10% 0% 100%
Day 360 yr 0% 10% 80% 10% 0% 100%
Day 720 2 yr 0% 10% 80% 10% 0% 100%



Day 1 day 0% 0% 0% 0% 80% 20% 0% 100%
Day 7 week 0% 0% 0% 0% 80% 20% 0% 100%
Day 14 2 week 0% 0% 0% 0% 80% 20% 0% 100%
Day 28 month 0% 0% 0% 0% 80% 20% 0% 100%
Day 180 6 month 0% 0% 0% 0% 80% 20% 0% 100%
Day 360 yr 0% 0% 0% 0% 80% 20% 0% 100%
Day 720 2 yr 0% 0% 0% 0% 80% 20% 0% 100%



Day 1 day 10% 0% 5% 5% 0% 0% 0% 50% 30% 100%
Day 7 week 10% 0% 5% 5% 0% 5% 5% 45% 25% 100%
Day 14 2 week 10% 0% 5% 5% 0% 10% 10% 35% 25% 100%
Day 28 month 5% 0% 5% 5% 0% 20% 20% 25% 20% 100%
Day 180 6 month 5% 0% 5% 5% 0% 30% 30% 15% 10% 100%
Day 360 yr 5% 0% 5% 5% 0% 30% 40% 10% 5% 100%
Day 720 2 yr 5% 0% 5% 5% 0% 35% 50% 0% 0% 100%



Day 1 day 0% 0% 0% 25% 0% 0% 0% 0% 10% 30% 35% 100%
Day 7 week 0% 0% 0% 25% 0% 0% 0% 0% 10% 30% 35% 100%
Day 14 2 week 0% 0% 0% 25% 0% 0% 0% 0% 10% 30% 35% 100%
Day 28 month 0% 0% 0% 25% 0% 5% 5% 0% 10% 25% 30% 100%
Day 180 6 month 0% 0% 0% 22% 0% 12.5% 12.5% 8% 15% 15% 15% 100%
Day 360 yr 0% 0% 0% 22% 0% 18% 12.5% 12.5% 12.5% 12.5% 10% 100%
Day 720 2 yr 0% 0% 0% 19% 0% 19% 15% 22% 12.5% 12.5% 0% 100%



Day 1 day 0% 0% 0% 20% 0% 0% 0% 0% 0% 0% 20% 60% 100%
Day 7 week 0% 0% 0% 20% 0% 0% 0% 0% 0% 0% 20% 60% 100%
Day 14 2 week 0% 0% 0% 20% 0% 0% 0% 0% 0% 0% 20% 60% 100%
Day 28 month 0% 0% 0% 20% 0% 0% 0% 0% 0% 0% 20% 60% 100%
Day 180 6 month 0% 0% 0% 20% 0% 0% 0% 10% 10% 0% 20% 40% 100%
Day 360 yr 0% 0% 0% 10% 0% 0% 0% 15% 25% 0% 10% 40% 100%
Day 720 2 yr 0% 0% 0% 0% 0% 0% 0% 15% 60% 8% 8% 8% 99%



Table 8. Dietary preferences for the reef community during the first two years of development.



Reef Predator (TL-IV grouper)



Sessile filter feeder (TL-II mussel)



Invertebrate Omnivore (TL-II urchin)



Invertebrate Forager (TL-III crab)



Vertebrate Forager (TL-III triggerfish)
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Distance From Reef 14.7 m 0 m
1 d 1 wk 2 wk 1 mon 6 mon 1 yr 2 yr ZOI=2 ZOI=1



Days Since Sinking 1 7 14 28 180 365 730 > 2yrs > 2yrs
TL Compartment



Pelagic Community
1.00 Phytoplankton 3.13E-11 4.16E-11 5.35E-11 5.83E-11 4.66E-11 2.14E-11 1.47E-11 1.67E-09 1.86E-09
2.06 Zooplankton 4.94E-05 5.75E-05 7.26E-05 6.76E-05 5.34E-05 2.35E-05 1.82E-05 7.72E-05 1.21E-04
3.06 Herring 2.36E-04 2.74E-04 3.73E-04 3.74E-04 3.12E-04 1.32E-04 8.95E-05 3.74E-04 5.88E-04
3.96 Jack 3.03E-04 3.42E-04 4.85E-04 5.28E-04 4.81E-04 1.93E-04 1.35E-04 5.80E-04 9.13E-04



Reef / Vessel Community
1.00 Encrusting Algae 4.41E-06 5.17E-06 6.64E-06 6.42E-06 5.21E-06 2.24E-06 1.73E-06 7.23E-06 1.14E-05
2.13 Bivalve 1.04E-04 1.21E-04 1.53E-04 1.42E-04 1.10E-04 4.89E-05 3.77E-05 1.58E-04 2.49E-04
2.23 Urchin 2.12E-02 2.48E-02 3.37E-02 3.32E-02 2.70E-02 1.16E-02 7.74E-03 1.69E-02 1.72E-02
3.18 Crab 1.87E-02 2.49E-02 3.75E-02 4.55E-02 4.44E-02 2.21E-02 1.66E-02 3.62E-02 3.67E-02
2.96 Triggerfish 1.45E-02 1.70E-02 2.37E-02 3.20E-02 5.68E-02 3.04E-02 3.01E-02 6.55E-02 6.66E-02
3.95 Grouper 1.35E-02 1.57E-02 2.23E-02 2.37E-02 4.84E-02 3.52E-02 5.15E-02 1.13E-01 1.15E-01



Benthic Community
2.46 Infauna 3.61E-05 4.22E-05 5.37E-05 5.01E-05 3.92E-05 1.74E-05 1.32E-05 5.48E-05 8.62E-05
2.70 Epifauna 1.00E-04 1.17E-04 1.52E-04 1.44E-04 1.14E-04 5.03E-05 3.64E-05 1.51E-04 2.37E-04
3.52 Lobster 2.29E-04 2.68E-04 3.61E-04 3.54E-04 2.87E-04 1.24E-04 8.42E-05 3.45E-04 5.42E-04
4.10 Flounder 7.22E-04 8.44E-04 1.20E-03 1.25E-03 1.08E-03 4.49E-04 2.92E-04 1.18E-03 1.86E-03



Air concentration (g/m3) 6.68E-17 5.26E-17
Upper Water Column



Water Dissolved (mg/L) 1.90E-14 2.53E-14 3.25E-14 3.54E-14 2.83E-14 1.30E-14 8.91E-15 1.02E-12 1.13E-12
Suspended Solids (mg/kg) 2.81E-10 3.68E-10 4.62E-10 5.53E-10 5.50E-10 2.32E-10 1.92E-10 1.33E-08 1.48E-08
Dissolved Organic Carbon (mg/kg) 1.87E-09 2.45E-09 3.08E-09 3.69E-09 3.66E-09 1.55E-09 1.28E-09 1.78E-07 1.98E-07
Bulk Upper Water Col (mg/L) 3.95E-12 5.18E-12 6.50E-12 7.78E-12 7.72E-12 3.27E-12 2.70E-12 2.40E-10 2.67E-10



Lower Water Column
Water Dissolved (mg/L) 2.68E-09 3.14E-09 4.03E-09 3.89E-09 3.16E-09 1.36E-09 1.05E-09 4.39E-09 6.90E-09
Suspended Solids (mg/kg) 4.42E-05 4.46E-05 5.67E-05 6.04E-05 6.17E-05 2.37E-05 2.20E-05 1.08E-04 1.70E-04
Dissolved Organic Carbon (mg/kg) 2.95E-04 2.97E-04 3.78E-04 4.03E-04 4.11E-04 1.58E-04 1.47E-04 9.88E-04 1.55E-03
Bulk Lower Water Col (mg/L) 6.22E-07 6.27E-07 7.98E-07 8.49E-07 8.67E-07 3.33E-07 3.09E-07 1.68E-06 2.64E-06



Interior Vessel Water
Water Dissolved (mg/L) 2.08E-06 2.44E-06 3.13E-06 3.03E-06 2.46E-06 1.06E-06 8.16E-07 1.80E-06 1.80E-06
Suspended Solids (mg/kg) 3.44E-02 3.47E-02 4.41E-02 4.70E-02 4.80E-02 1.84E-02 1.71E-02 4.44E-02 4.44E-02
Dissolved Organic Carbon (mg/kg) 2.30E-01 2.31E-01 2.94E-01 3.13E-01 3.20E-01 1.23E-01 1.14E-01 4.06E-01 4.06E-01
Bulk Water Inside Vessel (mg/L) 4.84E-04 4.88E-04 6.21E-04 6.61E-04 6.74E-04 2.59E-04 2.40E-04 6.89E-04 6.89E-04



Sediment Bed
Pore Water (mg/L) 2.68E-09 3.14E-09 4.03E-09 3.89E-09 3.16E-09 1.36E-09 1.05E-09 4.39E-09 6.90E-09
Sediment  (mg/kg) 1.62E-06 2.39E-06 3.06E-06 4.58E-06 4.79E-06 3.94E-06 3.75E-06 7.19E-06 1.13E-05



Table 9. Concentrations of Total PCB in tissues and abiotic compartments predicted by TDM/PRAM at 0-15 m from the hull for day 0 - 2 
yr and steady state concentrations predicted by PRAM with a ZOI=2 and ZOI=1.



0-15 m from Reef



Compartment



Tissue Conc. Total PCB (mg/kg-WW)



steady state



Abiotic Conc. Total PCB
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A. Benchmarks for exposure to Total PCB.
Media Exposure Pathway Basis for Criterion
Water Water WB Water units Water Quality Criteria 



WQC-Chronic 0.000030 mg/L U.S. EPA 1999a Saltwater CCC (chronic)
GLWLC-Tier1 0.000074 mg/L Great Lakes Wildlfie Citeria Tier1, U.S. EPA 1995
WQC-Acute 0.010000 mg/L U.S. EPA 1999a Saltwater CCM (acute)



Sediment Sediment SB Sediment units State of Florida Sediment Assessment Guidelines (SQAGs)
TEL 0.0216 mg/Kg dry Threshold Effects Level (TEL)
PEL 0.1890 mg/Kg dry Probable Effects Level (PEL)



Tissue Food Chain TINVET, TFISH Invertebrate Fish units Potential Effects from Bioaccumulation
Residue TSV 0.4368 0.4368 mg/Kg wet Tissue Screening Value (URS 1996, 2000, Dyer et al 2000)



Bcv 0.9360 7.4463 mg/Kg wet Bioaccumulation Critical Value (Johnston 1999, Johnston et al. 2001)



Tissue Food Chain TINVET, TFISH Invertebrate Fish AF1
units Critical Body Residues



Residue NOED 0.6000 1.5000 10 mg/Kg wet No Observed Effects Dose
LOED 1.1000 1.8000 10 mg/Kg wet Lowest Observed Effects Dose



Tissue Food Chain DPREY Invertebrate Fish AF1
units Dietary Exposure



Residue Herring Gull GullNOAEL 0.8333 0.8333 10 mg/Kg wet No Observed Adverse Effects Level
Herring Gull GullLOAEL 8.3333 8.3333 10 mg/Kg wet Lowest Observed Adverse Effects Level



Cormorant CormNOAEL 0.8000 10 mg/Kg wet No Observed Adverse Effects Level
Cormorant CormLOAEL 8.0000 10 mg/Kg wet Lowest Observed Adverse Effects Level



Dolphin DolphinNOAEL 0.3166 0.3166 10 mg/Kg wet No Observed Adverse Effects Level
Dolphin DolphinLOAEL 1.5828 1.5828 10 mg/Kg wet Lowest Observed Adverse Effects Level



Sea Turtle TurtleNOAEL 2.1792 10 mg/Kg wet No Observed Adverse Effects Level
Sea Turtle TurtleLOAEL 10.8959 10 mg/Kg wet Lowest Observed Adverse Effects Level



Shark/Barracuda SharkNOAEL 2.5196 10 mg/Kg wet No Observed Adverse Effects Level
Shark/Barracuda SharkLOAEL 4.0658 10 mg/Kg wet Lowest Observed Adverse Effects Level



1. In risk characterization the benchmark (B) was divided by the Assessment Factor (AF) to adjust for uncertainty in species-to-species toxicity: B* = B/AF.



Benchmark (B)



Table 10. Ecorisk benchmark concentrations for Total PCB (A) and dioxin-like PCB congener TEQs (B). Benchmark concentrations are given for water (WB), 
sediment (SB), tissue residues of fish (TFISH) and invertebrates (TINVERT), dietary benchmarks for reef predators (DPREY), and benchmarks for maternal transfer to fish 



eggs (CEGG). 
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B. Benchmarks for exposure to dioxin-like TEQs.
Media Exposure Pathway Basis for Criterion



Tissue



Maternal 
Transfer to 
Egg CEGG Fish AF1



units Critical Body Residues
Residue Fish NOED_Rainbow 0.300 10 pg TEQ/g Egg wet No Observed Effects Dose (Rainbow Trout)



Fish NOED_Laketrout 5.000 10 pg TEQ/g Egg wet No Observed Effects Dose (Lake Trout)
Fish LOEL_Laketrout 30.000 10 pg TEQ/g Egg wet Lowest Observed Effects Dose (Lake Trout)
Fish LOEL_Rainbow(lipid) 3.000 10 pg TEQ/g Egg lipid Lowest Observed Effects Dose (Rainbow Trout)



Tissue Food Chain DPREY Invertebrate Fish AF1
Dietary Exposure



Residue Herring Gull GullNOAEL 64.815 64.815 10 pg TEQ/g wet No Observed Adverse Effects Level
Herring Gull GullLOAEL 648.148 648.148 10 pg TEQ/g wet Lowest Observed Adverse Effects Level



Cormorant CormNOAEL 62.222 10 pg TEQ/g wet No Observed Adverse Effects Level
Cormorant CormLOAEL 622.222 10 pg TEQ/g wet Lowest Observed Adverse Effects Level



Dolphin DolphinNOAEL 3.928 3.928 10 pg TEQ/g wet No Observed Adverse Effects Level
Dolphin DolphinLOAEL 17.792 17.792 10 pg TEQ/g wet Lowest Observed Adverse Effects Level



1. In risk characterization the benchmark (B) was divided by the Assessment Factor (AF) to adjust for uncertainty in species-to-species toxicity: B* = B/AF.



Benchmark
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Table 11. Tissue Screening value (TSV) for tPCB (from URS 1996, 2002).



dry:wet= 0.25 0.2



AWQCa BCFLipid
b Fishc Shellfishd



ug/L Criterion Basis L/kg wet ug/g wet ug/g dry ug/g dry
tPCB 0.014 Freshwater Chronic 31200 0.437 1.75 2.18



a Ambient Water Quality Criteria used in derivation (URS 1996, 2002)
b Lipid normalized BCF for aquatic species (URS 1996, 2002)
c Assumes that fish contain 75% moisture resulting in a dry : wet ratio of 0.25
d Assumes that shellfish contain 80% moisture resulting in a dry : wet ratio of 0.2



TSV
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dry:wet= 0.2 dry:wet= 0.25



Total PCB



WB BCFc BCFd



Chemical ug/L (L/kg wet) ug/g wet ug/g dry (L/kg wet) ug/g wet ug/g dry
Total PCB 0.030 e 31200 0.936 4.68 248209 7.446 29.79
Total PCB 0.074 f 31200 2.309 11.54 248209 18.367 73.47
Total PCB 0.120 g 31200 3.744 18.72 248209 29.785 119.14



a Assumes that invertebrates contain 80% moisture resulting in a dry : wet ratio of 0.2
b Assumes that fish contain 75% moisture resulting in a dry : wet ratio of 0.25
c Bioaccumulation in aquatic organisms from URS (1996)
d Bionconcentration factor (wet weight) for PCB based on REEFEX fish see Table 13
e Saltwater continuous (chronic) concentrations (U.S. EPA 1998b, 1999b, summarized in Buchman 1999).
f Water benchmark set to Tier I Great Lakes Wildlife Criteria (USEPA 1995)
g Water benchmark set to Great Lakes Water Quality Criteria for Protection of Wildlife (USEPA 1995)



Table 12. The calculation of bioaccumulation critical values (BCV) from bioconcentration factors 
(BCF) and water benchmarks (WB) for Total PCB in fish and invertebrates.



Shellfisha Fishb
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A. Percent dry weight and lipid content from REEFEX fish (Johnston et al. 2005a). 
sample# average
%dry 25.34
% lipid (wet weight) 3.51



B. Average fraction of homologues measured in REEFEX fish (see Figure 15)



Homolog average
Monochlorobiphenyls 0.000021
Dichlorobiphenyls 0.000480
Trichlorobiphenyls 0.007594
Tetrachlorobiphenyls 0.091651
Pentachlorobiphenyls 0.354637
Hexachlorobiphenyls 0.392479
Heptachlrobiphenyls 0.104417
Octachlorobiphenyls 0.040305
Nonachlorobiphenyls 0.007858
209 - Decachlorobiphenyl 0.000557



1.000000



C. The weighted sum of the BCF was normalized to 3% lipid for aquatic organisms (US EPA 1994).



Homolog log(Kow)a fPCB log(BCFww)b BCFww BCFww*fPCB



Monochlorobiphenyls 4.7 0.0000 3.38 2398.8 0.0
Dichlorobiphenyls 5.1 0.0005 3.78 6025.6 2.9
Trichlorobiphenyls 5.5 0.0076 4.18 15135.6 114.9
Tetrachlorobiphenyls 5.9 0.0917 4.58 38018.9 3484.5
Pentachlorobiphenyls 6.3 0.3546 4.98 95499.3 33867.6
Hexachlorobiphenyls 6.7 0.3925 5.38 239883.3 94149.3
Heptachlrobiphenyls 7.1 0.1044 5.78 602559.6 62917.7
Octachlorobiphenyls 7.5 0.0403 6.18 1513561.2 61004.3



BCFPBC  290270.4
% Lipid factor



BCFPBC  Normalized to 3% Lipid 3.51 0.8551 248208.8



a Mackay et al. 1992.
b wet weight; log(BCFww) = -1.32 + log(Kow) Mackay (1982) cited in Petersen and Kristensen (1998) 



fraction of Total PCB (fPCB)



Table 13. Calculation of fish bioconcentration factor (BCF) for Total PCB using the fraction of Total PCB 
(fPCB) present for each homologue group measured in fish from the ex-VERMILLION and reference 
reef (REEFEX Fish, Johnston et al. 2005a).
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Table 14. Critical body burdens for (A) fish and (B) invertebrate no observed (adverse) effect dose (NOED, ug/g dry weight) 
obtained from US Army Corps of Engineers Environmental Residue-Effects Database (ERED).



dry weight dry weight wet weight
(A) Fish µg/g mg/Kg mg/Kg
Chemical NOED UF NOEDERED NOEDERED ERED Citation



Total Polychorinated 
Biphenyls (tPCB) 6.00 1.00 6.00 1.50



NOED URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. 
Soc. 104:584-588. Sheepshead minnow



TEQ (dioxin toxicity 
equvalent)



5 pg TEQ/g 
Egg Cook, P. M.; et al. 2003.  Environ. Sci. Technol.;  3864-3877. Lake Trout Sac Fry mortality



TEQ (dioxin toxicity 
equvalent)



0.3 pg TEQ/g 
Roe (egg)



deBruyn, et al. 2004. Environ. Sci. Technol.; 2004; 38(23) pp 6217 - 6224; Mortality in 
salmon eqgs



(B) Invertebrate
Chemical NOED UF NOEDERED NOEDERED ERED Citation



Total Polychorinated 
Biphenyls (tPCB) 3.00 1.00 3.00 0.60



NOED URS223 1991 Velduizen-Tsoerkan, M.B., Holwerda, D.A., Zandee, D.I. Arch. 
Environ. Contam. Toxicol. 20: 259-265 Mussel



Table 14











dry weight dry weight wet weight
(A) Fish µg/g mg/Kg mg/Kg



Chemical LOED UF LOEDERED LOEDERED ERED Citation



Total Polychorinated Biphenyls 
(tPCB) 7.20 1.00 7.20 1.80



LOED URS173 1981 Mac, M.J. and J.G. Seelye Bull. Environ. Contam. Toxicol. 27:359-367. 
Trout -Lake



TEQ (dioxin toxicity equvalent)
30 pg TEQ/g 



Egg 
Cook, P. M.; et al. 2003.  Environ. Sci. Technol.;  37 (17); 3864-3877. Lake Trout Sac Fry 
mortality



TEQ (dioxin toxicity equvalent)



3 pg TEQ/g 
lipid



Roe(egg)
deBruyn, et al. 2004. Environ. Sci. Technol.; 2004; 38(23) pp 6217 - 6224; Mortality in salmon 
eqgs



(B) Invertebrate
Chemical LOED UF LOEDERED LOEDERED ERED Citation



Total Polychorinated Biphenyls 
(tPCB) 5.50 1.00 5.5 1.10



ED10 URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. 
Grass shrimp



Table 15. Critical body burdens for (A) fish and (B) invertebrate lowest observed (adverse) effect dose (LOED, ug/g dry weight) obtained from US Army Corps 
of Engineers Environmental Residue-Effects Database (ERED).



Table 15











Omnivore - Herring Gull food injestion rate (g) = 264 R= 0.24
Herring Gull body weight bw (g) = 1100 a= 0.9



fish dry:wet = 0.25 L= 1.0
invert dry:wet = 0.2 d= 1.0



Literature Herring Gull
TRVlit TRVHG



NOAELlit NOAELHG wet fisha shellfishb



Chemical Source of TRV



ug/g 
bw /day 



(wet weight) UF
ug/g bw /day 
(wet weight) F ug/g (wet) ug/g (dry) ug/g (dry)



Total PCB  Ring-neck pheasant NOAEL (Sample et al. 1996) 0.1800 1 0.18 0.2160 0.83 3.33 4.17
Total PCB  Ring-neck pheasant LOAEL (Sample et al. 1996) 1.8000 1 1.80 0.2160 8.33 33.33 41.67



pg/g bw/d UF
pg/g bw /day 
(wet weight) F pg/g (wet) pg/g (dry) pg/g (dry)



c TEQPCB



Max concn. that can occur in diet without harmful 
effects to predator species (CCME 2003). 2.4 9.6 12.0



d TEQ
Ring-neck pheasant NOAEL (Nosek et al. 1992, cited in 
Weston Inc. 2003) 14 1 14 0.2160 64.8 259.3 324.1



d TEQ
Ring-neck pheasant LOAEL (Nosek et al. 1992, cited in 
Weston Inc. 2003) 140 1 140 0.2160 648.1 2592.6 3240.7



d TEQ
American kestral threshold for reproductive effects 
(Weston Inc. 2003) 25000 1 25000 0.2160 115740.7 462963.0 578703.7



a Assumes that fish contain 75% moisture resulting in a dry : wet ratio of 0.25
b Assumes that shellfish contain 80% moisture resulting in a dry : wet ratio of 0.2
c Total dioxin toxicity equivalent quotient TEQ = sum of toxicity equivalent concentration (TEC) for dioxin-like PCBs in pg/g diet.
d Total dioxin toxicity equivalent quotient TEQ = sum of toxicity equivalent concentration TEC for dioxin-like TCDDs, PCDFs, and PCBs



DPREY



Table 16.  Calcuation of dietary benchmark for herring gull (D PRE ). The dietary benchmarks were derived from literature toxicity reference values 
(TRVlit) for ring-neck pheasant for herring gull (Larus argentatus ) consumption of fish and invertebrates.



Table 16











Piscivore (cormorant) food injestion rate (g) = 475 R= 0.25
cormorant body weight bw (g) = 1900 a= 0.9



fish dry:wet = 0.25 L= 1.0
invert dry:wet = 0.2 d= 1.0



Literature Cormorant
TRVlit TRVCormorant



NOAELlit NOAELcomorant wet fisha



Chemical Source of TRV



ug/g 
bw /day (wet 



weight) UF
ug/g bw /day 
(wet weight) F ug/g (wet) ug/g (dry)



tPCB  Aroclor Ring-neck pheasant NOAEL (Sample et al. 1996) 0.18 1 0.18 0.2250 0.80 3.20
tPCB  Aroclor Ring-neck pheasant LOAEL (Sample et al. 1996) 1.8 1 1.80 0.2250 8.00 32.00



pg/g bw/d UF
pg/g bw /day 
(wet weight) F pg/g (wet) pg/g (dry)



b TEQPCB



Max concn. that can occur in diet without harmful effects to 
predator species (CCME 2003). 2.40 9.60



c TEQ
Ring-neck pheasant NOAEL (Nosek et al. 1992, cited in 
Weston Inc. 2003) 14 1 14 0.2250 62.2 248.9



c TEQ
Ring-neck pheasant LOAEL (Nosek et al. 1992, cited in 
Weston Inc. 2003) 140 1 140 0.2250 622.2 2488.9



c TEQ
American kestral threshold for reproductive effects (Weston 
Inc. 2003) 25000 1 25000 0.2250 111111.1 444444.4



a Assumes that fish contain 75% moisture resulting in a dry : wet ratio of 0.25
b Total dioxin toxicity equivalent quotient TEQ = sum of toxicity equivalent concentration (TEC) for dioxin-like PCBs in pg/g of diet.
c Total dioxin toxicity equivalent quotient TEQ = sum of toxicity equivalent concentration TEC for dioxin-like TCDDs, PCDFs, and PCBs



DPREY



Table 17. Calcuation of dietary benchmark for cormorant (DPREY), based on benchmarks derived from literature toxicity reference values 
(TRVlit) for rink-neck pheasant for double-crested cormorant (Phalacrocorax auritus ) consumption of fish.



Table 17











Dolphin food injestion rate (g/day) = 27000 R= 0.125581
Dolphin bw  (g) = 215000 a= 0.9



fish dry:wet = 0.25 L= 1.0
invert dry:wet = 0.2 d= 1.0



TRV
Mink Dolphin



food ingestion rate (g/d) 137 27000
body weight (g) 1000 215000



TRVlit NOAEL



NOAELlit



NOAELlit*(bwtest/b
wtarget)^.25 wet fisha shellfishb



Chemical Source of TRV



ug/g 
bw /day 



(wet weight) UF
ug/g bw /day 
(wet weight) F ug/g (wet) ug/g (dry) ug/g (dry)



tPCB  Aroclor 1254 Mink NOAEL (Sample et al. 1996) 0.137 1 0.036 0.1130 0.32 1.27 1.58
tPCB  Aroclor 1254 Mink LOAEL (Sample et al. 1996) 0.685 1 0.179 0.1130 1.58 6.33 7.91



tPCB
Weathered PCBs feed to Mink NOAEL decrease in male kit bw 
(Halbrook et al. 1999) 0.120 1 0.031 0.1130 0.28 1.11 1.39



tPCB
Weathered PCBs feed to Mink LOAEL decrease in male kit bw 
(Halbrook et al. 1999) 0.230 1 0.060 0.1130 0.53 2.13 2.66



tPCB
Weathered PCBs feed to Mink NOAEL decreased kit survival 
(Bursian et al. 2003) 0.170 1 0.044 0.1130 0.39 1.57 1.96



tPCB
Weathered PCBs feed to Mink LOAEL decreased kit survival 
(Bursian et al. 2003) 0.410 1 0.107 0.1130 0.95 3.79 4.74



pg/g bw/d UF
pg/g bw /day 
(wet weight) F pg/g (wet) pg/g (dry) pg/g (dry)



c TEQPCB



Mammalian max concn. that can occur in diet without harmful 
effects to predator species (Environ. Canada 2004a). 0.79 3.16 3.95



d tTEQ
Weathered PCBs feed to Mink NOAEL decreased kit survival 
(Bursian et al. 2003) 1.70 1 0.44396 0.1130 3.93 15.71 19.64



d tTEQ
Weathered PCBs feed to Mink LOAEL decreased kit survival 
(Bursian et al. 2003) 7.70 1 2.01086 0.1130 17.79 71.17 88.96



d tTEQ Decreased kit survivability NOEAL (Heaton et al. 1995) 1.10 1 0.28727 0.1130 2.54 10.17 12.71
d tTEQ Decreased kit survivability LOEAL (Heaton et al. 1995) 4.50 1 1.17518 0.1130 10.40 41.59 51.99
d tTEQ Mink NOEAL (Brunstrom et al. 2001) 0.35 1 0.09140 0.1130 0.81 3.23 4.04
d tTEQ Mink LOEAL (Brunstrom et al. 2001) 2.40 1 0.62676 0.1130 5.55 22.18 27.73



a Assumes that fish contain 75% moisture resulting in a dry : wet ratio of 0.25
b Assumes that shellfish contain 80% moisture resulting in a dry : wet ratio of 0.2
c Total dioxin toxicity equivalent quotient TEQ = sum of toxicity equivalent concentration TEC for dioxin-like PCBs



DPREY



Table 18. Calcuation of dietary benchmark for dolphin (DPREY), based on literature toxicity reference values (TRV   lit ) for mink (Mustela vison ) to 
derive TRV for dolphin (Tursiops truncatus)  consumption of fish and shellfish prey.



Table 18











food injestion rate (g/day) = 2421 R= 0.02142478
sea turtle body weight bw (g) = 113000 a= 0.9



fish dry:wet = 0.25 L= 1.0
invert dry:wet = 0.2 d= 1.0



TRV
Mink Turtle



body weight (g) 1000 113000
TRVlit NOAEL



NOAELlit



NOAELlit*(bwtest/b
wtarget)^.25 wet fisha shellfishb



Chemical Source of TRV
ug/g bw /day 
(wet weight) UF



ug/g bw /day (wet 
weight) F ug/g (wet) ug/g (dry) ug/g (dry)



tPCB  Aroclor 1254 Mink NOAEL (Sample et al. 1996) 0.137 1 0.042 0.0193 2.18 8.72 10.90
tPCB  Aroclor 1254 Mink LOAEL (Sample et al. 1996) 0.685 1 0.210 0.0193 10.90 43.58 54.48



tPCB
Weathered PCBs feed to Mink NOAEL decrease in male kit bw 
(Halbrook et al. 1999) 0.120 1 0.037 0.0193 1.91 7.64 9.54



tPCB
Weathered PCBs feed to Mink LOAEL decrease in male kit bw 
(Halbrook et al. 1999) 0.230 1 0.071 0.0193 3.66 14.63 18.29



tPCB
Weathered PCBs feed to Mink NOAEL decreased kit survival 
(Bursian et al. 2003) 0.170 1 0.052 0.0193 2.70 10.82 13.52



tPCB
Weathered PCBs feed to Mink LOAEL decreased kit survival 
(Bursian et al. 2003) 0.410 1 0.126 0.0193 6.52 26.09 32.61



c tTEQ
Weathered PCBs feed to Mink NOAEL decreased kit survival 
(Bursian et al. 2003) 0.00170 1 0.00052 0.0193 0.0270 0.1082 0.1352



c tTEQ
Weathered PCBs feed to Mink LOAEL decreased kit survival 
(Bursian et al. 2003) 0.00770 1 0.00236 0.0193 0.1225 0.4899 0.6124



c tTEQ Decreased kit survivability NOEAL (Heaton et al. 1995) 0.00110 1 0.00034 0.0193 0.0175 0.0700 0.0875
c tTEQ Decreased kit survivability LOEAL (Heaton et al. 1995) 0.00450 1 0.00138 0.0193 0.0716 0.2863 0.3579
c tTEQ Mink NOEAL (Brunstrom et al. 2001) 0.00035 1 0.00011 0.0193 0.0056 0.0223 0.0278
c tTEQ Mink LOEAL (Brunstrom et al. 2001) 0.00240 1 0.00074 0.0193 0.0382 0.1527 0.1909



d TEQPCB



Mammal max concn. that can occur without harmful effects to
predator species (Environ. Canada 2004a). 0.00079 1 0.00024 0.0193 0.0126 0.0503 0.0628



a Assumes that fish contain 75% moisture resulting in a dry : wet ratio of 0.25
b Assumes that shellfish contain 80% moisture resulting in a dry : wet ratio of 0.2
c Total dioxin toxicity equivalent quotient TEQ = sum of toxicity equivalent concentration TEC for dioxin-like TCDDs, PCDFs, and PCBs
d Total dioxin toxicity equivalent quotient TEQ = sum of toxicity equivalent concentration TEC for dioxin-like PCBs



DPREY



Table 19. Estimate of dietary benchmarks for loggerhead sea turtle (D PREY) based on literature toxicity reference values (TRVlit)  for mink (Mustela 
vison ) and normalized to loggerhead (Caretta caretta ) consumption rate 2421 g/day and body weight 113 kg.



Table 19











Reef Forager 
(TL-III)



Reef Predator 
(TL-IV) ratio



Homologue Log(Kow)a
fPCB



b



FCM3c FCM4d
FCM4/ 
FCM3e wFCMf FCMTPCB



g



Monochlorobiphenyls 4.5 0.0000 1.70 1.32 0.78 0.00002
Dichlorobiphenyls 5.2 0.0005 3.93 3.68 0.94 0.00045
Trichlorobiphenyls 5.5 0.0076 5.85 6.65 1.14 0.00863



Tetrachlorobiphenyls 5.9 0.0917 9.01 13.00 1.44 0.13224
Pentachlorobiphenyls 6.5 0.3546 12.60 22.80 1.81 0.64172
Hexachlorobiphenyls 7.0 0.3925 13.20 24.30 1.84 0.72252
Heptachlrobiphenyls 7.2 0.1044 12.80 22.50 1.76 0.18355
Octachlorobiphenyls 7.7 0.0403 10.10 13.30 1.32 0.05308



Nonachlorobiphenyls 8.4 0.0079 4.33 2.20 0.51 0.00399
209 - Decachlorobiphenylh 9.6 0.0006 1.38 0.21 0.15 0.00008



homolog average rFCM 1.0000 1.17
TPCB 6.7 1.0000 13.20 24.40 1.85



weighted food chain multiplier for TPCB 1.75



ratio
Enpoint Source ug/g wet wFCMTPCB mg/kg wet ug/g dry
NOED Westin et al. 1983, striped bass 4.4 1.75 2.520 10.079
LOED Black et al. 1988, winter flounder 7.1 1.75 4.066 16.263



a Log(Kow) used in PRAM 1.4a (NEHC/SSC-SD 2005a)
b fraction of tPCB (fPCB) measured in representative samples of reefex fish (see Table 9)
c food chain multiplier (FCM3) obtained from Trophic Level - III prey (USEPA  2000)
d food chain multiplier (FCM4) obtained from Trophic Level - III predator (USEPA  2000)
e ratio of FCM4/FCM3
f weighted food chain multiplier for each homolog group (wFCM)



g weighted food chain multiplier for TPCB (FCMTPBC) .
h estimated using FCM for Kow=9.0



prey (fish)



Table 20. Calculation of dietary PCB benchmark for shark/barracuda based on ratio of food chain multipliers (FCM) between trophic level 
IV (TL-IV shark - FCM4) and Trophic Level III (TL-III prey - FCM3) obtained from USEPA (2000) and weighted by the fraction of PCB 



homologs (fPCB) observed in REEFEX fish (Johnston et al. 2005a).



DPREY



Table 20











Ahlborg et al. 1994 Cook et al. 2003
Homolog congener All Species Mammal_TEF Bird_TEF Fish_TEF Fish
Tetrachlorobiphenyl PCB077 0.0005 0.0001 0.05 0.0001 0.00016
Tetrachlorobiphenyl PCB081 0.0001 0.1 0.0005 0.00056
Pentachlorobiphenyl PCB105 0.0001 0.0001 0.0001 0.000005 0.000005
Pentachlorobiphenyl PCB114 0.0005 0.0005 0.0001 0.000005
Pentachlorobiphenyl PCB118 0.0001 0.0001 0.00001 0.000005 0.000005
Pentachlorobiphenyl PCB123 0.0001 0.0001 0.00001 0.000005
Pentachlorobiphenyl PCB126 0.1 0.1 0.1 0.005 0.005
Hexachlorobiphenyl PCB156 0.0005 0.0005 0.0001 0.000005 0.000005
Hexachlorobiphenyl PCB157 0.0005 0.0005 0.0001 0.000005
Hexachlorobiphenyl PCB167 0.00001 0.00001 0.00001 0.000005
Hexachlorobiphenyl PCB169 0.01 0.01 0.001 0.00005 0.01
Heptachlorobiphenyl PCB170a 0.0001 0.0001 0.00001 0.000005
Heptachlorobiphenyl PCB180a 0.00001 0.0001 0.00001 0.000005
Heptachlorobiphenyl PCB189 0.0001 0.0001 0.00001 0.000005



*TEFs used in this report (see http://www.epa.gov/toxteam/pcbid/tefs.htm)
Shaded cells indicated that TEFs are assumed to be equal to PCB189



Van den Berg et al. 1998*



Table 21. Coplanar dixon-like PCB congeners and Toxicity Equivalent Factors (TEF) for mammals, 
birds, and fish.



Table 21











A. Total PCBs released from all materials
Cl1 Cl2 PCB8 Cl3 PCB18 PCB28 Cl4 PCB44 PCB49 PCB52 PCB66 PCB077 Cl5 PCB87



Sum Mass Released by 
Analyte (g PCB) 9.30E-03 2.01E+00 2.06E-01 6.98E+00 5.73E-01 2.18E+00 1.87E+02 3.09E+01 9.61E+00 5.32E+01 8.87E+00 6.29E-02 3.72E+02 2.80E+01
Dioxin-like Congeners:
Fraction of Homolog 3.36E-04



B. Time series of PCBs released from materials expected to be on the ex-ORISKANY
Paints ex-Oriskany 95% UCL Total Vessel Mass Release (g PCB)
Leaching Time (days) Cl1 Cl2 PCB8 Cl3 PCB18 PCB28 Cl4 PCB44 PCB49 PCB52 PCB66 PCB77 Cl5 PCB87



0.008 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.101 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
7.022 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.33E-02 0.00E+00 7.93E-03 1.05E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00



21.076 0.00E+00 0.00E+00 0.00E+00 2.84E-02 0.00E+00 4.60E-03 1.11E-01 1.22E-02 8.38E-03 1.76E-02 0.00E+00 0.00E+00 2.43E-01 1.24E-02
42.044 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.87E-02 0.00E+00 0.00E+00 2.30E-02 0.00E+00 0.00E+00 3.11E-01 1.35E-02
71.241 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.15E-02 1.70E-02 6.93E-03 2.75E-02 0.00E+00 0.00E+00 3.92E-01 2.09E-02



105.081 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.48E-02 0.00E+00 0.00E+00 2.60E-02 0.00E+00 0.00E+00 3.01E-01 2.19E-02
147.088 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.78E-01 2.19E-02 8.20E-03 3.55E-02 0.00E+00 0.00E+00 5.88E-01 2.60E-02
189.030 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.49E-01 1.76E-02 0.00E+00 3.25E-02 0.00E+00 0.00E+00 4.46E-01 2.30E-02
231.006 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.20E-02 0.00E+00 0.00E+00 3.65E-02 0.00E+00 0.00E+00 3.92E-01 0.00E+00
273.125 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.14E-02 0.00E+00 0.00E+00 3.28E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
315.042 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.28E-02 0.00E+00 0.00E+00 2.87E-02 0.00E+00 0.00E+00 2.19E-02 0.00E+00
357.008 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.24E-01 2.05E-02 0.00E+00 4.24E-02 0.00E+00 0.00E+00 5.06E-01 0.00E+00
399.022 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.69E-02 0.00E+00 0.00E+00 3.01E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
469.032 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.79E-02 1.78E-02 0.00E+00 2.32E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00



Bulkhead Insulation ex-Oriskany 95% UCL Total Vessel Mass Release (g PCB)
Leaching Time (days) Cl1 Cl2 PCB8 Cl3 PCB18 PCB28 Cl4 PCB44 PCB49 PCB52 PCB66 PCB77 Cl5 PCB87



0.007 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.170 0.00E+00 0.00E+00 0.00E+00 2.38E-02 0.00E+00 1.64E-02 5.57E-01 6.50E-02 2.75E-02 1.08E-01 1.33E-02 0.00E+00 5.26E-01 0.00E+00
7.076 0.00E+00 2.72E-01 3.06E-02 3.75E-01 4.07E-02 1.03E-01 4.69E+00 7.82E-01 2.56E-01 1.22E+00 2.35E-01 0.00E+00 4.38E+00 3.75E-01



14.083 0.00E+00 4.43E-01 2.94E-02 3.79E-01 4.74E-02 1.26E-01 7.27E+00 1.17E+00 3.79E-01 1.86E+00 3.16E-01 1.33E-02 7.90E+00 6.32E-01
21.097 0.00E+00 2.15E-02 2.12E-02 3.48E-01 3.48E-02 1.17E-01 8.53E+00 1.33E+00 4.43E-01 2.09E+00 5.06E-01 0.00E+00 1.55E+01 1.14E+00
42.226 0.00E+00 3.16E-02 3.16E-02 5.37E-01 6.64E-02 1.96E-01 1.20E+01 2.05E+00 6.64E-01 3.16E+00 6.32E-01 0.00E+00 1.80E+01 1.52E+00
69.301 0.00E+00 2.87E-02 2.75E-02 5.99E-01 2.75E-02 1.92E-01 2.03E+01 2.72E+00 8.08E-01 4.19E+00 9.58E-01 0.00E+00 4.79E+01 2.99E+00
83.139 0.00E+00 0.00E+00 0.00E+00 3.75E-01 4.07E-02 1.56E-01 1.13E+01 2.00E+00 6.57E-01 3.13E+00 6.88E-01 0.00E+00 2.85E+01 2.16E+00



118.135 0.00E+00 2.47E-02 2.47E-02 5.63E-01 6.25E-02 2.13E-01 1.44E+01 2.69E+00 8.76E-01 4.38E+00 6.57E-01 2.56E-02 2.78E+01 2.31E+00
167.104 0.00E+00 2.35E-02 2.29E-02 5.57E-01 6.19E-02 2.26E-01 2.69E+01 3.71E+00 1.11E+00 6.19E+00 1.36E+00 0.00E+00 7.42E+01 4.33E+00
209.131 0.00E+00 1.63E-02 1.63E-02 4.38E-01 4.38E-02 1.56E-01 1.25E+01 2.35E+00 7.51E-01 4.07E+00 7.51E-01 0.00E+00 2.56E+01 2.50E+00
251.192 0.00E+00 0.00E+00 0.00E+00 4.95E-01 5.88E-02 1.61E-01 1.48E+01 2.69E+00 7.73E-01 4.95E+00 8.66E-01 0.00E+00 3.09E+01 2.32E+00
286.150 0.00E+00 0.00E+00 0.00E+00 3.09E-01 0.00E+00 1.18E-01 1.05E+01 1.76E+00 5.88E-01 3.09E+00 3.71E-01 0.00E+00 1.52E+01 1.67E+00
328.092 0.00E+00 0.00E+00 0.00E+00 3.71E-01 3.71E-02 8.66E-02 8.66E+00 1.76E+00 4.95E-01 3.09E+00 3.71E-01 0.00E+00 1.79E+01 1.45E+00
370.117 0.00E+00 0.00E+00 0.00E+00 4.02E-01 4.33E-02 1.24E-01 1.02E+01 1.86E+00 6.19E-01 3.71E+00 4.02E-01 0.00E+00 1.55E+01 1.61E+00
398.079 0.00E+00 0.00E+00 0.00E+00 5.32E-01 0.00E+00 7.51E-02 8.13E+00 1.44E+00 3.75E-01 2.72E+00 2.88E-01 0.00E+00 1.44E+01 1.16E+00
454.319 0.00E+00 0.00E+00 0.00E+00 5.94E-01 0.00E+00 8.13E-02 7.19E+00 1.22E+00 3.75E-01 2.28E+00 2.25E-01 0.00E+00 1.22E+01 1.03E+00



Table 22. (A) The total mass and the fraction of homolog that was composed of dioxin-like PCB congeners released during the leachrate experiments normalized to the mass of 
shipboard solids containing PCBs onboard the ex-ORISKANY.



(B) The observed time series of PCBs released from materials tested in the leachrate study that are expected to be on the ex-ORISKANY.
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Table 22. Cont.



Rubber Products ex-Oriskany 95% UCL Total Vessel Mass Release (g PCB)
Leaching Time (days) Cl1 Cl2 PCB8 Cl3 PCB18 PCB28 Cl4 PCB44 PCB49 PCB52 PCB66 PCB77 Cl5 PCB87



0.006 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.169 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
7.074 3.10E-04 8.46E-04 4.17E-05 3.55E-04 5.53E-05 7.89E-05 1.24E-03 1.69E-04 1.02E-04 3.21E-04 1.97E-05 0.00E+00 1.02E-03 0.00E+00



14.081 0.00E+00 2.54E-03 5.65E-05 4.78E-04 6.91E-05 1.04E-04 1.84E-03 3.28E-04 1.56E-04 6.34E-04 4.72E-05 0.00E+00 9.22E-04 5.01E-05
28.153 4.78E-04 6.34E-04 6.34E-05 5.76E-04 6.91E-05 1.04E-04 2.77E-03 4.44E-04 1.73E-04 9.22E-04 6.34E-05 0.00E+00 2.30E-03 1.04E-04
49.204 5.59E-04 9.12E-05 9.12E-05 4.67E-04 1.14E-04 2.05E-04 3.93E-03 6.27E-04 2.62E-04 1.25E-03 1.08E-04 0.00E+00 2.28E-03 1.48E-04
69.272 0.00E+00 8.18E-05 7.64E-05 6.55E-04 8.73E-05 1.42E-04 5.13E-03 6.55E-04 2.51E-04 1.31E-03 1.31E-04 0.00E+00 3.66E-03 2.29E-04



104.181 7.98E-04 9.69E-04 1.08E-04 7.98E-04 1.60E-04 1.88E-04 4.85E-03 7.98E-04 3.31E-04 1.54E-03 1.71E-04 0.00E+00 4.56E-03 2.34E-04
146.122 8.07E-04 1.09E-03 1.21E-04 1.21E-03 1.44E-04 4.72E-04 4.96E-03 8.07E-04 3.00E-04 1.56E-03 1.33E-04 0.00E+00 4.96E-03 2.48E-04
188.072 6.84E-04 6.84E-04 7.98E-05 7.41E-04 1.03E-04 1.25E-04 3.53E-03 6.27E-04 2.28E-04 1.20E-03 8.55E-05 0.00E+00 2.96E-03 1.60E-04
230.109 6.20E-04 7.33E-05 7.33E-05 2.59E-03 1.18E-04 3.21E-04 3.27E-03 5.13E-04 1.69E-04 1.07E-03 1.13E-04 0.00E+00 2.99E-03 1.47E-04
286.142 1.02E-03 1.18E-04 1.07E-04 2.59E-03 1.13E-04 0.00E+00 2.20E-03 4.12E-04 1.30E-04 9.02E-04 2.31E-05 0.00E+00 8.46E-04 0.00E+00
328.083 6.84E-04 4.16E-04 7.41E-05 3.93E-04 9.69E-05 0.00E+00 2.17E-03 4.28E-04 1.20E-04 9.12E-04 3.42E-05 0.00E+00 1.54E-03 7.98E-05
370.110 6.84E-04 6.27E-04 9.12E-05 5.47E-04 1.03E-04 1.08E-04 2.45E-03 4.22E-04 1.54E-04 8.55E-04 5.70E-05 0.00E+00 1.31E-03 1.03E-04
398.072 4.05E-04 9.12E-04 7.41E-05 6.84E-04 1.20E-04 7.41E-05 2.17E-03 3.99E-04 1.31E-04 7.98E-04 9.12E-05 0.00E+00 1.77E-03 0.00E+00
475.124 9.69E-04 7.41E-04 1.20E-04 1.25E-03 1.60E-04 0.00E+00 3.59E-03 5.64E-04 1.71E-04 1.14E-03 6.84E-05 0.00E+00 2.45E-03 0.00E+00



Cable Insulation ex-Oriskany 95% UCL Total Vessel Mass Release (g PCB)
Leaching Time (days) Cl1 Cl2 PCB8 Cl3 PCB18 PCB28 Cl4 PCB44 PCB49 PCB52 PCB66 PCB77 Cl5 PCB87



0.003 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.077 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
6.009 0.00E+00 7.60E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.33E-01 2.75E-02 1.54E-02 4.85E-02 0.00E+00 0.00E+00 2.75E-01 0.00E+00



20.035 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.92E-01 6.74E-02 2.66E-02 1.32E-01 1.30E-02 0.00E+00 5.01E-01 2.98E-02
40.989 0.00E+00 9.50E-02 0.00E+00 9.82E-03 6.49E-03 0.00E+00 6.18E-01 8.08E-02 3.01E-02 1.58E-01 1.90E-02 0.00E+00 1.01E+00 4.59E-02
62.235 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.91E-01 9.66E-02 2.85E-02 1.74E-01 2.22E-02 0.00E+00 9.66E-01 5.86E-02
90.010 0.00E+00 2.81E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.33E-01 8.88E-02 2.81E-02 1.63E-01 1.10E-02 0.00E+00 9.33E-01 5.48E-02



125.028 0.00E+00 0.00E+00 0.00E+00 3.04E-02 0.00E+00 2.40E-02 6.40E-01 1.02E-01 3.04E-02 2.24E-01 1.60E-02 2.40E-02 1.07E+00 7.52E-02
166.998 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.88E-01 1.06E-01 2.72E-02 2.08E-01 2.40E-02 0.00E+00 1.41E+00 6.72E-02
208.968 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.29E-01 9.74E-02 3.56E-02 2.14E-01 2.73E-02 0.00E+00 1.43E+00 5.23E-02
250.982 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.18E-01 8.87E-02 3.17E-02 1.90E-01 1.90E-02 0.00E+00 8.39E-01 6.02E-02
300.024 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.54E-01 6.81E-02 0.00E+00 1.74E-01 1.41E-02 0.00E+00 3.48E-01 0.00E+00
341.964 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.23E-01 8.23E-02 2.06E-02 1.90E-01 1.74E-02 0.00E+00 7.92E-01 5.07E-02
383.993 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.16E-01 1.22E-01 4.32E-02 2.88E-01 2.56E-02 0.00E+00 1.02E+00 1.06E-01
411.955 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.36E-01 8.80E-02 2.88E-02 1.92E-01 2.56E-02 0.00E+00 1.17E+00 7.36E-02
474.981 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.08E-01 7.84E-02 3.20E-02 1.76E-01 0.00E+00 0.00E+00 6.72E-01 3.68E-02



Vent. Gaskets ex-Oriskany 95% UCL Total Vessel Mass Release (g PCB)
Leaching Time (days) Cl1 Cl2 PCB8 Cl3 PCB18 PCB28 Cl4 PCB44 PCB49 PCB52 PCB66 PCB77 Cl5 PCB87



0.006 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.169 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
7.074 4.98E-05 1.36E-04 6.70E-06 5.70E-05 8.87E-06 1.27E-05 1.99E-04 2.71E-05 1.63E-05 5.16E-05 3.17E-06 0.00E+00 1.63E-04 0.00E+00



14.081 0.00E+00 4.07E-04 9.06E-06 7.67E-05 1.11E-05 1.66E-05 2.96E-04 5.27E-05 2.50E-05 1.02E-04 7.58E-06 0.00E+00 1.48E-04 8.04E-06
28.153 7.67E-05 1.02E-04 1.02E-05 9.24E-05 1.11E-05 1.66E-05 4.44E-04 7.12E-05 2.77E-05 1.48E-04 1.02E-05 0.00E+00 3.70E-04 1.66E-05
49.204 8.96E-05 1.46E-05 1.46E-05 7.50E-05 1.83E-05 3.29E-05 6.31E-04 1.01E-04 4.21E-05 2.01E-04 1.74E-05 0.00E+00 3.66E-04 2.38E-05
69.272 0.00E+00 1.31E-05 1.23E-05 1.05E-04 1.40E-05 2.28E-05 8.23E-04 1.05E-04 4.03E-05 2.10E-04 2.10E-05 0.00E+00 5.86E-04 3.68E-05



104.181 1.28E-04 1.55E-04 1.74E-05 1.28E-04 2.56E-05 3.02E-05 7.77E-04 1.28E-04 5.30E-05 2.47E-04 2.74E-05 0.00E+00 7.32E-04 3.75E-05
146.122 1.29E-04 1.76E-04 1.94E-05 1.94E-04 2.31E-05 7.58E-05 7.95E-04 1.29E-04 4.81E-05 2.50E-04 2.13E-05 0.00E+00 7.95E-04 3.98E-05
188.072 1.10E-04 1.10E-04 1.28E-05 1.19E-04 1.65E-05 2.01E-05 5.67E-04 1.01E-04 3.66E-05 1.92E-04 1.37E-05 0.00E+00 4.76E-04 2.56E-05
230.109 9.95E-05 1.18E-05 1.18E-05 4.16E-04 1.90E-05 5.16E-05 5.25E-04 8.23E-05 2.71E-05 1.72E-04 1.81E-05 0.00E+00 4.80E-04 2.35E-05
286.142 1.63E-04 1.90E-05 1.72E-05 4.16E-04 1.81E-05 0.00E+00 3.53E-04 6.60E-05 2.08E-05 1.45E-04 3.71E-06 0.00E+00 1.36E-04 0.00E+00
328.083 1.10E-04 6.68E-05 1.19E-05 6.31E-05 1.55E-05 0.00E+00 3.48E-04 6.86E-05 1.92E-05 1.46E-04 5.49E-06 0.00E+00 2.47E-04 1.28E-05
370.110 1.10E-04 1.01E-04 1.46E-05 8.78E-05 1.65E-05 1.74E-05 3.93E-04 6.77E-05 2.47E-05 1.37E-04 9.15E-06 0.00E+00 2.10E-04 1.65E-05
398.072 6.49E-05 1.46E-04 1.19E-05 1.10E-04 1.92E-05 1.19E-05 3.48E-04 6.40E-05 2.10E-05 1.28E-04 1.46E-05 0.00E+00 2.84E-04 0.00E+00
475.124 1.55E-04 1.19E-04 1.92E-05 2.01E-04 2.56E-05 0.00E+00 5.76E-04 9.05E-05 2.74E-05 1.83E-04 1.10E-05 0.00E+00 3.93E-04 0.00E+00
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Table 22. Cont.



A. Total PCBs released fr



Sum Mass Released by 
Analyte (g PCB)
Dioxin-like Congeners:
Fraction of Homolog



B. Time series of PCBs re
Paints
Leaching Time (days)



0.008
1.101
7.022



21.076
42.044
71.241



105.081
147.088
189.030
231.006
273.125
315.042
357.008
399.022
469.032



Bulkhead Insulation
Leaching Time (days)



0.007
1.170
7.076



14.083
21.097
42.226
69.301
83.139



118.135
167.104
209.131
251.192
286.150
328.092
370.117
398.079
454.319



PCB101 PCB105 PCB114 PCB118 PCB123 PCB126 Cl6 PCB128 PCB138 PCB153 PCB156 PCB157 PCB167 PCB169 Cl7



4.41E+01 1.04E+01 3.62E-01 2.37E+01 0.00E+00 0.00E+00 8.09E+01 2.37E+00 1.09E+01 8.79E+00 6.29E-01 2.63E-02 9.63E-02 0.00E+00 3.71E+00



2.79E-02 9.72E-04 6.36E-02 0.00E+00 0.00E+00 7.78E-03 3.25E-04 1.19E-03 0.00E+00



PCB101 PCB105 PCB114 PCB118 PCB123 PCB126 Cl6 PCB128 PCB138 PCB153 PCB156 PCB157 PCB167 PCB169 Cl7
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.08E-02
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.02E-02
2.16E-02 6.49E-03 0.00E+00 1.04E-02 0.00E+00 0.00E+00 1.20E-01 0.00E+00 8.52E-03 1.33E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.00E-01
2.30E-02 8.25E-03 0.00E+00 1.76E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
3.53E-02 0.00E+00 0.00E+00 2.22E-02 0.00E+00 0.00E+00 3.01E-01 0.00E+00 1.96E-02 1.57E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
3.83E-02 0.00E+00 0.00E+00 3.28E-02 0.00E+00 0.00E+00 2.19E-01 0.00E+00 3.28E-02 3.28E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4.10E-02 1.50E-02 0.00E+00 3.01E-02 0.00E+00 0.00E+00 3.83E-01 0.00E+00 2.60E-02 3.96E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
3.38E-02 1.15E-02 0.00E+00 2.70E-02 0.00E+00 0.00E+00 2.57E-01 0.00E+00 2.03E-02 3.11E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4.46E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.05E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00



PCB101 PCB105 PCB114 PCB118 PCB123 PCB126 Cl6 PCB128 PCB138 PCB153 PCB156 PCB157 PCB167 PCB169 Cl7
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.26E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.09E-01
5.00E-01 1.16E-01 0.00E+00 2.41E-01 0.00E+00 0.00E+00 7.19E-01 0.00E+00 5.94E-02 3.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.69E-01
1.04E+00 2.21E-01 0.00E+00 5.37E-01 0.00E+00 0.00E+00 8.85E-01 4.43E-02 1.20E-01 7.90E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.99E-01
1.80E+00 4.43E-01 2.88E-02 1.07E+00 0.00E+00 0.00E+00 2.28E+00 7.59E-02 2.97E-01 1.58E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.50E+00 6.01E-01 3.79E-02 1.52E+00 0.00E+00 0.00E+00 2.81E+00 1.39E-01 4.43E-01 6.01E-01 4.43E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4.79E+00 1.50E+00 8.98E-02 3.29E+00 0.00E+00 0.00E+00 1.11E+01 4.19E-01 1.47E+00 6.28E-01 1.50E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00
3.44E+00 1.00E+00 5.63E-02 2.38E+00 0.00E+00 0.00E+00 5.00E+00 2.38E-01 9.38E-01 5.94E-01 6.88E-02 0.00E+00 0.00E+00 0.00E+00 4.69E-01
3.75E+00 1.06E+00 0.00E+00 2.47E+00 0.00E+00 0.00E+00 5.63E+00 2.47E-01 9.69E-01 5.32E-01 8.44E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
7.42E+00 2.04E+00 9.59E-02 5.26E+00 0.00E+00 0.00E+00 1.89E+01 4.95E-01 2.41E+00 1.30E+00 2.01E-01 0.00E+00 6.19E-02 0.00E+00 1.39E+00
3.75E+00 1.13E+00 5.32E-02 2.25E+00 0.00E+00 0.00E+00 5.94E+00 2.69E-01 1.09E+00 1.22E+00 8.13E-02 2.63E-02 3.44E-02 0.00E+00 5.94E-01
3.40E+00 6.19E-01 0.00E+00 1.33E+00 0.00E+00 0.00E+00 6.19E+00 1.73E-01 7.42E-01 8.35E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.38E+00 4.64E-01 0.00E+00 8.97E-01 0.00E+00 0.00E+00 2.41E+00 0.00E+00 5.88E-01 8.35E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.13E+00 3.40E-01 0.00E+00 6.50E-01 0.00E+00 0.00E+00 4.33E+00 1.36E-01 4.95E-01 5.26E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.38E+00 2.54E-01 0.00E+00 4.64E-01 0.00E+00 0.00E+00 3.09E+00 9.90E-02 3.40E-01 4.64E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.75E+00 2.03E-01 0.00E+00 3.13E-01 0.00E+00 0.00E+00 4.07E+00 0.00E+00 4.07E-01 3.75E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.47E+00 1.28E-01 0.00E+00 2.00E-01 0.00E+00 0.00E+00 4.07E+00 0.00E+00 2.47E-01 3.03E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 22. Cont.



Rubber Products
Leaching Time (days)



0.006
1.169
7.074



14.081
28.153
49.204
69.272



104.181
146.122
188.072
230.109
286.142
328.083
370.110
398.072
475.124



Cable Insulation
Leaching Time (days)



0.003
1.077
6.009



20.035
40.989
62.235
90.010



125.028
166.998
208.968
250.982
300.024
341.964
383.993
411.955
474.981



Vent. Gaskets
Leaching Time (days)



0.006
1.169
7.074



14.081
28.153
49.204
69.272



104.181
146.122
188.072
230.109
286.142
328.083
370.110
398.072
475.124



PCB101 PCB105 PCB114 PCB118 PCB123 PCB126 Cl6 PCB128 PCB138 PCB153 PCB156 PCB157 PCB167 PCB169 Cl7
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.99E-04
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.76E-04
3.55E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.24E-04
1.04E-04 0.00E+00 0.00E+00 2.94E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.44E-04
2.25E-04 0.00E+00 0.00E+00 9.80E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.79E-04 4.50E-05 0.00E+00 1.43E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
3.93E-04 8.73E-05 0.00E+00 2.51E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4.56E-04 0.00E+00 0.00E+00 2.68E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4.32E-04 1.15E-04 0.00E+00 2.65E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.68E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.59E-04 0.00E+00 0.00E+00 1.07E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.18E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.43E-04 3.08E-05 0.00E+00 5.47E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.37E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
7.98E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.43E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00



PCB101 PCB105 PCB114 PCB118 PCB123 PCB126 Cl6 PCB128 PCB138 PCB153 PCB156 PCB157 PCB167 PCB169 Cl7
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.42E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.50E-02
5.17E-02 1.33E-02 0.00E+00 2.82E-02 0.00E+00 0.00E+00 4.23E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.39E-01
8.55E-02 2.06E-02 0.00E+00 5.70E-02 0.00E+00 0.00E+00 2.53E-01 0.00E+00 1.20E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.05E-01 2.53E-02 0.00E+00 6.97E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.04E-01 2.52E-02 0.00E+00 7.85E-02 0.00E+00 0.00E+00 3.26E-01 0.00E+00 3.26E-02 2.81E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.22E-02
1.54E-01 4.80E-02 0.00E+00 1.04E-01 0.00E+00 0.00E+00 6.40E-01 3.68E-02 4.16E-02 4.80E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.12E-01 2.40E-02 0.00E+00 7.04E-02 0.00E+00 0.00E+00 4.48E-01 0.00E+00 2.56E-02 4.32E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
9.03E-02 0.00E+00 0.00E+00 4.16E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.55E-02 2.22E-02 0.00E+00 4.59E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
5.86E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.23E-02 1.74E-02 0.00E+00 3.80E-02 0.00E+00 0.00E+00 1.90E-01 0.00E+00 1.90E-02 1.74E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.60E-01 4.16E-02 0.00E+00 7.84E-02 0.00E+00 0.00E+00 3.20E-01 0.00E+00 4.64E-02 4.16E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
8.64E-02 0.00E+00 0.00E+00 3.36E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
6.08E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00



PCB101 PCB105 PCB114 PCB118 PCB123 PCB126 Cl6 PCB128 PCB138 PCB153 PCB156 PCB157 PCB167 PCB169 Cl7
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.80E-05
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.43E-05
5.70E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.41E-05
1.66E-05 0.00E+00 0.00E+00 4.71E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.12E-05
3.61E-05 0.00E+00 0.00E+00 1.57E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4.48E-05 7.23E-06 0.00E+00 2.29E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
6.30E-05 1.40E-05 0.00E+00 4.03E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
7.32E-05 0.00E+00 0.00E+00 4.30E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
6.93E-05 1.85E-05 0.00E+00 4.25E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4.30E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
4.16E-05 0.00E+00 0.00E+00 1.72E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.90E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.29E-05 4.94E-06 0.00E+00 8.78E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.20E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.28E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.29E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 22. Cont.



A. Total PCBs released fr



Sum Mass Released by 
Analyte (g PCB)
Dioxin-like Congeners:
Fraction of Homolog



B. Time series of PCBs re
Paints
Leaching Time (days)



0.008
1.101
7.022



21.076
42.044
71.241



105.081
147.088
189.030
231.006
273.125
315.042
357.008
399.022
469.032



Bulkhead Insulation
Leaching Time (days)



0.007
1.170
7.076



14.083
21.097
42.226
69.301
83.139



118.135
167.104
209.131
251.192
286.150
328.092
370.117
398.079
454.319



PCB170 PCB180 PCB183 PCB184 PCB187 PCB189 Cl8 PCB195 Cl9 PCB206 Cl10 PCB209 tPCBs



7.73E-02 1.43E-01 7.95E-02 1.63E-01 1.53E-01 0.00E+00 0.00E+00 0.00E+00 4.00E-02 2.56E-02 2.24E-02 2.24E-02 6.53E+02



2.08E-02 3.85E-02 0.00E+00



PCB170 PCB180 PCB183 PCB184 PCB187 PCB189 Cl8 PCB195 Cl9 PCB206 Cl10 PCB209 tPCBs
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 1.05E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.08E-02
0.00E+00 0.00E+00 0.00E+00 9.16E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.13E-01
0.00E+00 0.00E+00 0.00E+00 1.15E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.03E-01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.60E-01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.55E-01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.04E-01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.15E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.52E-01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.84E-01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.14E-02
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.47E-02
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.30E-01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.69E-02
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.79E-02



PCB170 PCB180 PCB183 PCB184 PCB187 PCB189 Cl8 PCB195 Cl9 PCB206 Cl10 PCB209 tPCBs
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 2.94E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.42E+00
0.00E+00 0.00E+00 0.00E+00 2.00E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.07E+01
0.00E+00 0.00E+00 0.00E+00 2.43E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.71E+01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.67E+01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.34E+01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.99E+01
0.00E+00 0.00E+00 3.00E-02 2.56E-02 2.88E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.56E+01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.84E+01
7.73E-02 8.35E-02 4.95E-02 0.00E+00 6.81E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.22E+02
0.00E+00 5.94E-02 0.00E+00 0.00E+00 5.63E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.51E+01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.25E+01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.84E+01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.13E+01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.92E+01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.71E+01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.40E+01
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Table 22. Cont.



Rubber Products
Leaching Time (days)



0.006
1.169
7.074



14.081
28.153
49.204
69.272



104.181
146.122
188.072
230.109
286.142
328.083
370.110
398.072
475.124



Cable Insulation
Leaching Time (days)



0.003
1.077
6.009



20.035
40.989
62.235
90.010



125.028
166.998
208.968
250.982
300.024
341.964
383.993
411.955
474.981



Vent. Gaskets
Leaching Time (days)



0.006
1.169
7.074



14.081
28.153
49.204
69.272



104.181
146.122
188.072
230.109
286.142
328.083
370.110
398.072
475.124



PCB170 PCB180 PCB183 PCB184 PCB187 PCB189 Cl8 PCB195 Cl9 PCB206 Cl10 PCB209 tPCBs
0.00E+00 0.00E+00 0.00E+00 4.62E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.99E-04
0.00E+00 0.00E+00 0.00E+00 4.51E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.76E-04
0.00E+00 0.00E+00 0.00E+00 5.08E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.29E-03
0.00E+00 0.00E+00 0.00E+00 6.34E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.22E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.76E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.33E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.52E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.20E-02
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.30E-02
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.61E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.55E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.77E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.20E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.62E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.93E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.01E-03



PCB170 PCB180 PCB183 PCB184 PCB187 PCB189 Cl8 PCB195 Cl9 PCB206 Cl10 PCB209 tPCBs
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00 1.16E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.22E+00
0.00E+00 0.00E+00 0.00E+00 1.02E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.07E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.99E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.46E+00
0.00E+00 0.00E+00 0.00E+00 1.05E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.13E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.00E-02 2.56E-02 2.24E-02 2.24E-02 2.45E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.55E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.05E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.46E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.03E-01
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.50E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.16E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.90E+00
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.28E+00



PCB170 PCB180 PCB183 PCB184 PCB187 PCB189 Cl8 PCB195 Cl9 PCB206 Cl10 PCB209 tPCBs
0.00E+00 0.00E+00 0.00E+00 7.42E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.80E-05
0.00E+00 0.00E+00 0.00E+00 7.24E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.43E-05
0.00E+00 0.00E+00 0.00E+00 8.14E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.89E-04
0.00E+00 0.00E+00 0.00E+00 1.02E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.98E-04
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.08E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.18E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.53E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.92E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.09E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.38E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.53E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.09E-03
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.34E-04
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.02E-04
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.52E-04
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.45E-03
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Tetrachlorobiphenyl Pentachlorobiphenyl Hexachlorobiphenyl Heptachlorobiphenyl



Total g PCB 
Released



Fraction 
Dioxin-like 
Congener



Total g PCB 
Released



Fraction 
Dioxin-like 
Congener



Total g PCB 
Released



Fraction 
Dioxin-like 
Congener



Total g 
PCB 



Released



Fraction 
Dioxin-like 
Congener



homolog 187.14722 372.12908 80.86429 3.71210



PCB077 0.06293 0.00034
PCB081a 0.00500 0.00003



PCB105 10.39506 0.02793
PCB114 0.36182 0.00097
PCB118 23.66006 0.06358
PCB123 0.00000 0.00000
PCB126 0.00000 0.00000



PCB156 0.62949 0.00778
PCB157 0.02627 0.00032
PCB167 0.09627 0.00119
PCB169 0.00000 0.00000



PCB170 0.07734 0.02083
PCB180 0.14294 0.03851
PCB189 0.00000 0.00000



a Congener was not measured, concentration of PCB081 was estimated assuming it was present in proportion to PCB077
   using the proptionality observered in REEFEX fish



Table  23. Summary of the g PCB of total homolog released and fraction that was contributed by dioxin-like coplanar 
congeners. See Table 22 for raw data.



HOMOCL07HOMOCL04 HOMOCL05 HOMOCL06



Table 23











A. Conversion factors from female to egg (roe) from literature.



pg/g wet f_lipid wet pg/g lipid pg/g wet f_lipid wet pg/g lipid ratio average Source Species
PCB077 3870.0 0.1690 22899.4 1340.0 0.0820 16341.5 0.714 Cook et al. 2003. lake trout
PCB077 7.9 0.0613 129.5 15.1 0.1426 105.5 0.815 deBruyn et al. 2004 premigrating sockeye salmon
PCB077 14.1 0.0101 1391.1 38.7 0.1028 376.3 0.270 deBruyn et al. 2004 postmigrating sockeye salmon



0.600
PCB081 319.0 0.1690 1887.6 99.7 0.0820 1215.9 0.644 Cook et al. 2003. lake trout
PCB081 0.7 0.0613 11.9 1.4 0.1426 10.0 0.836 deBruyn et al. 2004 premigrating sockeye salmon
PCB081 0.9 0.0101 89.1 2.8 0.1028 26.8 0.301 deBruyn et al. 2004 postmigrating sockeye salmon



0.594
PCB105 135000.0 0.1690 798816.6 43600.0 0.0820 531707.3 0.666 Cook et al. 2003. lake trout
PCB105 162.9 0.0613 2657.4 336.2 0.1426 2357.4 0.887 deBruyn et al. 2004 premigrating sockeye salmon
PCB105 144.2 0.0101 14281.2 537.1 0.1028 5224.7 0.366 deBruyn et al. 2004 postmigrating sockeye salmon



0.640
PCB114 12.2 0.0613 198.2 26.2 0.1426 184.0 0.928 deBruyn et al. 2004 premigrating sockeye salmon
PCB114 11.0 0.0101 1093.1 40.9 0.1028 398.1 0.364 deBruyn et al. 2004 postmigrating sockeye salmon



0.646
PCB118 342000.0 0.1690 2023668.6 111000.0 0.0820 1353658.5 0.669 Cook et al. 2003. lake trout
PCB118 409.9 0.0613 6687.3 818.3 0.1426 5738.4 0.858 deBruyn et al. 2004 premigrating sockeye salmon
PCB118 348.8 0.0101 34533.7 1282.4 0.1028 12475.0 0.361 deBruyn et al. 2004 postmigrating sockeye salmon



0.629
PCB123 13.6 0.0613 222.5 20.7 0.1426 145.0 0.652 deBruyn et al. 2004 premigrating sockeye salmon
PCB123 8.8 0.0101 875.2 30.6 0.1028 297.3 0.340 deBruyn et al. 2004 postmigrating sockeye salmon



0.496
PCB126 2470.0 0.1690 14615.4 731.0 0.0820 8914.6 0.610 Cook et al. 2003. lake trout
PCB126 2.5 0.0613 40.5 4.1 0.1426 29.0 0.718 deBruyn et al. 2004 premigrating sockeye salmon
PCB126 2.0 0.0101 200.0 6.6 0.1028 63.8 0.319 deBruyn et al. 2004 postmigrating sockeye salmon



0.549
PCB156c 60500.0 0.1690 357988.2 16200.0 0.0820 197561.0 0.552 Cook et al. 2003. lake trout
PCB156 28.5 0.0613 464.6 47.9 0.1426 335.9 0.723 deBruyn et al. 2004 premigrating sockeye salmon
PCB156 24.8 0.0101 2457.4 70.3 0.1028 684.2 0.278 deBruyn et al. 2004 postmigrating sockeye salmon



0.518
PCB157 7.9 0.0613 128.5 14.2 0.1426 99.6 0.775 deBruyn et al. 2004 premigrating sockeye salmon
PCB157 6.6 0.0101 657.4 19.8 0.1028 192.6 0.293 deBruyn et al. 2004 postmigrating sockeye salmon



0.534
PCB167 18.1 0.0613 295.4 31.6 0.1426 221.7 0.750 deBruyn et al. 2004 premigrating sockeye salmon
PCB167 17.0 0.0101 1687.1 43.2 0.1028 420.3 0.249 deBruyn et al. 2004 postmigrating sockeye salmon



0.500



Table 24. Parameters from the literature used for calculating transfer from female to egg (A) and estimating concentrations of congeners (B) and the lip
content of eggs (C).



Female (Muscle) Egg (Roe) (EF) egg/female ratio
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Table 24. Cont.



pg/g wet f_lipid wet pg/g lipid pg/g wet f_lipid wet pg/g lipid ratio average Source Species
Female (Muscle) Egg (Roe) (EF) egg/female ratio



PCB169 143.0 0.1690 846.2 38.3 0.0820 467.1 0.552 Cook et al. 2003. lake trout
PCB169 0.7 0.0613 11.4 0.6 0.1426 3.9 0.344 deBruyn et al. 2004 premigrating sockeye salmon
PCB169 0.5 0.0101 46.5 0.9 0.1028 8.9 0.192 deBruyn et al. 2004 postmigrating sockeye salmon



0.363
PCB189 1.5 0.0613 24.3 2.2 0.1426 15.4 0.632 deBruyn et al. 2004 premigrating sockeye salmon
PCB189 1.5 0.0101 151.5 2.2 0.1028 21.5 0.142 deBruyn et al. 2004 postmigrating sockeye salmon



0.387



B. Conversion factors for estimating tissue concentrations based on available data.
wet weight congener



Ratio of to basis Species average Source Comment
PCB081 PCB077 0.0824 Lake Trout Cook et al. 2003. lake trout
PCB081 PCB077 0.0919 Sockeye Salmon deBruyn et al. 2004 premigrating sockeye salmon
PCB081 PCB077 0.0641 Sockeye Salmon deBruyn et al. 2004 postmigrating sockeye salmon



Site 0.0795
PCB156 PCB167 2.43 Reference Black Sea Bass Johnston et al. 2005 REEFEX fish
PCB156 PCB167 2.41 Target Black Sea Bass Johnston et al. 2005 REEFEX fish
PCB156 PCB167 2.22 Reference Vermillion Snapper Johnston et al. 2005 REEFEX fish
PCB156 PCB167 2.57 Target Vermillion Snapper Johnston et al. 2005 REEFEX fish
PCB156 PCB167 2.19 Reference White Grunt Johnston et al. 2005 REEFEX fish
PCB156 PCB167 2.78 Target White Grunt Johnston et al. 2005 REEFEX fish
PCB156 PCB167 2.50 all fish 2.5000 Johnston et al. 2005 REEFEX fish



PCB157 PCB167 0.69 Reference Black Sea Bass Johnston et al. 2005 REEFEX fish
PCB157 PCB167 0.62 Target Black Sea Bass Johnston et al. 2005 REEFEX fish
PCB157 PCB167 0.64 Reference Vermillion Snapper Johnston et al. 2005 REEFEX fish
PCB157 PCB167 0.61 Target Vermillion Snapper Johnston et al. 2005 REEFEX fish
PCB157 PCB167 0.68 Reference White Grunt Johnston et al. 2005 REEFEX fish
PCB157 PCB167 0.59 Target White Grunt Johnston et al. 2005 REEFEX fish
PCB157 PCB167 0.64 all fish 0.6400 Johnston et al. 2005 REEFEX fish



Johnston et al. 2005 REEFEX fish



C. Average lipid content of eggs (roe) reported from literature. f_eggLIPIDw
%lipid content (wet weight) mass fraction lipid/wet weight Average



8.2 0.0820 Cook et al. 2003. lake trout
14.26 0.1426 deBruyn et al. 2004 premigrating sockeye salmon
10.28 0.1028 deBruyn et al. 2004 postmigrating sockeye salmon



0.1091
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Media Exposure Pathway Benchmarksa Endpoint Stressor
Primary Producer Total PCB
Primary Consumer Total PCB
Secondary Consumer Total PCB
Tertiary Consumer Total PCB
Primary Producer Total PCB
Primary Consumer Total PCB
Secondary Consumer Total PCB
Primary Producer Total PCB
Primary Consumer Total PCB
Secondary Consumer Total PCB
Tertiary Consumer Total PCB
Primary Consumer Total PCB
Secondary Consumer Total PCB, TEQ
Tertiary Consumer Total PCB, TEQ
Avian Omnivore (Herring Gull) Total PCB, TEQ
Avian Piscivore (Cormorant) Total PCB, TEQ
Tertiary Consumer (Sea Turtle) Total PCB
Tertiary Consumer (Dolphin) Total PCB, TEQ
Tertiary Consumer (Shark) Total PCB



a Benchmarks listed are for conservative and less conservative, respectively.



Table 25. Summary of media, exposure pathways, benchmarks, endpoints, and stressors evaluated for the ecorisk analysis. The 
attributes evaluated for each assessment enpoint were growth, reproduction, and survival.



Dietary Exposure
NOAEL, LOAELFood Chain



Water



Sediment



Tissue Residue



Tissue Residue



Food Chain



Water



Sediment



Water Quality Criteria
WQC-Chronic, WQC-Acute



Potential Sediment Effects
TEL, PEL



Tissue Residue Food Chain



Potential Bioaccumulation 
Effects 



TSV, Bcv



Critical Body Residues 
NOED, LOED
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Table1 Water Species Aroclor Duration Effect Effect Reference mg/L
2 saltwater Sheepshead minnow 1254 96 hr chronic early life cycle test Schimmel et al. 1974 0.00010
6 saltwater Sheepshead minnow 1254 28 days chronic affected reproduction Hansen et al. 1973 0.00014
6 saltwater Communities of Organisms 1254 4 mos chronic affected community composition Hansen 1974 0.00060
6 saltwater Sheepshead minnow 1254 21 days chronic LC50 survival Schimmel et al. 1974 0.00093
6 saltwater Pink Shrimp 1254 15 days chronic 51% mortality Nimmo et al. 1971 0.00094
6 saltwater Ciliate protozoans 1254 96 hour chronic reduced growth Cooley et al. 1973 0.00100
6 saltwater Pink Shrimp 1254 15 days chronic LC50 survival Nimmo & Bahner 1976 0.00100
6 saltwater Eastern oyster 1254 24 weeks chronic reduced growth Lowe undated 0.00500
6 saltwater Pinfish 1254 14-35 days chronic 41 to 66% mortality Hansen et al. 1971 0.00500
6 saltwater Spot 1254 20-45 days chronic 51 to 62 % mortality Hansen et al. 1971 0.00500
6 saltwater Spot 1254 15 days2 chronic liver pathogenesis Nimmo et al. 1971 0.00500
2 saltwater Sheepshead minnow 1016 96 hr chronic early life cycle test Hansen et al. 1975 0.00714
6 saltwater Fiddler Crab 1254 38 days chronic inhibited molting Finerman & Fingerman 1978 0.00800
6 saltwater Amphipod 1254 30 days chronic mortality Wildish 1970 0.01000
6 saltwater Grass shrimp 1254 1 hour chronic avoidance Hansen et al. 1974b 0.01000
6 saltwater Pinfish 1254 1 hour chronic avoidance Hansen et al. 1974b 0.01000



6 saltwater Sheepshead minnow 1254 28 days chronic
lethargy, reduced feeding, fin rot, 
mortality Hansen et al. 1973 0.01000



6 saltwater Sheepshead minnow 1254 21 days chronic mortality Schimmel et al. 1974 0.01000
1 saltwater Eastern oyster 1016 24 hr acute EC50 growth Hansen et al. 1974a 0.01020
1 saltwater brown shrimp 1016 24 hr acute LC50 survival Hansen et al. 1974a 0.01050
1 saltwater grass shrip 1016 24 hr acute LC50 survival Hansen et al. 1974a 0.01250
1 saltwater Eastern oyster 1254 24 hr acute EC50 growth Lowe undated 0.01400
1 saltwater Eastern oyster 1248 24 hr acute EC50 growth Lowe undated 0.01700
6 saltwater Pinfish 1016 42 days chronic 50% mortality Hansen et al. 1974a 0.02100



6 saltwater Grass shrimp 1254 4 days chronic
water efflux affected and altered 
metabolic state Roesijadi et al. 1976a,b 0.02500



6 saltwater Pink Shrimp 1248 48 hrs chronic LC Lowe undated 0.03200
6 saltwater Pink Shrimp 1254 48 hrs chronic LC Lowe undated 0.03200
1 saltwater Eastern oyster 1260 24 hr acute EC50 growth Lowe undated 0.06000
6 saltwater Ciliate protozoans 1248 96 hour chronic reduced growth Cooley et al. 1973 1.00000
6 saltwater Ciliate protozoans 1260 96 hour chronic reduced growth Cooley et al. 1973 1.00000
6 saltwater fiddler crab 1242 4 days chronic greater dispersion of melanin Finerman & Fingerman 1978 2.00000



2 A 15-day exposure was assumed



Table 26. Data on the effects of water exposure to PCBs (as Technical Aroclors) reported in U.S. EPA 1980. 



1 The table the data were reported in U.S. EPA 1980.



Table 26











A. Hazard Quotients for abiotic media modeled by PRAM.



WQC-Chronic GLWLC-Tier1 WQC-Acute
Upper Water Column 0.000 0.000 0.000
Lower Water Column 0.088 0.036 0.000
Internal Vessel Water 22.980 9.316 0.069
Sediment Pore Water 0.000 0.000 0.000



TEL PEL
Bulk sediment 0.377 0.153



B. Hazard Quotients for tissue residues modeled by PRAM for each Trophic Level (TL).



Assessment Factor (AF)1 na na 10 10 10 10 10 10
TSV Bcv NOED LOED NOAEL LOAEL NOAEL LOAEL



Pelagic Community
Phytoplankton (TL1) 0.000 0.000
Zooplankton (TL-II) 0.000 0.000 0.002 0.001
Planktivore (TL-III) Herring 0.001 0.000 0.004 0.003 0.019 0.004 0.007 0.001
Piscivore (TL-IV) Jack 0.002 0.000 0.006 0.005 0.029 0.006 0.011 0.001



Reef / Vessel Community
Attached Algae (TL1) 0.000 0.000
Sessile filter feeder (TL-II) Bivalve 0.001 0.000 0.004 0.002 0.008 0.002
Invertebrate Omnivore (TL-II) Urchin 0.039 0.018 0.287 0.157 0.544 0.109
Invertebrate Forager (TL-III) Crab 0.084 0.039 0.612 0.334 1.161 0.232
Vertebrate Forager (TL-III) Triggerfish 0.152 0.009 0.444 0.370 2.103 0.421 0.832 0.083
Predator (TL-IV) Grouper 0.262 0.015 0.764 0.637 3.622 0.724 1.433 0.143



Benthic Community
Infauna invert. (TL-II) Polychaete 0.000 0.000 0.001 0.001
Epifaunal invert. (TL-II) Nematode 0.001 0.000 0.004 0.002 0.007 0.001
Forager (TL-III) Lobster 0.001 0.001 0.009 0.005 0.017 0.003
Predator (TL-IV) Flounder 0.004 0.000 0.012 0.010 0.059 0.012 0.023 0.002



1. The benchmark was divided by the Assessment Factor to account for species-to-species differences.



Bioaccumulation Effects Critical Body Residues



  Table 27. Summary of ecorisk HQs obtained for maximum exposure to Total PCB (days since sinking > 730, steady state, ZOI=1).



Water Benchmarks



Sediment Benchmarks



Tissue Residue Benchmarks



Dolphin Cormorant
Dietary Exposure



Table 27 - 1











B. Hazard Quotients for tissue residue



Assessment Factor (AF)1



Pelagic Community
Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack



Reef / Vessel Community
Attached Algae (TL1)
Sessile filter feeder (TL-II) Bivalve
Invertebrate Omnivore (TL-II) Urchin
Invertebrate Forager (TL-III) Crab
Vertebrate Forager (TL-III) Triggerfish
Predator (TL-IV) Grouper



Benthic Community
Infauna invert. (TL-II) Polychaete
Epifaunal invert. (TL-II) Nematode
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



1. The benchmark was divided by the Assessment Factor to account for species-to-species differences.



  Table 27. Summary of ecorisk HQs ocontinued.



continued.



10 10 10 10 10 10
NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL



0.007 0.001 0.002 0.001
0.011 0.001 0.004 0.002



0.003 0.000 0.001 0.000
0.207 0.021 0.079 0.016
0.441 0.044 0.169 0.034
0.799 0.080 0.264 0.164
1.376 0.138 0.455 0.282



0.001 0.000 0.000 0.000
0.003 0.000 0.001 0.000
0.007 0.001 0.002 0.000
0.022 0.002 0.007 0.005



Loggerhead Turtle



Tissue Residue Benchmarks cont.
Dietary Exposure



Herring Gull Shark



Table 27 - 2











 



Table 28. Major hurricanes making landfall in Florida during 2004 (from Horn 2005). 



 



 



 Table - 28











 



Table 29. Total suspended solids (TSS) concentration, water discharge and TSS discharge near the mouth of the Mississippi River (A) 
and Homolog and total PCB discharge near the mouth of the Mississippi River (B). Data from Rostad et al. 1994. 



A. 



Jun-88 Apr-89 Jun-89 Mar-90 Jun-90
TSS conc g day-1 18 146 170 140 183
water discharge m3 sec-1 5600 22500 20100 26700 23300
TSS discharge g day-1 8709120000 2.83824E+11 2.95229E+11 3.22963E+11 3.68401E+11  



 



B. 



PCB discharge g day-1 Jun-88 Apr-89 Jun-89 Mar-90 Jun-90
cl5 280.6272 710.1327 4155.017 4173.481 2302.887
cl6 793.4976 19853.17 13355.41 13644.07 14901.03
cl7 106.4448 1069.017 682.6099 674.1777 812.7836
cl8 21.28896 259.6184 118.7148 208.674 223.5155
total 1201.859 21891.94 18311.75 18700.4 18240.22  



NOTES: 



The United States Geological Survey measured concentrations of penta-, hexa-, hepta-, and octachlorobiphenyls across various 
transects along the Mississippi River (Rostad et al, 1994). PCB concentrations in fine (<63 um), suspended sediments were measured, 
as well as fine, suspended sediment concentrations, and river flow rates. PCB flux rates were calculated from these measurements. 
Dissolved PCB concentrations and concentrations of other PCB homologs were not measured.  



The river flow, suspended sediment load, and PCBs released for the four measured homologs and total PCBs at Belle Chase, Louisiana, 
near the mouth of the Mississippi River are shown in the tables above. Measurements were taken from 1988 to 1990 during spring 
flow conditions. Mean total PCB discharge across the sampling dates was 15650 g day-1. Bootstrapping, a statistical resampling 
technique (Efron and Gong, 1983), was used to estimate a mean standard error of +/- 3330 g day-1 in the discharge rate.  



The river estimate probably under predicts the actual load because only the four most prominent of the possible ten homologs were 
measured, and PCBs dissolved in the water or adsorbed to larger suspended particles were ignored. The average was also impacted by 
exceptional drought conditions in 1988 (Rostad et al, 1994). 
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Table 30. Estimate of half-life of PCBs on the ex-ORISKANY and amount of PCBs leached from the vessel over ten years assuming a 
first-order constant release rate.  



 



PCB fraction PCB release rate PCB release rate Material on board PCBs on Board
Material g PCB/g material ng PCB/gPCB day g PCB/gPCB day Kg g



Ventilation Gasket 0.0000314 1577.140 1.57714E-06 1459 45.8
Black Rubber Material 0.0000529 1577.140 1.57714E-06 5397 285.5
Electrical Cable 0.0018500 278.987 2.78987E-07 296419 548375.2
Bulkhead Insulation 0.0005370 67635.360 6.76354E-05 14379 7721.5
Aluminum Paint 0.0000200 11148.298 1.11483E-05 386528 7730.6



564158.55 g PCB
564.16 Kg PCB



1243.74 lbs PCB
PCBs remaining after 10 years



half-life t (ten years) PCBs remaining amount leached % Leached
Material year d g g %



Ventilation Gasket 1,204                     3650 45.5 0.263 0.57%
Black Rubber Material 1,204                     3650 283.9 1.639 0.57%
Electrical Cable 6,807                     3650 547817.0 558.128 0.10%
Bulkhead Insulation 28                          3650 6032.4 1689.137 21.88%
Aluminum Paint 170                        3650 7422.3 308.252 3.99%



561601.13 2557.42 g PCB
561.60 2.56 Kg PCB



1238.11 5.64 lbs PCB
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11. Figures 



  











A.



B.



Official U.S. Navy Photograph, 
from the collections of the Naval 
Historical Center.



PEO Ships File Photo



Figure 1. The aircraft carrier ORISKANY as she left San Francisco Naval Shipyard, CA, on 
27 April 1959, following installation of her new angled flight deck and hurricane bow (A) and 
pier side at Port of Pensacola March 2005 undergoing preparations for possible beneficial 
reuse as an artificial reef (B).











Figure 2. The proposed location for sinking the ex-ORISKANY to create an artificial reef 
off the coast of Pensacola, FL (from FFWCC 2003).











Green and Red points indicate Public Reefs
Purple points are private deployments
Blue symbols denote refugia reefs



$
$



$



$



$
$



$



N
N



N NN N
N



N NN N
NN



N



N N
NN



N
N N



N NN
N N



N
N NN



N



N N N
N N



N N N
N NN



N
N NN



N N
N



N N
N N N



N N N



NN
NN



N
N N



N NN
N N



N N
N N



N N N
N N N



N N
NNN



N N N



N N
N N



NN N
N



N
NNN



N



NN
N NN



N N
NNN



N N NN
N N N



N
N N N



N NN
N N



N
N N N



NN N
NN



N N
N



N N N
N N NN



N N N
NN



N NN
N NN



N N
N NN N



NN
N NN



N
N N N NN



N
NN N



NNN
N



N



N N N
N N



N N
N N



N NN
N NN



N



N N N N N
NN



N N
N NN



N



NNN
N NN



NN
N NN



NN
N N



N NN
NN



N
NNN



N NN N
NN



N
N N



N N
N N



NN
NN N



N N
NN N



NN



N N
N



N N



#
#



#
# #



#



##



#



# #



# ##
# #



##
#



#####



#
###



#



##
####### ##



# ###
## ## ###



#



## #
## ### #



####
### ##



# ### ## ## ##



#



$
$$$$$$ $



$
$$ $



$
$$$ $$$



$



$



$



$$



#
#



#



#



#
# # # # # # #



# #
#



6 0 6 12 Miles



N



EW



S



#



#



#
#



# # #
#



#



#



#



#



#



#



#



#



#



#



#



#
#



#



#



#



#



#



#



#



#



#



###
#



#



#



#



#



#



#



#



#



###



#



# # #



# #



#



# # # #



# # #



#



#



#



#



#



#



#



#



#



# #



#



#



#



#



#



#



#



#



#



#



#



#



#
#



#



#



# #
#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



11 N.Miles



1,2 00 fe et



#



Estimated 236 feet deep



###



7
N.M



iles



$
$



$



$



$
$



$



N
N



N NN N
N



N NN N
NN



N



N N
NN



N
N N



N NN
N N



N
N NN



N



N N N
N N



N N N
N NN



N
N NN



N N
N



N N
N N N



N N N



NN
NN



N
N N



N NN
N N



N N
N N



N N N
N N N



N N
NNN



N N N



N N
N N



NN N
N



N
NNN



N



NN
N NN



N N
NNN



N N NN
N N N



N
N N N



N NN
N N



N
N N N



NN N
NN



N N
N



N N N
N N NN



N N N
NN



N NN
N NN



N N
N NN N



NN
N NN



N
N N N NN



N
NN N



NNN
N



N



N N N
N N



N N
N N



N NN
N NN



N



N N N N N
NN



N N
N NN



N



NNN
N NN



NN
N NN



NN
N N



N NN
NN



N
NNN



N NN N
NN



N
N N



N N
N N



NN
NN N



N N
NN N



NN



N N
N



N N



#
#



#
# #



#



##



#



# #



# ##
# #



##
#



#####



#
###



#



##
####### ##



# ###
## ## ###



#



## #
## ### #



####
### ##



# ### ## ## ##



#



$
$$$$$$ $



$
$$ $



$
$$$ $$$



$



$



$



$$



#
#



#



#



#
# # # # # # #



# #
#



6 0 6 12 Miles



N



EW



S



$
$



$



$



$
$



$



N
N



N NN N
N



N NN N
NN



N



N N
NN



N
N N



N NN
N N



N
N NN



N



N N N
N N



N N N
N NN



N
N NN



N N
N



N N
N N N



N N N



NN
NN



N
N N



N NN
N N



N N
N N



N N N
N N N



N N
NNN



N N N



N N
N N



NN N
N



N
NNN



N



NN
N NN



N N
NNN



N N NN
N N N



N
N N N



N NN
N N



N
N N N



NN N
NN



N N
N



N N N
N N NN



N N N
NN



N NN
N NN



N N
N NN N



NN
N NN



N
N N N NN



N
NN N



NNN
N



N



N N N
N N



N N
N N



N NN
N NN



N



N N N N N
NN



N N
N NN



N



NNN
N NN



NN
N NN



NN
N N



N NN
NN



N
NNN



N NN N
NN



N
N N



N N
N N



NN
NN N



N N
NN N



NN



N N
N



N N



#
#



#
# #



#



##



#



# #



# ##
# #



##
#



#####



#
###



#



##
####### ##



# ###
## ## ###



#



## #
## ### #



####
### ##



# ### ## ## ##



#



$
$$$$$$ $



$
$$ $



$
$$$ $$$



$



$



$



$$



#
#



#



#



#
# # # # # # #



# #
#



6 0 6 12 Miles



N



EW



S
6 0 6 12 Miles



N



EW



S



#



#



#
#



# # #
#



#



#



#



#



#



#



#



#



#



#



#



#
#



#



#



#



#



#



#



#



#



#



###
#



#



#



#



#



#



#



#



#



###



#



# # #



# #



#



# # # #



# # #



#



#



#



#



#



#



#



#



#



# #



#



#



#



#



#



#



#



#



#



#



#



#



#
#



#



#



# #
#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



11 N.Miles



1,2 00 fe et



#



Estimated 236 feet deep



###



7
N.M



iles



#



#



#
#



# # #
#



#



#



#



#



#



#



#



#



#



#



#



#
#



#



#



#



#



#



#



#



#



#



###
#



#



#



#



#



#



#



#



#



###



#



# # #



# #



#



# # # #



# # #



#



#



#



#



#



#



#



#



#



# #



#



#



#



#



#



#



#



#



#



#



#



#



#
#



#



#



# #
#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



#



11 N.Miles



1,2 00 fe et



#



Estimated 236 feet deep



###



7
N.M



iles



Proposed location 
of Oriskany 
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Figure 3. The proposed location of ex-ORISKANY artificial reef within the Escambia East 
Large Area Artificial Reef site and the location of existing public, private, and refugia 



reefs within the area (from FFWCC 2004).
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Figure 4. The conceptualized leaching behavior of PCBs from ship-board solids tested 
under laboratory conditions that mimicked (ambient pressure and temperature) shallow 



water artificial reef conditions (from George et al. 2005).











Figure 5. A screen shot of data from coastal areas of the SE U.S. from the US 
EPA EMAP Program used to estimate background. http://epamap2.epa.gov/coastal2k/viewer.htm





http://epamap2.epa.gov/coastal2k/viewer.htm
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Figure 6. The range of Total PCB concentrations observed in fish tissue sampled as part 
of EMAP along the Gulf Coast (Louisianan Province), SE Atlantic Coast (Carolinian 



Province) and IMAP data for three samples collected offshore of Pensacola, Fl.











Figure 7. Computer model of the Virtual Oriskany with the shell plating removed to show decks and bulkheads (Bartlett et al. 2005).
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Fig. 8. Cutaway of Virtual Oriskany showing some of the areas where PCBs were removed (Bartlett et al. 2005).
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Fig. 9. The average (AVE) and 95% upper confidence level (95UCL) PCB release rates from solid materials onboard the ex-ORISKANY before 
(A) and after (B) vessel cleanup and the release rates used in the PRAM and TDM models.
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Fig. 10. The Conceptual Site Exposure Model showing the exposure pathways evaluated for the ecorisk assessment. Note that exposure to 
recreational fishers and divers was evaluated by the Human Health Risk Assessment.
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Fig. 11. The reef community modeled by PRAM and the exposure pathways (solid arrows) and receptor species (white boxes) evaluated for the 
ecorisk assessment. 
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Fig. 12. Ecological communities modeled by PRAM (modified from Figure 8 in PRAM Documentation (NEHC/SSC-SD 2006a). The 
ratios in parenthesis show the percentage of exposure to upper water column (UWC) and lower water column (LWC) for the Pelagic 



Community, LWC and pore water (PW) for the Benthic Community, and LWC and interior vessel water (IVW) for the Reef Community.
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Fig. 13. The change in physical dimensions of PRAM as a function of ZOI for distance from 
ship (A), the volumes of the upper and lower water columns (B), and the sediment bed (C). The 
interior vessel volume remains constant at 5.38 x 104 m3.
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Fig. 14. The Total PCB mg/Kg WW concentrations modeled in the biological compartments of 
PRAM using default inputs and ZOI=1.
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Fig. 15. Fraction of total PCB measured in each homolog group in fish collected from the ex-
VERMILLION and reference reef during the REEFEX study (see Table 13).











Fig. 16. Example of tissue residue effects data for PCB obtained from the ERED database. 
If available, benchmarks were selected for any fish species and marine invertebrates
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Fig. 17. Development of “Low Effects” (LOED) and “No Effects” (NOED) levels for fish tissue 
residues data obtained from ERED database.
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Fig. 18. Development of “Low Effects” (LOED) and “No Effects” (NOED) levels for invertebrate 
tissue residue data obtained from the ERED database.
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Fig. 19. Time series of Total PCB concentrations predicted by the TDM for the upper water column, lower water column, and 
sediment pore water within 0-15 m of the ship for the first two years following sinking and the steady state concentrations predicted 
by PRAM with ZOI=2 and ZOI=1. The water quality benchmarks are also shown.
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Fig. 20. Concentrations of Total PCB predicted in the water column 0-45 m from the reef by TDM and the steady state water 
concentrations predicted by PRAM for ZOI=5. The water quality benchmarks are also shown.
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Fig. 21. Time series of Total PCB concentrations predicted by the TDM for the interior vessel water for the first two years following 
sinking and the steady state concentrations predicted by PRAM with a ZOI=2 and ZOI=1. The water quality benchmarks are also 
shown.
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Fig. 22. Effects data for salt-water species exposed to technical Aroclors (U.S. EPA 1980), the WQC benchmarks, and the 
interior vessel water (IVW) concentration predicted by PRAM. 
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Fig. 23. Time series of Total PCB concentrations predicted by the TDM for sediment within 0-15 m, ZOI=2, and ZOI=1 (A) and 
0-45 m, ZOI=5 (B) of the ship for the first two years following sinking and the steady state concentrations predicted by PRAM. 
The sediment quality benchmarks are also shown for 0 – 15 m concentrations (A).
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Fig. 24. Time series of Total PCB concentrations predicted by PRAM for the Pelagic Community within 0-15 m of the reef for the first 
two years following sinking and the steady state concentrations with ZOI=2 and ZOI=1. EMAP data for Atlantic croaker (white 
symbols) and spot (yellow symbols) are average (min and max) for all data from the Louisianan Province (diamond), Gulf Coast of 
Florida (large square), and Carolinian Province (circles). IMAP data are for three samples of sea trout, spot, and sea pig collected 
offshore of Pensacola (small squares). 
*The AF-adjusted dolphin benchmark (DolphinNOAEL/AF) for consumption of prey is also shown.
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Fig. 25. Time series of Total PCB concentrations predicted by PRAM for the Benthic Community within 0-15 m of the reef for the first 
two years following sinking and the steady state concentrations with a ZOI=2 and ZOI=1. EMAP data for Atlantic croaker (white 
symbols) and spot (yellow symbols) are average (min and max) for all data from the Louisianan Province (diamond), Gulf Coast of 
Florida (large square), and Carolinian Province (circles). IMAP data are for three samples of sea trout, spot, and sea pig collected 
offshore of Pensacola (small squares). 
*The AF-adjusted dolphin benchmark (DolphinNOAEL/AF) for consumption of prey is also shown.
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Fig. 26. Time series of Total PCB concentrations predicted by PRAM for the Reef Community within 0-15 m of the reef for the first 
two years following sinking and the steady state concentrations with ZOI=2 and ZOI=1. EMAP data for Atlantic croaker (white 
symbols) and spot (yellow symbols) are average (min and max) for all data from the Louisianan Province (diamond), Gulf Coast of 
Florida (large square), and Carolinian Province (circles). IMAP data are for three samples of sea trout, spot, and sea pig collected 
offshore of Pensacola (small squares). 
*The AF-adjusted dolphin benchmark (DolphinNOAEL/AF) for consumption of prey is also shown.
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Fig. 27. Potential effects from bioaccumulation suggested by the HQs of tissue residues predicted by PRAM with a ZOI=1 for the 
tissue screening value (TSV) and bioaccumulation critical value (Bcv).
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Fig. 28. Potential effects from critical body residues exceeding no effect and low effect levels for invertebrates and fish suggested by 
the HQs of tissue residues predicted by PRAM with a ZOI=1.
*Benchmarks are for the AF-adjusted no observed effects dose (NOED/AF) and the lowest observed effects dose (LOED/AF).
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Fig. 29. Potential effects from dietary exposure to reef consumers exceeding no effect levels suggested by the HQs of tissue 
residues predicted by PRAM with a ZOI=1.
*Benchmarks are for the AF-adjusted dietary no observed adverse effect levels (NOAEL/AF).
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Fig. 30. Potential effects from dietary exposure to reef consumers exceeding low effect levels suggested by the HQs of tissue 
residues predicted by PRAM with a ZOI=1. 
*Benchmarks are for the AF-adjusted dietary lowest observed adverse effect levels (LOAEL/AF).
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Fig. 31. Dioxin-like mammalian TEQs for food chain residues predicted by PRAM with a ZOI=1.
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Fig. 32. Dioxin-like avian TEQs for food chain residues predicted by PRAM with a ZOI=1.
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Fig. 33. Potential effects from dietary exposure of TEQ to dolphins suggested by the HQs of tissue residues predicted by PRAM with 
a ZOI=1.
*Benchmarks are for the AF-adjusted TEQ benchmarks (NOAEL/AF and LOAEL/AF) for dietary exposure to dolphins.
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Fig. 34. Potential effects from dietary exposure of TEQ to cormorants suggested by the HQs of tissue residues predicted by PRAM 
with a ZOI=1. 
*Benchmarks are for the AF-adjusted TEQ benchmarks (NOAEL/AF and LOAEL/AF) for dietary exposure to cormorants.











HQ* for Gull Dietary Exposure to TEQ (ZOI=1)



0.00



0.02



0.04



0.06



0.08



0.10
Zo



o



B
iv



al
ve



U
rc



hi
n



Po
ly



ch
ae



te



N
em



at
od



e



H
er



rin
g



C
ra



b



Tr
ig



ge
rf



is
h



Lo
bs



te
r



Ja
ck



G
ro



up
er



Fl
ou



nd
er



H
Q



Gull_NOAEL*
Gull_LOAEL*



TL3 TL4TL2



Fig. 35. Potential effects from dietary exposure of TEQ to herring gulls suggested by the HQs of tissue residues predicted by PRAM 
with a ZOI=1. 
*Benchmarks are for the AF-adjusted TEQ benchmarks (NOAEL/AF and LOAEL/AF) for dietary exposure to gulls.
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Fig. 36. Dioxin-like TEQs in fish eggs (wet weight) based on food chain residues predicted by PRAM with a ZOI=1.
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Fig. 37. Dioxin-like TEQs in fish eggs (lipid weight) based on food chain residues predicted by PRAM with a ZOI=1.
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Fig. 38. Potential effects from TEQ exposure of fish eggs (wet weight) suggested by the HQs of fish egg tissue residues based on
predictions by PRAM with a ZOI=1.
*Benchmarks are for the AF-adjusted TEQ benchmarks (NOAEL/AF and LOAEL/AF) for maternal transfer to fish eggs.
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Fig. 39. Potential effects from TEQ exposure of fish eggs (lipid weight) suggested by the HQs of fish egg tissue residues based on 
predictions by PRAM with a ZOI=1.
*Benchmarks are for the AF-adjusted TEQ benchmark (LOAEL/AF) for maternal transfer to fish eggs.
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Fig. 40. The food web magnification factors (FWMF) for coplanar (co) and non-coplanar PCBs reported in the literature and simulated 
by PRAM for tetra- and pentachlorobiphenyls.
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Fig. 41. The food web magnification factors (FWMF) for coplanar (co) and non-coplanar PCBs reported in the literature and simulated 
by PRAM for hexa- and heptachlorobiphenyls.
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Fig. 42. The range of food web magnification factors (FWMF) for coplanar (red) and non-coplanar (yellow) PCBs reported in the 
literature and simulated by PRAM (blue) for tetra-, penta-, hexa-, and heptachlorobiphenyls. Literature values are from Fisk et al. 
2001, Mackintosh et al. 2004, and Wan et al. 2005.
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Fig. 43. Changes in 
water, sediment, and 
biota concentrations as 
function of PCB Release 
Rate. Default release rate 
is 7.62 x 108 ng/day.











Fig. 44. Changes in water, sediment, and biota concentrations as
function of bottom current (m/hr). Default bottom current is 926 m/h.
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Fig. 45. Changes in 
concentrations of PCBs in the 
reef community as function of 
increasing bivalve exposure to 
interior vessel water. Default 
exposure is 0%. The same data 
are presented in both figures, 
upper figure present data on a log 
scale.
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Fig. 46. The SSD and benchmarks for low effects from tissue residues and predicted biota concentrations from PRAM (ZOI=1) for 
fish (A) and invertebrates (B).
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Fig. 47 The concentration of pentachlorobiphenyl in the interior of the ship modeled by TDM as function of fraction of bottom current 
which was held constant at 926 m/h (0.5 nautical miles per hour).
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Fig. 48. The interior vessel water is modeled as a homogenous mixture of PCBs with a porous boundary (upper diagram), but 
in reality a gradient will exist (lower diagram) with lower PCB concentrations near the limited openings where foraging fish and
invertebrates are more apt to occur. 
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Fig. 49. Tracks of eleven named hurricanes in the vicinity of the ex-ORISKANY reef site from 1970 to 2004. Data from 
NOAA 2005.
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A.1 Response to Comments from U.S. EPA Round 1 (Comments Received Fri, Oct. 14, 2005) 



Below are the consolidated review comments prepared by the U.S. Environmental Protection Agency’s Office of Research and Development (ORD), 
Office of Prevention, Pesticides, and Toxic Substances (OPPTS), and Region 4. 
   GENERAL COMMENTS
# COMMENT  RESPONSE



1 EPA reviewed this document with the expectation that it would be a stand-
alone report, self-contained with respect to descriptions of all steps of an 
ecological risk assessment, and organized and communicated in a manner 
that would facilitate understanding of assessment design, analyses, findings 
and interpretation.  Unfortunately, this expectation was not met.  The primary 
audience for this document is EPA.  EPA has developed and adopted a 
general framework for ecological risk assessment, as communicated in US 
EPA (1992, 1998) and other documentation.  Communication of the 
ecological risk assessment approach, analyses and findings would be better 
served if this document was reorganized to map more directly onto that 
framework.  Specifically, the materials currently presented in Sections 3-8 
should be restructured into sections of problem formulation, analysis (with 
major subsections for characterizations of exposure and ecological effect) 
and risk characterization.  Alternatively, if the Navy used some other credible 
framework as a model for organizing their assessment, that model should be 
cited early in the document.  This general issue is revisited in specific 
comments -below. 



Thank you for your helpful comments. The final report will be revised to more 
clearly communicate the assessment design, analyses, findings, and 
interpretation. The final report will be restructured to more closely follow the 
US EPA risk assessment framework as recommended. 
 



2 The informational content of any given section of the document is internally 
diverse and often inconsistent with subsection headings.  As one illustration 
of this, Section 4.2.1.1, which should describe primary producers and their 
attributes as assessment endpoints (the title of Section 4.2 being 
“Assessment Endpoints and Receptor Species”), devotes nearly half of its 
(brief) text to a description of how risk to this group of species was evaluated 
(in a fashion redundant with Section 5).  Yet, by title anyway, Section 5 of 
the document purports to describe the “ecological risk methodology.”  To 
enhance the transparency of the assessment, a more linear approach 
should be adopted to communicate salient information, with cross 
references supplied to other sections as needed (or desired).  For the 
example described, this would translate into removing material from Section 
4.2.1.1 that does not directly describe primary producer entities and their 
attributes as assessment endpoints, receptor species chosen as surrogates 
for the assessment endpoint, and the rationale for these choices. 



The final report will be revised to incorporate the suggested changes. 
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3 The unexpectedly low editorial quality of the document does a disservice to 



the assessment.  The document would benefit from a thorough editorial 
review for grammar, syntax and clarity, and to reduce redundancy. 



Editorial and grammatical errors will be corrected throughout the report. 



SPECIFIC COMMENTS 
1 List of Equations, pp. xv-xvi:  Without indication of what each equation 



describes, this list has little value.  EPA recommends identifying each 
equation by name (e.g., “calculation of Total PCB”), or striking the listing. List 
of Equations, pp. xv-xvi:  Without indication of what each equation 
describes, this list has little value.  EPA recommends identifying each 
equation by name (e.g., “calculation of Total PCB”), or striking the listing. 



The list of equations will be deleted. 



2 Glossary of Terms, pp. xvii-xxv:  A Glossary is potentially valuable to 
ensuring understanding of the meaning and usage by the Navy of technical 
terms, acronyms, and so on.  However, several of the definitions provided 
are nonstandard, incomplete, or by their construction, misleading or 
incorrect.  For example, “algae” is defined as “microscopic plants...[that] live 
floating or suspended in water...” (emphasis added), thereby excluding 
macroscopic forms of algae, such as kelp and Ulva, as well as encrusting 
forms.  As another example, “assessment endpoint” is given a meaning that 
differs from its generally accepted, more formal definition of “an explicit 
expression of the environmental value that is to be protected, operationally 
defined by an ecological entity and its attributes” (US EPA 1998), Suter’s 
original definition notwithstanding.  [As an aside, imprecise use of the term 
“assessment endpoint” in the earlier document A Screening Level Ecological 
risk Assessment for Using Former Navy Vessels to Construct Artificial 
Reefs, Final Report (dated July 17, 2003), confounded interpretation of 
screening-level assessment activities and findings, as noted in the review of 
that document.]  Continuing, the definitions provided for “bioaccumulation,” 
“bioconcentration” and “biomagnification” imply that these terms are in some 
regards interchangeable, when in fact, standard usage differentiates among 
them (bioaccummulation is the net accumulation of a chemical via all routes 
of exposure, bioconcentration is net accumulation directly from water, and 
biomagnification is a phenomenon in which certain chemicals accumulate at 
higher concentrations in higher levels of a food chain through dietary 
routes).  Some entries, such as “SWMU” (solid waste management unit) are 
not even used in the body of the document (although they suggest the 
origins of the glossary), and other seemly important terms, like TRV (toxicity 
reference value) are missing.  Other examples abound.   
The concern here is more than pedantic.  Improper or loose definition of 
standard terms in a Glossary can mislead the reader about assessment 
approaches, analyses and findings.  Further, improper use of these terms 



The glossary of terms will be updated and corrected. 
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within the body of the report itself can confound the Navy’s own 
understanding and interpretation of what they’ve done.  EPA recommends 
that the Navy review the Glossary, and use here and throughout the 
document definitions that are more generally accepted by the scientific 
community.  In doing so, they should rely upon such documents as US EPA 
(1998), and standard aquatic toxicology and ecological risk assessment 
texts.  If their (unstated) objective is to facilitate understanding by a lay 
audience, formal definitions can be augmented with their plain-English 
interpretations.  However, this document is a technical one by its very 
nature; EPA does not support efforts to render it less technical that result in 
imprecise communication of its objectives, analyses and findings. 



3 Section 3, pp. 3-1–3-9:  Following General Comment 1, all of the material in 
this section should be considered part of problem formulation. 



The revised final report will be reorganized as suggested. 



4 Section 3.2, p. 3-3:  The Background section of this document cites a report 
by Hynes et al. (2004).  That report is a Documented Briefing that was 
prepared by the RAND Corporation for the Navy.  That RAND document 
contains important background information on the precedent setting nature 
of the pending EPA decision that should be reflected in a revision to the 
Navy’s Draft Final ERA. 



As is documented in the Minutes of the SAB Polychlorinated Biphenyl - 
Artificial Reef Risk Assessment (PCB-ARRA) Consultative Panel Meeting, 
August 1-2, 2005, it is anticipated that only 12 ex-Navy warships are being 
considered for use in creating artificial reefs: "This assessment is precedent 
setting and will be important to future decisions regarding 12 other ships that 
have been identified for possible deployment as artificial reefs." 
http://www.epa.gov/sab/05minutes/pcb_artificial_reef_08_01_05_minutes.pd
f This information will be provided in the revised final report. The implications 
of the potential cumulative impact of these ships will be addressed as part of 
the national permitting process. 



5 Section 3.3.1, pp. 3-4–3-6:  This subsection excerpts text from the State of 
Florida’s application for the ex-Oriskany, describing among other things the 
results of model-based stability analyses for the ex-Oriskany under different 
scenarios of sinking site depth and storm intensity.  The conclusion drawn in 
this excerpt, and by implication in the risk assessment, is that the ship would 
remain reasonably “stable” (by some unstated definition) during 50 and 100-
year storm events with certain assumptions made regarding orientation, etc. 
 Given the recent events of the Spiegel Grove and Hurricane Dennis, in 
which the ship was righted, EPA concludes that further analysis is warranted 
of the ramifications of storm-induced catastrophic disturbance of the ship 
and its environs.  Would local resuspension of sediments expose biota to 
higher levels of PCBs than currently modeled by the exposure models?  
Would storm-induced weakening or deterioration of the hull or island affect 
rates of PCB release from interior compartments?  Because hurricanes are a 
regular feature of coastal Florida, risk scenarios involving major storm 
events should be considered more rigorously in the overall assessment. 
 



Further qualitative discussion of extreme events and their impact on the risk 
assessment will be included in the uncertainty section of the revised final 
report. This will include an evaluation of the frequency of catastrophic 
(category 4 or 5) hurricane strikes in the Pensacola area (there is about 
0.5% chance per-year of catastrophic hurricane strikes during “hyperactive” 
interglacial periods, Liu and Fearn 2000), data on hurricane paths over the 
last thirty years (NOAA 2005), the expected current velocities for such 
events (Ohlmann and Niiler 2001), and expected impact on exposure to 
PCBs. The passage of a hurricane could potentially damage the reef, alter 
rates of release of PCBs from the ship’s interior, and increase releases of 
PCBs from the vessel.  However, in general a hurricane would also have the 
net effect of diluting PCB concentrations by dissipating PCBs away from the 
immediate site. A hurricane or tropical storm will greatly increase the current 
velocity in the vicinity of the reef. Increasing bottom currents (see Figure 58 
of OERA) resulted in a large decrease of the steady-state PCB 
concentrations in the pelagic and benthic communities but little change in 
the PCB concentrations in the upper trophic levels of the reef community. 
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It is unlikely that extreme storm events will cause significant structural 
damage to the hull in the next 100 – 200 years. Studies of other sunken 
vessels by the US Parks Service, including the ex-MASSACHUCETTS sunk 
in Pensacola Pass in 1921 in 30 ft of water – much shallower than the ex-
ORISKANY’s proposed depth and therefore more exposed to wave action – 
has shown relatively little structural damage from extreme events. 
“Even though the [ex-MASSACHUCETTS’] hull was stripped for scrap metal 
during the 1940s, the wreck is in relatively good condition for being 
submerged for 80 years and has reached a state of equilibrium with the 
environment. In fact, the Massachusetts was completely undamaged by the 
violent hurricanes of the summer of 1995.” (U.S. Park Service 2005) 
http://www.cr.nps.gov/nr/travel/flshipwrecks/mas.htm  
The movement of the Spiegel Grove was unique. Because of a mishap 
during her sinking, the Spiegel Grove turned-over as she went down, landing 
on her side. This caused down-current sediment to be eroded away, until, 
during Hurricane Dennis, she “righted” herself. Very little, if any, damage to 
the hull’s structure occurred. (Jon Dodrill, FFWC, personal communication) 
Additional evaluations of extreme event scenarios is under consideration for 
development of the national permit  
Additional references: 
Liu K. and Fearn M.L. 2000.  Reconstruction of Prehistoric Landfall 
Frequencies of Catastrophic Hurricanes in Northwestern Florida from Lake 
Sediment Records. Quaternary Research, Volume 54, Number 2, 
September 2000, pp. 238-245(8). 
Ohlmann, J.C. and Niiler P.P., 2001. A two-dimensional response to a 
tropical storm on the Gulf of Mexico shelf. Journal of Marine Systems, 
Volume 29, Number 1, May 2001, pp. 87-99(13). 
NOAA 2005. National Hurricane Center Forecast Verification. 
http://www.nhc.noaa.gov/verification/verify7.shtml.   
U.S. Park Service 2005. Florida’s Shipwrecks: 500 Years of History. National 
Park Service, National Register of Historic Places, Archeology Program. 
http://www.cr.nps.gov/nr/travel/flshipwrecks/index.htm  
 
 



6 Section 3.3.3, p. 3-8:   In the third paragraph, the first line should read “... 
evaluated to assess...” 



Text will be corrected. 



7 Section 3.3.3, p. 3-8, and elsewhere:  The multiple ways that aggregate PCB 
concentrations into a single variable, in combination with the multiple ways 
that variables describing total PCB concentration are referenced (e.g., 
“tPCB” in the Glossary; “Total PCB,” “total PCB,” “sumPCB” and “tPCB” on 
p. 3-8; “TotalPCB” on p. 5-8 and in the captions to Figures 14 and 23; “Total 



The revised report will be corrected to correctly identify the variables and 
standardize their use in the report. Total PCB will be used throughout 
(instead of TotalPCB, total PCB, or tPCB) 
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PCBs” in Table 5), potentially make for confusion and uncertainty about 
what is being referenced.  Some of these variables apparently mean the 
same thing (like “tPCB” and “Total PCB”), whereas some variables are 
different (like “Total PCB” and “sumPCB”).  And, the same term can be given 
different meanings (compare “tPCB” as defined in the Glossary with how it is 
used in Table 14).  To correct this, EPA recommends standardization of 
variable names throughout the document, and inclusion of an expanded 
explanation of those terms somewhere in the text (perhaps in a revised 
problem formulation section). 



8 Section 4, pp. 4-1–5-5 [sic]:  Logically, a description of assessment 
endpoints selected for the assessment should appear before presentation of 
exposure pathways and the conceptual model, as they both are the focus of 
the assessment and help to define it.  Else, the discussion of exposure 
pathways is without context. 



The report will be revised to incorporate the suggestion 



9 Section 4.1, p. 4-1:  The Navy should provide a more in-depth written 
description of the conceptual model.  For example, what are the relevant 
exposure pathways for each of the assessment endpoints?  What are the 
likely direct and indirect effects hypothesized to result from these 
exposures?  What factors likely influence the manifestation of those effects? 
 Answers to these and similar questions are critical to understanding risk 
hypotheses (which, by the way, are not articulated), and to ensuring that the 
conceptual model is a reasonable representation of the risk problem. 
 



A more in depth discussion of the conceptual model will be provided.  The 
risk-hypothesis will be explicitly stated: “Will PCBs that are expected to leach 
from the ex-ORISKANY cause adverse toxicological effects to ecological 
receptors that could reside, feed, and/or forage at the artificial reef through 
water-borne and food chain exposure pathways?” 
 
 



10 Section 4.1:  No defense is offered for assigning minor importance in the 
conceptual model to the direct exposure route. The Navy should reconcile its 
decision to use this approach with what EPA would expect actual physical 
conditions to be where the vessel is to be placed, including addressing the 
reasonableness of PCB fate and transport assumptions. 



A more detailed description of the conceptual model will be provided in the 
revised final report including discussion of why direct contact is considered 
to be a minor pathway, a discussion of the physical habitat provided by the 
ship, and the importance and uncertainty about exposure to the internal 
vessel water. 
 
Data and information from Weaver et al. 2002, will be very helpful in this 
respect. 
http://cars.er.usgs.gov/coastaleco/Tech-Rept-Pinnacles-
2002/title_page/title_page.html  
 
With respect to the direct exposure pathway the report will be revised as 
follows: 
Another potential pathway is direct contact by marine organisms to the PCB-
bearing materials onboard the ship. Encrusting organisms or other 
epibenthic organisms could come into direct contact with PCBs held within 
the solid matrices of the materials. Direct exposure was assumed to be a 
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relatively minor exposure pathway compared to aqueous-phase releases of 
PCBs and no attempt was made to model bioaccumulation from direct 
exposure in PRAM. On the ex-ORISKANY the vast majority of PCB-
containing materials will be in electrical cable (97.6% of the PCBs by mass, 
see Table 4). The PCBs are contained within the insulation of the cable, 
which is found inside the outer braided-metal shielding. The electrical cable 
and other PCB-containing materials – bulkhead insulation (0.94%), black 
rubber (0.06%), and ventilation gaskets (0.01%) – would most likely be 
located within the interior of ship where they would not be easily colonized 
by epibenthic organisms that need a constant source of food from the 
outside of the vessel. Additionally, most all exposed surfaces on the ship 
were painted many times during the life of vessel, further isolating the solid 
matrices containing PCBs from direct contact with encrusting organisms. 
Yet, there is a small portion of the PCBs that are associated with aluminized 
paint (1.4%) that could be on the exterior of the ship and there is uncertainty 
about whether the PCB-bearing materials were manufactured with PCBs or if 
their surfaces became contaminated with PCBs during the life of the ship or 
both.  
A further consideration is that the formation of concretions by encrusting 
organisms (barnacles, tubeworms, tunicates, bryzoans, sponges, and other 
fouling organisms) would serve to further isolate the PCB-bearing materials 
and inhibit the release. The dramatic decrease in the release of toxic 
substances from antifouling paint on ship hulls within days of cleaning due to 
the build-up of biofilms and recolonization by fouling organisms (Schiff et al. 
2003) is an example of this process. Studies on the release of contaminants 
from artificial reefs made of scrap tires showed that the release rate of 
contaminants decreased over time probably because of the depletion of 
contaminants from the surface of the tires (Collins et al. 1995) and the build-
up colonizing organisms (Collins 1999, Collins et al. 2002). While the build-
up of encrusting organisms on surfaces may impede the release of PCBs, 
fish and other invertebrates can prey on encrusting organisms and extreme 
events, such as hurricanes, could also cause fouling organisms to be broken 
off exposing new surfaces to aqueous-phase leaching. It is also unlikely that 
marine organisms would actually “eat” the materials containing PCBs. Most 
of the materials are covered with metal or plastic shielding (electrical cables), 
bolted between flanges (rubber gaskets), and enclosed by paneling or 
painted surfaces (bulkhead insulation) which means that the main route of 
release would be from the surfaces being wetted and dissolution of PCBs 
into the aqueous phase. Although some organisms could incidentally 
consume the solid material (e.g. a snail grazing on a contaminated surface, 
or a crab feeding on fouling organisms), it was assumed that this pathway 



 7A - 7  











 
was very minor in comparison to aqueous releases. For the purposes of this 
risk assessment it was assumed that the predominant route of exposure 
from any PCBs contained in solid materials on the ship was from aqueous-
phase leaching that could occur during or after the process of sinking. 
 
Collins, K. J., Jensen, A. C., and Albert, S. 1995. A review of waste tyre 
utilisation in the marine environment. Chemistry and Ecology, 10: 205–216.  
 
Collins, Ken 1999. Environmental impact assessment of a scrap tyre artificial 
reef. University of Southampton, UK. 7th International Conference on 
Artificial Reefs and Related Aquatic Habitats (7th CARAH) October 7-15, 
1999, Sanremo, Italy   
 
Collins, K. J., Jensen, A. C., Mallinson, J. J., Roenelle, V., and Smith, I. P. 
2002. Environmental impact assessment of a scrap tyre artificial reef. – ICES 
Journal of Marine Science, 59: S243–S249. 
 
Schiff Kenneth, Dario Diehl, Aldis Valkirs 2003. Copper Emissions From 
Antifouling Paint on Recreational Vessels. Technical Report #405, June 22, 
2003. Southern California Coastal Water Research Project. Westminster, 
CA. www.sccwrp.org 



11 Section 4.1:  The conceptual model does not consider that sediments 
around the vessel may be continually resuspended and transported out of 
the conceptual ZOI.  The Navy should consider the implications of such 
processes to exposure of biota to PCBs. 
 



The following will be added to the description of the conceptual model: 
Resuspension and transport of suspended sediments is not included in 
PRAM or TDM. This is assumed to be conservative because including 
suspended sediments would increase the net transport of PCBs out of the 
system and reduce the exposure point concentrations.  
 



12 Section 4.2, p. 4-2:  Broadly speaking, the assessment endpoints are 
reasonable and receptor species appear to be representative of 
communities likely to be present near and use the reef.  EPA recommends 
that the Navy expand the discussion of the selection of receptor species 
(Section 4.2) with appropriate descriptions of their representativeness, 
susceptibility to exposure and availability of relevant effects data. 
 



Additional descriptions of the appropriateness of the receptor species will be 
provided 



13
. 



Section 4.2, p. 4-2:  The 2nd paragraph of this section states that “The 
assessment endpoints were developed to assess the potential effects to 
survival, growth, and reproduction to the communities and organisms model 
by PRAM...”.  The implication of this statement is that the transport, fate and 
exposure modeling drove, rather than supported, the risk assessment.  This 
is not a fair representation of the planning and decisions of the Technical 



The paragraph will be revised to read: “The PRAM and TDM models were 
specifically developed to model PCB releases from the ship and 
accumulation of PCBs in abiotic media and the food chains of the pelagic, 
benthic, and reef communities (Table 2, Figure 10). Output data from the 
PRAM and TDM were used as exposure point concentrations to assess the 
potential effects on survival, growth, and reproduction of the receptors (Table 
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Work Group.  Further, but less critical, survival, growth and reproduction as 
used in this assessment are attributes of organisms, not communities.  This 
misstatement appears to be a result of imprecise definition (or 
understanding) by the Navy of “assessment endpoint.” 



3).” Note that Table 3 will also be updated with the correct terminology. 



14 Section 4.2, p. 4-2 (and elsewhere):  Continuing on in that same paragraph, 
the text reads: “The assessment endpoints modeled by PRAM (Table 2) 
were concentrations of PCB homologs in water, sediment, primary 
consumers...”.  It is conventional and standard to refer to stressor 
concentrations in environmental media as “measures of exposure” or 
“exposure concentrations,” but not as “assessment endpoints.”  This again 
reflects imprecise definition or the lack of understanding by the Navy of this 
critical concept.  As a result, communication of assessment approach and 
findings is confounded.  [This general problem occurs in several places in 
the document, and will not be noted hereafter.] 



The report will be revised to assure that measures of exposure (PRAM 
output) and assessment endpoints are used correctly in the document.   



15 Section 4.2, p. 4-2:  The second-to-last sentence of the 2nd paragraph of 
this section refers to “the ecological risk screening.”  What screening is this? 
 Is the Navy suggesting that this risk assessment is at a screening level?  If 
so, this intention should be identified early in the document, and 
recommendations should be offered concerning the need to conduct higher-
tier assessments or follow-up analyses. 
 



Sentence will be revised to read: “Considerations for selection of receptor 
species for the ecological risk assessment included the availability of data 
and toxicological information.” 
 
See also attachment 1 for discussion of revised evaluation criteria that will 
be used in the final report. 



16 Section 4.2, pp. 4-2–4-3:  The Navy is to be commended for articulating 
some of the boundaries of the assessment in the 3rd paragraph of this 
section. 
 



Thank-you, comment noted. 



17 Section 4.2.1, p. 4-3: The description of the reef community is weak and 
overly simplistic given that reef communities on hard bottoms and artificial 
reefs off the Florida Panhandle are well documented.  EPA recommends 
that this description be expanded to include additional definition of biological 
community expected to occur at the site, together with descriptions of 
representative receptor species that will be used to evaluate risk (see 
Specific Comment 12). 



Recent literature was reviewed to strengthen the discussion of the reef 
community. Specific information was obtained from studies of reefs and hard 
bottom areas in the northern Gulf of Mexico. This information will be included 
in the revised final report. See also response to specific comment 11. 
  



18 Section 4.2.1, p. 4-4:  It is not clear why some predatory animals (snappers 
and sea basses) are listed as “secondary consumers” and others “tertiary 
consumers.” A more transparent definition is needed. If these groupings of 
animals are classified as such in the scientific literature, references should 
be provided. 



This will be made clearer in the final report. By definition tertiary consumers 
feed primarily on secondary consumers and secondary consumers feed 
primarily on primary consumers. Representative species were used to model 
these trophic levels in PRAM. The tropic structure in PRAM is similar to the 
trophic structure identified for “Community Structure and Trophic Ecology of 
Fishes on the Pinnacles Reef Tract” Weaver et al. 2002, 
http://cars.er.usgs.gov/coastaleco/Tech-Rept-Pinnacles-
2002/title_page/title_page.html 
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19 Sections 4 and 5: There are many statements made in Sections 4 and 5 of 



this document that give the distinct impression that a very conservative and 
protective approach was taken by the Navy with regard to their assessment 
of the potential ecological effects of sinking of the ex-Oriskany.  Such state-
ments are at odds with the criteria used to evaluate hazard quotients and 
overall risk (Section 5.4). EPA recommends that the Navy adjust its as-
sumptions and statements to address this discrepancy to achieve a more 
consistent level of conservatism (see related Specific Comments 27 & 35-
37). 



Please see attachment 1 for discussion of revised evaluation criteria that will 
be used in the final report. 



20 Section 5, p. 5-5 [sic]:  Pagination needs to be amended, as the section 
currently begins on p. 5-5 
 



Pagination will be corrected in the final report. 



21 Section 5, pp. 5-5 [sic]–5-19:  With reference to General Comment 1, this 
section is a combination of problem formulation and analysis (primarily of 
ecological effects).  What is striking is the lack of description of exposure 
assessment methods (here or elsewhere in the document).  With its current 
structure, this is the point of the document where a description of the use of 
PRAM, the TDM, and other exposure assessments should be given.  This 
description should contain overviews of the modeling approaches and 
assumptions (heavily referencing the primary documentation of these 
models), and conditions of their use (e.g., mass loading and ZOI 
configurations).  Depending upon the ultimate structure of the document, it 
would also present the results of exposure assessment activities.   
 



As per response to General Comment 1, the text will be revised to be 
consistent with EPA guidance on ecological risk assessments. A section on 
Exposure Assessment will be added to the final report. 



22 Section 5.2, pp. 5-5–5-17:  By not referring back to the conceptual model in 
this section, the Navy has missed an opportunity to clarify aspects of its logic 
and assessment methodology.  EPA recommends that each description of 
benchmarks identify clearly the salient exposure pathway(s) and 
assessment endpoint(s) for which the benchmark is intended to evaluate 
risk.   
 



This recommendation will be implemented in the final report. 



23 Section 5.2.1, p. 5-6:  The last sentence of the 2nd paragraph of this section 
references to GL WLC criteria of 0.074 and 0.14 ug/L.  Please state explicitly 
to what these values refer (e.g., chronic and acute criteria). 



The Great Lakes Wildlife criterion recommends a chronic value of 0.074 
ug/gL for the Tier 1 Criteria. The value of 0.14 ug/gL is not used (apparently 
this value was a typo in a document obtained from the internet, as 0.014 
ug/L isthe freshwater chronic value). See 
http://frwebgate2.access.gpo.gov/cgi-
bin/waisgate.cgi?WAISdocID=884826139633+1+0+0&WAISaction=retrieve 
for correct value. This error will be corrected in the final report. 



24 Section 5.2.1, p. 5-6, 3rd paragraph:  Why is this paragraph included?  It 
appears to describe criteria for protection of human health.  If the information 



Paragraph is included to compare the ecological risk benchmarks to state 
standards. The paragraph will be revised to make clear that the state 
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has bearing on the approach taken in the ecological risk assessment, the 
rationale and description of its use should be provided.  Else, the paragraph 
should be deleted. 
 



standards are based on human health and not applicable to the ecological 
risk assessment. 



25 Section 5.2.1, p. 5-6:  In EPA's Office of Pollution Prevention and Toxics 
(OPPT), a geometric mean of the LOED and NOED is used to calculate a 
chronic value.  Our rationale for the use of the geometric mean is that both 
the NOED and LOED are derived from hypothesis testing.  It is reasonable 
to assume that the true no effect concentration could be higher than the 
NOED, and the true lowest effect concentration could be lower than the 
statistically derived LOED. Thus, the geometric mean may be more 
representative of the maximum acceptable toxicant concentration.  EPA 
recommends that calculate and use geometric means wherever possible to 
be consistent with OPPT practices. 
 



This approach would only be valid if the LOED and NOED were calculated 
for the same organism from the same experiment. Since the literature values 
used to obtain the NOED and LOED were from different studies using 
different species, calculating the geometric mean between the NOED and 
LOED would not be defensible. 



26 Section 5.2.3.1, p. 5-8, 1st paragraph:  For clarity, EPA recommends 
replacing “differences in tissue concentrations that would cause adverse 
effects” with something like “to inherent differences in the sensitivities of 
freshwater and marine biota to toxic chemicals.” 
 



The sentence will be revised to read: “This assumes that the differences 
between freshwater and saltwater criteria are due to differences in chemical 
uptake between freshwater and marine organisms rather than differences in 
tissue concentrations that would cause adverse effects.” 



27 Section 5.2.3.1, p. 5-8, Footnote 7: Selecting a higher lipid content than the 
weighted average of 3% for “freshwater and marine organisms that are 
commonly consumed in the US” would have been more consistent with the 
intended conservative nature of the assessment.  EPA recommends that the 
Navy provide a description of the effects of this assumption on resulting 
TSVs and the hazard quotients that use them.  This description might 
include a comparison to the values resulting from a lipid concentration of 
7.6%, as measured in fathead minnows.   
 



The report documents what was used during the development of water 
quality criteria for PCBs. (U.S. EPA 1980, URS 1996). Using a value of 7.6% 
would increase the benchmark by a factor of about 2.5, and would be less 
conservative (e.g. increasing the lipid content increases the BCF which 
means that lower water concentrations would result in higher the tissue 
concentrations and the tissue residue benchmark resulting from exposure at 
WQC levels would be higher). 



28 Section 5.2.3.2, p. 5-9:  Is “tPCB” the same variable as “Total PCB” defined 
on p. 3-8? (See Specific Comment 7) 



Total PCB will be used throughout the report. 



29 Section 5.2.3.3, p. 5-9, Footnote 8:  In explaining nomenclature, the Navy 
emphasizes selection of concentrations from the ERED database associated 
with no and lowest “observed adverse effect” (emphasis added).  How was 
“adverse” defined?  Also, the footnote is unclear whether the Navy is using 
NOED interchangeably with NOAED. While the term “adverse” is underlined, 
it does not appear in the acronym. 



The following text will be added to the footnote: “where adverse was defined 
as a negative impact to growth, development, reproduction, or survival.”  
NOED and LOED were used to be consistent with the terminology used in 
the ERED database. The footnote indicates that the benchmarks selected 
were related to adverse effects. 



30 Section 5.2.3.4, p. 5-10: Are NOEDs and NOAELs being used 
interchangeably? 
 



That the NOED (and LOED) refer to tissue dose (or residue) while NOAEL 
(LOAEL) refer to concentration in prey (food) will be made clear in final 
report. 
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31 Section 5.2.3.4, p. 5-10:  The Navy should use “PCBs” instead of 



“bioaccumulative contaminants”, since the assessment does not address 
other contaminants. 



Sentence will be revised to read: “The potential for PCBs to affect higher 
trophic levels was evaluated by assessing contaminant concentrations in 
tissues of representative prey.” 
 



32 Section 5.2.3.4, p. 5-10, 2nd paragraph:  Is “TRV” the same as “TSV” from 
Section 5.2.3.1?  If not, please provide a specific formal definition here and 
in the Glossary. 
 



Toxicity Reference Value (TRV) is not the same as the Tissue Screening 
Value (TSV). The definition in the text (and glossary) will be revised to read 
“Toxicity Reference Values (TRVs), or point estimates of chemical 
concentrations causing ecological effects for a given receptor were used to 
determine potential adverse exposure to predators.” 
 



33 Section 5.2.3.4, p. 5-10–5-15:  The meaning of portions of this section is not 
clear.  The jumbling of references to and descriptions of multiple receptor 
species, sources of toxicity information and thresholds, and extrapolation 
issues (as epitomized the 2nd paragraph) is difficult to parse and confusing 
at best.  Specific questions include: 
 
 a.  When a NOEAL or NOED is used to calculate a TRV, shouldn’t 
the TRV represent  the “concentration at or below which significant 
effects” (emphasized wording added)  are not anticipated? 
 b.  When a LOEAL or LOED is used to calculate a TRV, shouldn’t 
the TRV represent “the lowest chemical concentration at which” effects 
could be expected (emphasized wording added)? 
 c.  Why isn’t 4th paragraph in Section 4.2 instead of here? 
 d.  If food chain benchmarks are the contaminant concentrations in 
the diet of receptor species that are expected either to be protective of 
adverse effects on the receptor, or the lowest concentrations at which 
effects could be expected, then how can “TRVs for...herring 
gull...and...double-crested cormorant...[be] used to develop benchmarks for  
dietary exposure from the consumption of prey tissues” (p. 5-11)?  Aren’t 
those TRVs the benchmarks themselves?  Or should that sentence end with 
something like “of avian consumers”? 
 e. If TRVs are available for gull and cormorant, as implied in the 
sentence referenced immediately above, why are data from studies involving 
mallard duck being used to develop dietary benchmarks? 
 f.  If TRVs are available for gull and cormorant, as implied in the 
sentence referenced above, why would “the TRV...[for these species be] 
based on toxicological studies on ring-necked pheasants” (p. 5-11)?  
 g. Which studies were used – mallard duck, ringed-necked 
pheasant, or both?  
 h.  Why isn’t the 7th paragraph in Section 4.2 instead of here? 
 i.   If “scaling” means using an empirical relationship to translate 



Section will be revised as suggested. Specific questions are answered 
below: 
 
 
 
 
a. suggested revisions will be made 
 
 
b. suggested revision will be made 
 
 
c. suggested revision will be made 
d. Text will be revised to read: “The benchmarks for PCB exposure to 
omnivorous herring gulls (Larus argentatus) and piscivorous double-crested 
cormorant (Phalacrocorax auritus) were developed based on toxicological 
studies on ring-necked pheasants (Phasianus colchicus, Table 12, 13, 
Sample et al. 1996).” 
 
 
 
e. reference to mallard will be deleted 
 
 
f. see d above 
 
 
g. see d above 
 
h. suggested revision will be made 
i. The report will be revised to clarify that the  dose must be scaled to the 
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effective dose from a test species to a receptor species based on the ratio of 
their body weights (p. 5-11), what is the logic for again scaling the TRV by a 
body weight-dependent dietary uptake factor when calculating a dietary 
consumption benchmark D (Eqs. 11-14)?  
 j.  If “scaling” is inappropriate for birds (p. 5-12), what is the logic for 
scaling the TRV by a body weight-dependent dietary uptake factor when 
calculating a dietary consumption benchmark D (Eqs. 11-14)? 
 k. Why isn’t the paragraph beginning at the bottom of p. 5-12 in 
Section 4.2 instead of  here?  
 l.  If loggerheads feed five time per week, consuming about 3% of 
their 113kg body weight per feeding, why wouldn’t the estimated daily intake 
rate be 2,421 g/day [= 113,000 g BW x 0.3%/feeding x 5 feedings/wk)/(7 
d/wk)] instead of 1,450 g/day (p. 5-13)?  How does this affect the estimate of 
risk to loggerheads?  
 m.  If  “scaling” is inappropriate for birds (p. 5-12), how can the 
benchmark for  loggerheads (not sea turtles in general, by the way) be 
“obtained by using the same  scaling factors used for...avians [sic]” (p. 5-
13)?  
 n. Is “avians” a noun?  
 o. Why isn’t the 1st full paragraph on p. 5-13  in Section 4.2 instead 
of here?   
 p. What is the formal definition of “FCM” (p. 5-13)?  
 q. What does the “w” before “FCMTotalPCB” in Eqs. 15-17 signify?  
 r.  Is the benchmark tissue concentration for shark calculated by 
setting the shark’s concentration to the tissue residue NOED and LOED of 
prey, and adjusting by FCM (Eqs. 16-17)?  If so, to what was DShark 
compared to evaluate risk?  
 s. Are shark/barracuda NOED and LOED available in the literature, 
as implied by the last paragraph of this section, or were the values that are 
reported calculated from Eqs. 16-17?  If the latter, wouldn’t it be more 
appropriate to call these DShark, NOED and DShark, LOED? 
EPA recommends restructuring this section to begin with an overview of the 
various benchmarks and conceptual description of how they were used 
(related back to the conceptual model), followed by subsections for each of 
the assessment endpoints with descriptions of the data, calculations and 
nuances for each receptor species.  If the document is reorganized along 
the lines recommended in General Comment 1, the actual benchmark 
values calculated would also be presented with this material. 



exposure concentration that would cause an effect and the daily dietary 
intake of the receptor. 
 
 
j. The report will be revised to make clear that it  is necessary to account for 
difference in daily dietary intake between test species (pheasant) and 
receptor species (cormorant, gull) 
k. suggested revision will be made 
 
l. 2421 g/day is the correct consumption rate. This is the value used in Table 
15 to calculate the benchmark. The text will be corrected. 
 
 
m. The report will be revised to make clear that the benchmark was obtained 
by using the same scaling factor used for mammals (Equation [9]) and 
substituting the body weight and ingestion rate of loggerhead turtles into 
Equation [13]. 
 
n. “s” deleted 
o. suggested revision will be made 
 
p. Food-chain multiplier (FCM). The ratio of BAF to an appropriate BCF. The 
formal definition will be added to text and glossary.  
q. Report will be revised to make clear that w signifies “weighted” 
r. The report will be revised to make clear that the dietary benchmark for 
shark was obtained by dividing the NOED (or LOED) by the weighted FCM 
for Total PCB (weighted by the relative homolog concentration). The 
benchmark is compared to the concentration of PCB in the shark’s prey 
(Tertiary Consumer). 
s. DShark,NOED and DShark,LOED will be used 
 
 
This section of the report will be restructured as suggested.  



34 Section 5.2.4, pp. 5-15–5-17:  The Navy is to be commended for its 
proactive evaluation of risk associated with dioxin-like PCBs. 
 



Thank-you comment noted. 
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35 Section 5.4, p. 5-18:  The table at the bottom of this page is intended to 



communicate guidance for interpreting hazard quotients and concluding 
levels of risk. These interpretations are not consistent with existing OPPT 
practices, in which a quotient of 1 is sufficient to conclude a risk.  The 
evaluation criteria in section 5.4 also seem to be inconsistent with the 
preceding paragraph where it is clearly stated that “When a hazard quotient 
of 1 the chemical is above potentially harmful exposure levels and the HQ 
represents the factor above harmful exposure.” The use of the term 
“moderate” in the criteria 1.0  ≤HQ < 5 is not consistent with the 
aforementioned interpretation of risk. Further, many of the possible HQ 
outcomes seem to be mislabeled (e.g., the second entry should read “0.1 # 
HQ < 0.5,” and so on).  This table injects a great deal of subjectivity that 
detracts for the quantitative nature of the assessment.  EPA recommends 
that such guidance not be offered and utilized, as it carries policy 
implications that have not been vetted through the Technical Working 
Group. 



The evaluation criteria will be revised to be more consistent with OPPT 
practices. The evaluation of potential ecological effects using the HQ 
approach will be revised in the final document. Briefly, the most conservative 
benchmarks (eg. chronic water quality criteria, and no effect levels etc.) will 
be used as an initial screen, followed by comparison to less conservative 
benchmarks (acute water quality criteria, lowest effect levels, etc) and 
available toxicity data if the initial screen is exceeded.  
Please see Attachment 1. 
 
 



36 OPPT applies uncertainty factors to take into account uncertainties due to 
species sensitivity, extrapolations from acute to chronic effects, and 
extrapolating from laboratory to field conditions.  The use of uncertainty 
factors would not apply to the water quality criteria but there are sections 
where uncertainty factors are identified (e.g., page 5-12) and it is not clear 
what values are being used.  It is also not apparent whether uncertainty 
factors were used in other extrapolations.  EPA recommends that the Navy 
clarify its decisions regarding the use of uncertainty factors, and describe the 
impacts of those decisions on the levels of risk concluded.   



The report will be revised to use “assessment factors” where appropriate. 
The benchmarks for critical body residues and dietary exposure to dolphins, 
birds, turtles, and sharks will be divided by an assessment factor of 10 to 
account for species-to-species differences in the effects levels. The 
application of uncertainty factors and assessment factors will be clearly 
documented in the final report. 
 



37 Section 5.4, p. 5-19:  The table at the top of this page is intended to 
communicate guidance for interpreting exposures relative to benchmark 
concentrations to determine “overall risk” to each assessment endpoint 
evaluated.  Unfortunately, it injects a great deal of subjectivity that detracts 
for the quantitative nature of the assessment.  EPA recommends that such 
guidance not be offered and utilized, as it carries policy implications that 
have not been vetted through the Technical Working Group. 



The subjective evaluation will be revised, please see Attachment 1 for 
revised evaluation criteria. 



38 Section 6.1, pp. 6-1–6-8:  The inclusion of details concerning PRAM model 
evaluation in this document is curious for at least three reasons.  First, the 
majority of this material seems more appropriate for the documentation 
supporting PRAM itself, as the model is the exposure underpinning for both 
ecological and human health risks assessments.  Rather than presenting, for 
example, the results of model runs at ZOIs varying from 1-5 and 10 (p.  6-1), 
the ecological risk assessment should focus on reporting the exposures 
predicted for the ZOIs proposed by the Navy and viewed by the TWG as 



This section will be moved to an appendix of the ecological risk and the 
PRAM documents.  
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reasonably conservative and appropriate (see p. 3-10 of Prospective Risk 
Assessment Model (PRAM) Version 1.4c Documentation, May 2005 (Draft 
Final)), and simply summarize or refer to the ZOI sensitivity analyses 
presented in the PRAM documentation (Section 2.2.3 of that report).  
Second, the details of evaluation results are not balanced by similarly 
involved descriptions of the model earlier in the document, and therefore 
much of the material in Section 6.1 is without context.  This imbalance 
creates other difficulties as well.  For example, references to “PRAM 1.4” 
and “PRAM 1.4c” (both p. 6-1) are meaningless without description of model 
versions.  And third, similar evaluations are not reported for the other 
exposure modeling component of the assessment – the TDM.  That said, the 
evaluations presented here offer some valuable insights to PRAM 
performance that can augment documentation of the model (but see Specific 
Comments 47 - 50 below). EPA recommends removing these analyses from 
the ecological risk assessment and adding them to the documentation of 
PRAM. 



39 Section 6.1.2, p. 6-3:  The definition for bioaccumulation factor (BAF) given 
here differs from that provided in the Glossary.  In general usage, the BAF is 
defined as the ratio of a chemical in tissue to its concentration in water when 
both the organism and its food are exposed (cf, US EPA 1997. Federal 
Register 62(48)).  As noted in the document, Eq. 29 describes a lipid-based 
(and organic carbon adjusted, thus the freely-dissolved concentration for 
water) BAF – it probably should be indexed as such (e.g., BAFLipid) to avoid 
confusion and to help distinguish it from a BCF.  But, the final sentence of 
the first paragraph of this section (“Therefore, changing the ZOI should not 
appreciably [affect] the BAFs predicted by the model.”) does not follow from 
the reasoning presented.  The reason why BAFs are not expected to change 
with increasing ZOI is because PCB concentrations in target tissues are 
expected to decrease in proportion to that of all environmental media (biotic 
as well as abiotic) as the dilution volume of the ZOI changes.   



The definition of BAF will be corrected in text and glossary as “the ratio (in 
L/kg) of a substance’s concentration in tissue of an aquatic organism to its 
concentration in the ambient water” (U.S. EPA 1995). The BAFLipid will be 
used to denote the lipid-based bioaccumulation factor: Lipid-normalized BAF 
which is the ratio of a chemical in the lipid of an organism to its freely 
dissolved concentration in the water. 
 
Text will be revised to read: “Therefore, changing the ZOI should not 
appreciably affect the BAFLlipids predicted by the model because PCB 
concentrations in target tissues are expected to decrease in proportion to 
that of all environmental media (biotic as well as abiotic) as the dilution 
volume of the ZOI changes.” 



40 Section 6.1.3, pp. 6-3–6-4:  The stated purpose of this evaluation of PRAM 
is to determine whether it can mimic reported observations of: 1) the pattern 
of PCB bioaccumulation as a function of Kow of homologs, 2) the degree of 
biomagnification between trophic levels, and 3) the relative [to what?] 
magnitude of accumulation.  The section concludes that “PRAM is providing 
reasonable estimates for this aspect of the model” (p. 6-4).  Inspection of 
Figures 20-23 suggests that PRAM can replicate general patterns of PCB 
accumulation as a function of Kow, but not that it performs reasonably with 
regard to the other two aspects, particularly for pelagic food chains.  Figure 
20 indicates a systematic under-prediction of tissue concentrations for top 
predators in both pelagic and benthic food chains.  [By the way, how can the 



In section 6.1.3 the PRAM output for homologs and Total PCB (sum of 
homologs) are being compared to a statistical regression model for individual 
congeners and Total PCB reported by Jackson et al. 2001 for coho and 
Chinook salmon from the great lakes. The purpose of the comparison was to 
show that PRAM can model the pattern of PCBs bioaccumulated as a 
function of Kow, the degree of biomagnification between trophic levels, and 
the magnitude of the accumulation relative to the concentration in the prey. 
Note that figures 20 and 22 show that accumulation for individual congeners 
from Jackson (et al. 2001) and homologs from PRAM while figures 21 and 
23 show Total PCB reported by Jackson (et al. 2001) and Total PCB (sum of 
homologs) from PRAM and different regressions were used for each (that is











 
Predator (IV) concentration predicted for the benthic food web be higher 
than that observed for coho salmon (Figure 21) when all (reported) 
predictions for homologs are lower?] Even when corrected for intercept, 
modeled Piscivore (IV) tissue concentrations are up to an order of 
magnitude lower than observed at Kows below roughly 6.5.  What does this 
portend for predictions of tissue concentrations for biota associated with the 
ex-Oriskany, and the corresponding risks?  
 



homologs) from PRAM, and different regressions were used for each (that is 
why the Predator (IV) concentration is higher than coho). Figure 22 shows 
that PRAM does very well in predicting the bioaccumulation of homologs 
with a Kow >= 6.5 (penta-, hexa-, and heptachlorobiphenyl), these homologs 
account for 49%, 10%, and 10%, respectively of the total PCBs released at 
steady state from materials expected to be on the ex-ORISKANY after 
sinking.  
While there is uncertainty about the results obtained from PRAM the analysis 
shows that PRAM is giving reasonable and plausible results that can be 
used to assess risks associated with the ex-ORISKANY. Comparison of the 
overall food web magnification factor (FWMF) obtained from PRAM to data 
available from field studies showed that biomagnification in the reef 
community modeled by PRAM was higher than all the available literature 
values (Fig 30) and the FWMF for the pelagic and benthic communities fell 
within the range of the field data. This adds to confidence that the results 
from PRAM are valid. 



This information will be added to the model evaluation appendix. 
41 Section 6.1.5, pp. 6-6–6-7:  Similarly, PRAM systematically underestimated 



lipid-based BAFs in comparison to the data set reported by Burkhard et al. 
(2003) (Figure 26), although the general patterns across Kow agree 
reasonably well.  EPA concurs with the Navy’s suggestion that “some model 
tuning may be warranted” (p. 6-6) to add confidence in the accuracy of 
PRAM predictions.   



Comment noted. Further development of PRAM is being considered in 
support of the national permit. 



42 Section 6.1.5, p. 6-7:  Why is this last paragraph included?  It addresses 
sources of variability in field-collected data sets, offering nothing with respect 
to the efficacy of PRAM.  EPA recommends that the paragraph be deleted. 
 



The following text will be added to the beginning of the paragraph: ”In 
comparing the results from PRAM to BAFs obtained from field data, it must 
be noted that there are many reasons for variability in BAFs obtained from 
field data.” The report will be revised to state in advance that there is 
uncertainty in evaluating PRAM results with field data reported in the 
literature. 



43 Section 6.2, p. 6-8:  Section 6.2 states that “interior” water concentrations 
are predicted to remain well above chronic WQ benchmarks, but goes on to 
state that risks associated with exposure to interior water were evaluated via 
exposure to other media (lower and upper water columns, sediment, and 
biota).  In fact, Figure 32, and Appendices HQ1day to HQ 800 day suggest 
that there would be substantial risks to organisms that might enter the 
interior part of the ship: hazard quotients using all three benchmarks (the 
chronic water quality criterion, GLWLC- Tier 1 and GLWLC) were greater 
than 1. The Navy’s own evaluation criteria presented in Section 5-4, Page 
10, state that hazard quotients of 10 indicate “very likely that exposure is 
harmful” and the risk conclusion is "Very High.” At day 800 after sinking, the 



Exposure to interior water by components of the reef community is included 
in PRAM and was evaluated in the ecological risk assessment. More 
discussion on interior water exposure will be provided in the final report. The 
HQ calculated for interior water exposure is only one line of evidence in the 
overall risk assessment. The “interior vessel water” is used in the PRAM and 
TDM to link emission from the solid materials containing PCBs to the reef 
community. The potential toxicity from contact with the interior water was 
evaluated as part of the ecological risk assessment. 
 
The ecological significance of the interior water exceeding water quality 
benchmarks will be discussed in the revised report. Because of the limited 
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Hazard Quotients for the saltwater chronic criterion, GLWLC-Tier 1 and 
GLWLC were reported as 22.9796631, 9.3160796, 4.9242135, respectively 
(Appendix HQsstate - 22).  These figures were nearly identical to Hazard 
Quotients for day 28 after sinking - 22. 0198129, 8.9269512, 4.7185313, 
respectively. As mentioned earlier, OPPT considers hazard quotients of 1 
and greater sufficient to establish that a risk may exist. The Navy should 
clarify why risks of exposure to interior water was not addressed directly, 
and should discuss what that higher exposure concentration would portend 
for fish and invertebrates that will freely move around inside the vessel for 
some period of time.   



exchange between the interior water and the lower water column 
surrounding the reef, the interior of the vessel is not expected to be readily 
colonized by epibenthic organisms that need a constant source of food from 
the outside of the vessel. Therefore, it was assumed that the predominant 
route of exposure from the interior water would be from bioaccumulation and 
trophic transfer in the food chain rather than toxic effects from direct 
exposure. 



44 Section 6.2, Fig. 33:  The titles and labeling in this figure are confusing.  
Although the accompanying text (p. 6-8) suggests data in the panels to be 
relevant to water column concentrations predicted using PRAM ZOIs of 2 
and 3, the two lower panels show sediment concentrations (why?), and all 
panels have subtitles referencing distances “from Reef” of either 45m or 
60m.  Assuming these distances to be modeled output locations from the 
TDM (as described in Section 5.1, p. 5-5), why would they differ from the 
understood dimensions (15 and 27m, respectively) of the salient ZOIs?   
Further, why is the ZOI = 3 dimension shown as 29m, when elsewhere in the 
document (e.g., Section 5.1, p. 5-5) that dimension is given as 27m?  EPA 
recommends that this confusion be addressed by amending the figure titles, 
labeling and content accordingly.  But, these peculiarities suggest a more 
important question: What is the relationship between the TDM’s estimates of 
exposure at points in space with PRAM’s estimates of exposure within 
volumes?  Assuming the TDM’s predictions of concentration to fall off 
geometrically with distance from the ship, is it fair to compare (implicitly or 
explicitly) concentrations predicted at the edge of a ZOI envelop with 
PRAM’s predictions throughout the ZOI envelope?  Would some distance-
averaged or mid-point TMD prediction be more representative? 
 



Titles and labeling will be corrected as noted. The following information will 
be added to the report to clarify the exposure scenarios evaluated. 
 
The TDM estimates are based on exposure concentrations within defined 
volumes, just as the PRAM estimates are of exposure concentrations within 
defined volumes.  The TDM volumes are defined in terms of 15-meter wide 
annuli.  The height of these annuli are a fixed height, such that data 
presented on figures simple state the width of the annuli, rather than 
reiterating the height of each annulus.  If the figure indicates that the data 
are for the “0-15 m bin”, it means that the concentrations indicated were 
calculated for the annulus that is 15 m wide, and which begins at the exterior 
of the ship and extends laterally away from the ship to a distance of 15 m.  
For the lower water column, the height of the annulus is from the sediment 
up to the pycnocline; for the upper water column, the height of the annulus is 
from the top of the pycnocline to the surface of the water. 
 
A distance-averaged concentration was used for the TDM/PRAM model (i.e., 
both PRAM and TDM predict PCB concentrations averaged across a 
distance from the ship, not at discreet points). The TDM provided exposure 
concentrations for bins 0-15m, 15-30m, 30-45m, 45–60m, etc. away from the 
ship, while PRAM provided an estimate of the steady state concentration for 
the whole volume as a function of ZOI. A ZOI=2 (14.7m) is roughly 
equivalent to the TDM bin of 0-15m and ZOI=5 (48.8m) falls at the boundary 
of the 30-45m and 45-60m TDM bins. For the TDM/PRAM model the abiotic 
exposure concentrations were obtained from the TDM model. The TDM 
output was input into PRAM, for each time interval, by calculating the PCB 
concentration provided for the 0-15m bin, 0-45m interval (average of 0-15m, 
15-30m, and 30-45m bins), and 0-60m interval (average of 0-15m, 15-30m, 
30-45m, and 45-60m bins). The concentration for each bin was averaged 
over the appropriate time interval (eg. 1d (average for day 1), 7d (average 
from day 2 to 7), 14d (average from day 8 – 14), 28d (average from day 15 – 
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28), etc). TDM/PRAM then calculated the resulting steady concentrations for 
the biological compartments. This explanation will be provided in the revised 
report. 
The TDM/PRAM results plotted in Figs 31, 32, 34-37 should be labeled as “0 
– 15 m from Reef”, likewise Figs 33, 38-39 should be labeled “0 – 45 m” and 
“0 – 60 m” from the Reef. This will be made clear in the revised report. 
Of concern was whether a short-term pulse could cause transient exposure 
higher than the two-year steady state estimate. The purpose was not 
necessarily to compare PRAM and TDM/PRAM, but rather assure that the 
full range of potential risks were evaluated. 



45 Section 6.4.1.1, p. 6-10:  Replace “Figure 36” with “Figure 35.” Correction will be made 
46 Section 6.4.1.3, pp. 6-11–6-12:  This discussion of uncertainties associated 



with characterization of ecological risk from total PCB exposure is very 
cursory.  EPA recommends that the Navy enhance this discussion by 
addressing questions such as: What are the primary sources of uncertainty 
as they affect the values of hazard quotients?  What are the sensitivities of 
risk estimates to changes in underlying assumptions of exposure and effect? 
 Where are the biggest information gaps, and should any of these be filled to 
support a more complete or definitive understanding of risks?  Additionally, 
discussion of the effect that encrusting organisms may have on leaching and 
transport of PCBs should be added. 



More details on the uncertainty were provided in the uncertainty section, 
which will be updated to address the questions raised. Please see 
Attachment 2 for discussion on direct exposure to encrusting organisms. 



47 Section 6.5, pp. 6-14 & 6-15 and Section 8.1, p 8-1:  The Summary of 
Findings portions of the Results and Discussion section and the Conclusions 
and Recommendation section both make explicit, exclusive, and extensive 
use of the qualitative and subjective terminology that has already been 
mentioned as problematic in Specific Comments 35 and 37, above.  As was 
also noted above, the basis for using these subjective terms needs to be 
provided and suitably supported. 



Comment noted. Summary will be revised to reflect the findings from the risk 
assessment (see Attachment 1 for revised evaluation criteria). 



48 Sections 7.1 (p. 7-1), 7.6 (p. 7-3–7-4) and 7.7 (pp. 7-4–7-5):  In sharp 
contrast to Section 6.4.1.3, these discussions of uncertainties are valuable 
and informative.  The Navy is to be commended for exploring quantitatively 
the ramifications of changes in assumptions about source strength, bottom 
current and exposure to the food web on the predictions of risk.  It would 
have been more informative to interpret the outcomes of different scenarios 
of source strength and bottom current in terms of risks to assessment 
endpoints, as was done for exposure to the food web.  EPA also notes the 
disclosure about the discrepancy between PRAM documentation and actual 
model performance provided in Footnote 11 (p. 7-4).  
 



Comment noted. Where applicable, ecological risk benchmarks will be 
included on the uncertainty analysis figures. The discrepancy between 
PRAM and model documentation will be corrected for future releases of 
PRAM. 



49 Section 7, p. 7-1, Fig. 57 and Appendix D.2:  It would be helpful to provide The figure will be annotated to show 0 – 100% of bulkhead insulation 
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the translation between bulkhead insulation remaining on board and the 
PCB release rate estimates. 



removal. 
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A.2 Response to Comments from SAB  



Below are comment received from the U.S. EPA Science Advisory Board Polychlorinated Biphenyl--Artificial Reef Risk Assessment (PCB-ARRA) 
Consultative Panel. Comments received on Oct. 14, 2005. 
#   COMMENT RESPONSE
1 A general emphasis is on “ecological receptors that could reside, feed, 



and/or forage at the artificial reef.” The models focused on predicting 
bioaccumulation in the “food chain of the pelagic, benthic, and reef 
communities.” Assessment endpoints were “effects to survival, growth, 
and reproduction to the communities and organisms modeled by PRAM 
as well as ecological consumers that could also feed and forage at the 
reef. ” Primary producers (Trophic Level 1 or TL1) … algae Primary 
consumers (TL2) … copepods, bivalve, urchin, polychaete, nematode 
Secondary consumers (TL3) …herring, triggerfish, lobster, crab Tertiary 
consumers (TL4) … jack, grouper, flounder. 



Comment noted. 



2 Grouping these trophically defined species by habitat allowed focus also 
on benthic, pelagic, reef communities and seems appropriate. Additional 
endpoints were cormorants, herring gulls, sea turtles, dolphins, sharks 
and barracuda. Have enough attention was being paid to keystone 
species? It is quite plausible that ecological engineers are important in 
reefs, e.g., specific hard coral or other encrusting species. Certainly, 
relevant information can be obtained from sources such as: 
http://cars.er.usgs.gov/coastaleco/Tech-Rept-Pinnacles-
2002/executive_summary/executive_summary.html 
 



The tissue residue concentrations modeled by PRAM and the ecological risk 
benchmarks used in the ecological risk assessment are for representative species 
that are expected to be present at the reef. The tissue concentrations and 
potential ecological effects inferred from the model results would also be 
applicable to tissue residues and exposure concentrations experienced by any 
keystone species present at the reef. This will be noted in the revised report. The 
ecological risk assessment only addressed potential toxicological risks from 
PCBs, the ecological consequence of reef development was outside the bounds 
of the ecological risk assessment. 
More discussion on the reef community will be added to the revised document 
(see response to EPA comment 20) including the reference provided.  
Weaver et al. 2002, Biological Sciences ReportUSGS BSR 2001- 0008OCS 
Study MMS 2002- 034 Northeastern Gulf of Mexico Coastal and Marine 
Ecosystem Program Community Structure and Trophic Ecology of Fishes on the 
Pinnacles Reef Tract 



3 This is a Screening level risk assessment. And need to be careful of 
how far you can go in the interpretation. The evaluation of the hazard 
quotient (eg. HQ 10) and the individual benchmarks for this application 
of the interpretation of risk may be problematic. This is based on one 
person’s professional judgment and is not scientifically supported. No 
effect level versus some effects. More conventionally for PCBs to use 
below 1 is assumed to be no risk and above there is a risk. The use of 
NOEL, LOEL. 



The evaluation of potential ecological effects using the HQ approach will be 
revised in the final document. Briefly, the most conservative benchmarks (eg. 
chronic water quality criteria, and no effect levels etc.) will be used as an initial 
screen, followed by comparison to less conservative benchmarks (acute water 
quality criteria, lowest effect levels, etc), and available toxicological data, if the 
initial screen is exceeded. Please see Attachment 1. 
 
The ecological risk benchmarks were derived to be conservative thresholds of 
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 potential effects. Both the “no effect” and “low effect” benchmarks were used to 



better characterize potential ecological risks. 
 



4 The scientific justification for choosing the end-points and those that 
were deemed to be most sensitive should be addressed. 
 



The report will be revised to improve the discussion of the reef community (see 
SAB comment 2) and provide additional supporting documentation on the validity 
of the ecological risk benchmarks used in the assessment.  
 



5 Given the many uncertainties and unknowns for the biological systems, 
this RA could not likely be applied to other places with confidence. A 
protocol needs to be developed which is tied to a monitoring program 
that focuses on transferability, data gaps, both from laboratory and field 
studies. Post-decision monitoring program that helps to inform the next 
version of the risk assessment. 
 



Further studies are being considered in support of the national permit. An 
important piece of the ex-Oriskany post reef deployment is the post reef 
monitoring. As is identified in both the transfer agreement between Navy and the 
State of Florida and the Risk Based Disposal Approval, monitoring will be a 
responsibility, of the State of Florida. Both pre- and post- sinking monitoring 
objectives are being considered.   
 
The pre reef monitoring will establish the existing background conditions against 
which post reef conditions will be assessed. 
 
The post reef-monitoring program will be specific to species, which are listed in 
the Predictive Risk Assessment Model (PRAM), and the data from the sampling 
performed under the post reef monitoring will be input to PRAM to assist in post 
reef validation of the predicted risks. 
 



6 As a related issue, the same species can vary in its trophic position. 
Here is an example of lake trout from eight Canadian Shield lakes 
(Figure from Newman & Unger (2003), Fundamentals of Ecotoxicology, 
CRC/Lewis Publishers,; Modification of Fig. 2 & 3 of Cabana & 
Rasmussen. 1994. Nature 372: 255-257.) Thus the model needs to be 
reinforced by empirical monitoring data. 
 



Comment noted. Further development of PRAM is being considered in support of 
the national permit. 



7 Enormous variation in the PCB concentrations, this drives the need for a 
probabilistic assessment and examining the uncertainties and the 
transferability. 



Comment noted. Further development of PRAM is being considered in support of 
the national permit. 
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A.2.1 Attachment 1 to Response to Comments (Round 1)  



Evaluation Criteria 



The following evaluation criteria were used to evaluate the results of the 
ecological risk analysis. Short-term ecological risks (0 –2 years) were evaluated using the 
data obtained from the TDM coupled to PRAM. The long-term ecological risk (steady 
state) was evaluated using the results of PRAM under steady state conditions. The 
exposure point concentrations estimated by PRAM were compared to the conservative 
and less conservative benchmarks for each applicable exposure pathway and assessment 
endpoint (Table 21). The following diagram depicts the evaluation criteria applied for the 
risk analysis: 



Does exposure point concentration 
exceed most conservative (no effects 
level) benchmark?



Exposure Point Estimate from PRAM 
for assessment endpoint



No indication of 
risk to assessment 
endpoint



No



Yes



Does exposure point concentration 
exceed less conservative (low effects 
level) benchmark?



No Indication of risk relative 
to conservative benchmark



Yes



Indication of risk relative to 
less conservative benchmark



Evaluate existing toxicological 
data to aid interpretation of 



ecological risks



Does exposure point concentration 
exceed most conservative (no effects 
level) benchmark?



Exposure Point Estimate from PRAM 
for assessment endpoint



No indication of 
risk to assessment 
endpoint



No



Yes



Does exposure point concentration 
exceed less conservative (low effects 
level) benchmark?



No Indication of risk relative 
to conservative benchmark



Yes



Indication of risk relative to 
less conservative benchmark



Evaluate existing toxicological 
data to aid interpretation of 



ecological risks
 



 



 



If the exposure point concentration did not exceed the most conservative 
benchmark (e.g. no effects level), the risk analysis concluded that there was no indication 
of risk to the assessment endpoint. However, if the exposure point concentration 
exceeded either the most conservative or less conservative benchmark (e.g. low effects 
level) an indication of risk relative to that benchmark was suggested and the available 
toxicological data was evaluated to aid in the interpretation of ecological risks. The 
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evaluation was conducted by comparing the exposure point estimate from PRAM to the 
toxicological data available in the literature. 



Media Exposure Pathway Benchmarksa Endpoint/Receptor Stressor
Primary Producer Total PCB
Primary Consumer Total PCB
Secondary Consumer Total PCB
Tertiary Consumer Total PCB
Primary Producer Total PCB
Primary Consumer Total PCB
Secondary Consumer Total PCB
Primary Producer Total PCB
Primary Consumer Total PCB
Secondary Consumer Total PCB
Tertiary Consumer Total PCB
Primary Consumer Total PCB
Secondary Consumer Total PCB
Tertiary Consumer Total PCB, TEQ
Avian Omnivore (Herring Gull) Total PCB, TEQ
Avian Piscivore (Cormorant) Total PCB, TEQ
Secondary Consumer (Sea Turtle) Total PCB
Tertiary Consumer (Dolphin) Total PCB, TEQ
Tertiary Consumer (Shark) Total PCB



a Benchmarks listed are for conservative and less conservative, respectively.



Table 21. Summary of media, exposure pathways, benchmarks, endpoints, and stressors evaluated for the ecorisk analysis.



Water Quality Criteria       
WQC-Chronic, WQC-Acute



Potential Sediment Effects
TEL, PEL



Tissue Residue Food Chain



Potential Bioaccumulation 
Effects 



TSV, Bcv



Critical Body Residues 
NOED, LOED



Food Chain



Water



Sediment



Tissue Residue



Tissue Residue



Food Chain



Water



Sediment



Dietary Exposure
NOAEL, LOAEL



 



Example: 



The interior water concentration exceeded the most conservative benchmark (WQC-
Chronic). The toxicity data developed in support of WQC are shown in Figure Example1 
and Table A1 (see below, Data from US EPA 1980, Ambient Water Quality Criteria for 
Polychlorinated Biphenyl). In the example below, the interior water concentration 
predicted by PRAM was at the lower end of the range of concentrations measured as 
causing toxicity in laboratory studies (U.S. EPA 1980, see Table Example1). This 
analysis assumes that the toxicity of technical Aroclor 1254 tested under laboratory 
conditions is similar to the toxicity of Total PCBs leached from the ship and modeled by 
PRAM. This is reasonable because the Aroclor mixtures were the “Total PCB” exposed 
during the bioassay tests and weathering or biodegradation of PCBs is not included in the 
PRAM model. There is uncertainty about interspecies differences and the differences 
between controlled laboratory experiments and actual situations in the real world. The 
results, limitations, uncertainty, and conclusions derived using the approach described 
above will be included in the revised final report. 
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Effects to Salt Water Species from Aroclors (US EPA 1980)
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Figure Example1. Effects data for salt-water species exposed to technical Aroclors (U.S. 
EPA 1980), the WQC benchmarks, and the interior water concentration predicted by 
PRAM.  



 



The figure shows the lognormal cumulative distribution of effects to marine organisms 
from water exposure to Aroclor 1254 (magenta circles and curved line), the benchmarks 
for water exposure, and the exposure point estimate for internal vessel water 
concentrations (PRAM) based on steady state conditions. Toxicity data (circles) are from 
US EPA 1980, Ambient Water Quality Criteria for Polychlorinated Biphenyl. Note that 
based on the data available, Aroclor 1254 is the most toxic Aroclor. Since the benchmark 
exceeded (WQC-Chronic) by the PRAM estimate for interior water is based on water 
quality criteria, is it appropriate to use the toxicity data used to support the criterion (U.S. 
EPA 1980, see data table below) to evaluate potential ecological effects.  
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Table Example1. Data from US EPA 1980. 



Table Water Species Aroclor Duration Effect Classification Effect Reference Result (ug/Lmg/L
6 saltwater Sheepshead minnow 1254 28 days chronic affected reproduction Hansen et al. 1973 0.14 0.00014
6 saltwater Communities of Organis 1254 4 mos chronic affected composition Hansen 1974 0.6 0.00060
6 saltwater Sheepshead minnow 1254 21 days chronic LC50 Schimmel et al. 1974 0.93 0.00093
6 saltwater Pink Shrimp 1254 15 days chronic 51% mortality Nimmo et al. 1971 0.94 0.00094
6 saltwater Ciliate protozoans 1254 96 hour chronic reduced growth Cooley et al. 1973 1 0.00100
6 saltwater Pink Shrimp 1254 15 days chronic LC Nimmo & Bahner 1976 1 0.00100
6 saltwater Eastern oyster 1254 24 weeks chronic reduced growth Lowe undated 5 0.00500
6 saltwater Pinfish 1254 14-35 days chronic 41 to 66% mortality Hansen et al. 1971 5 0.00500
6 saltwater Spot 1254 20-45 days chronic 51 to 62 % mortality Hansen et al. 1971 5 0.00500
6 saltwater Spot 1254 15 days chronic liver pathogenesis Nimmo et al. 1971 5 0.00500
6 saltwater Fiddler Crab 1254 38 days chronic inhibited molting Finerman & Fingerman 1978 8 0.00800
6 saltwater Amphipod 1254 30 days chronic mortality Wildish 1970 10 0.01000
6 saltwater Grass shrimp 1254 1 hour chronic avoidance Hansen et al. 1974b 10 0.01000
6 saltwater Pinfish 1254 1 hour chronic avoidance Hansen et al. 1974b 10 0.01000
6 saltwater Sheepshead minnow 1254 28 days chronic lethargy, reduced feedinHansen et al. 1973 10 0.01000
6 saltwater Sheepshead minnow 1254 21 days chronic mortality Schimmel et al. 1974 10 0.01000
1 saltwater Eastern oyster 1254 24 hr acute EC50 growth Lowe undated 14 0.01400
6 saltwater Grass shrimp 1254 4 days chronic water efflux affected andRoesijadi et al. 1976a,b 25 0.02500
6 saltwater Pink Shrimp 1254 48 hrs chronic LC Lowe undated 32 0.03200  



Table Water Species Aroclor Duration Effect Classification Effect Reference Result (ug/L)
2 saltwater Sheepshead minnow 1016 96 hr chronic Hansen et al. 1975 7.14
1 saltwater Eastern oyster 1016 24 hr acute EC50 growth Hansen et al. 1974a 10.2
1 saltwater Brown shrimp 1016 24 hr acute LC50 survival Hansen et al. 1974a 10.5
1 saltwater Grass shrimp 1016 24 hr acute LC50 survival Hansen et al. 1974a 12.5
6 Saltwater Pinfish 1016 42 days chronic 50% mortality Hansen et al., 1974b 21



1 saltwater Eastern oyster 1248 24 hr acute EC50 growth Lowe undated 17
6 Saltwater Pink Shrimp 1248 48 hrs chronic LC Lowe, undated 32
6 Saltwater Ciliate protozoans 1248 96 hour chronic reduced growth Cooley et al., 1973 1000



1 saltwater Eastern oyster 1260 24 hr acute EC50 growth Lowe undated 60
6 Saltwater Ciliate protozoans 1260 96 hour chronic reduced growth Cooley et al., 1973 1000



 



 



 25A - 25  











 



The interior water concentration is very dependent on the rate of water exchange with lower 
water column. The default value was set at 1% of the bottom current or 9.26 m/h. There is much 
uncertainty about this number and it was assumed that 1% was a very conservative estimate. It is 
reasonable to assume that the exchange rate is proportional to the bottom current because as the 
bottom current increases, higher velocity water will come into contact with the ship resulting in 
greater ventilation of the hull. The exchange with lower water column will be dependent on how 
“porous” the hull is with respect to water getting in and out. The figure below shows the change 
in the concentration of pentachlorobiphenyl in the interior water simulated by the TDM at the 
maximum leaching rate, as a function of the interior vessel exchange rate. Pentachlorobiphenyl 
accounts for about half of the Total PCBs released into the interior of the ship. The figure shows 
the relationship between interior water concentration and the exchange rate. 
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Figure. The concentration of pentachlorobiphenyl in the interior of the ship modeled by TDM as 
function of fraction of bottom current which was held constant at 926 m/h (0.5 nautical miles per 
hour). 
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A.3 Response to Comments from U.S. EPA Round 2 



The following are the Response to Follow-up Comments received from the EPA on Dec 2, 2005. 
#    EPA Comment Response



10 Specific Comment 10 - Direct exposure route:  EPA commented on the 
ERA’s assignment of “minor importance” of the direct exposure pathway. 
The Navy’s response was to defend that position by explaining that; 1) 
microbial biofilms isolate and inhibit releases of contaminants from solid 
materials containing PCBs, 2) attached organisms make contact 
primarily with chemically inert structures and 3) grazing and predation in 
epiphytic communities was primarily “incidental”. 
 
 It has been demonstrated that microbial biofilms may become 
infused with bioavailable compounds within the underlying solid 
materials. The contaminated biofilm becomes a potential pathway for 
contaminant exposure to organisms that come into contact with it. It has 
also been demonstrated that both sessile and motile epifauna in highly 
contaminated environments uptake bioavailable chemical compounds.  
 
 By “direct exposure” EPA refers to direct contact with PCB 
bearing materials, including PCB contaminated biofilms rather than by 
contact with contaminated water to attached organisms. Though, as the 
Navy notes, some organisms may attach by way of inert materials such 
as threads, shells etc., many sessile and motile organisms comprising 
the epifaunal community may be exposed to PCB via absorption through 
living membranes that touch vessel materials or covering biofilms. These 
may include a variety of sponges, ascidians, bryozoans, cnidarians, 
polychaetes, gastropods and echinoderms. In addition, because the 
vessel surfaces and biofilms will likely contain much higher PCB 
concentrations than the surrounding water, direct tissue contact may be 
a comparably significant exposure route. 
 
 The epifaunal community is a diverse and complex ecosystem in 
its own right consisting of sessile and motile organisms. Predators 
include a variety of large and small invertebrates and fish. We agree with 
the Navy that predators do not feed on shells and tests, however many 
predators are well adapted to feed on the soft bodied animals living 
within as well as on the wide variety of soft bodied epiphytic animals 
without shells or tests. Predation rates among epifauna are high. The 



With respect to the direct exposure pathway the report will be revised as 
follows: 
 
Another potential pathway is direct contact by marine organisms to the PCB-
bearing materials onboard the ship. Encrusting organisms or other epibenthic 
organisms could come into direct contact with PCBs held within the solid 
matrices of the materials. Direct exposure was assumed to be a relatively 
minor exposure pathway compared to aqueous-phase releases of PCBs and 
no attempt was made to model bioaccumulation from direct exposure in 
PRAM. On the ex-ORISKANY the vast majority of PCB-containing materials 
will be in electrical cable (97.6% of the PCBs by mass, see Table 4). The 
PCBs are contained within the insulation of the cable, which is found inside the 
outer braided-metal shielding. The electrical cable and other PCB-containing 
materials – bulkhead insulation (0.94%), black rubber (0.06%), and ventilation 
gaskets (0.01%) – would most likely be located within the interior of ship where 
they would not be easily colonized by epibenthic organisms that need a 
constant source of food from the outside of the vessel. Additionally, most all 
exposed surfaces on the ship were painted many times during the life of 
vessel, further isolating the solid matrices containing PCBs from direct contact 
with encrusting organisms. Yet, there is a small portion of the PCBs that are 
associated with aluminized paint (1.4%) that could be on the exterior of the 
ship and there is uncertainty about whether the PCB-bearing materials were 
manufactured with PCBs or if their surfaces became contaminated with PCBs 
during the life of the ship or both.  
 
A further consideration is that the formation of concretions by encrusting 
organisms (barnacles, tubeworms, tunicates, bryzoans, sponges, and other 
fouling organisms) would serve to further isolate the PCB-bearing materials 
and inhibit the release. The dramatic decrease in the release of toxic 
substances from antifouling paint on ship hulls within days of cleaning due to 
the build-up of biofilms and recolonization by fouling organisms (Schiff et al. 
2003) is an example of this process. Studies on the release of contaminants 
from artificial reefs made of scrap tires showed that the release rate of 
contaminants decreased over time probably because of the depletion of 
contaminants from the surface of the tires (Collins et al. 1995) and the build-up 
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assumption that the epiphytic community makes an insignificant energy 
contribution to the remaining components of the reef food web is not 
supported. 



colonizing organisms (Collins 1999, Collins et al. 2002). While the build-up of 
encrusting organisms on surfaces may impede the release of PCBs, fish and 
other invertebrates can prey on encrusting organisms and extreme events, 
such as hurricanes, could also cause fouling organisms to be broken off 
exposing new surfaces to aqueous-phase leaching. It is also unlikely that 
marine organisms would actually “eat” the materials containing PCBs. Most of 
the materials are covered with metal or plastic shielding (electrical cables), 
bolted between flanges (rubber gaskets), and enclosed by paneling or painted 
surfaces (bulkhead insulation) which means that the main route of release 
would be from the surfaces being wetted and dissolution of PCBs into the 
aqueous phase. Although some organisms could incidentally consume the 
solid material (e.g. a snail grazing on a contaminated surface, or a crab 
feeding on fouling organisms), it was assumed that this pathway was very 
minor in comparison to aqueous releases. For the purposes of this risk 
assessment it was assumed that the predominant route of exposure from any 
PCBs contained in solid materials on the ship was from aqueous-phase 
leaching that could occur during or after the process of sinking. 
 
Collins, K. J., Jensen, A. C., and Albert, S. 1995. A review of waste tyre 
utilisation in the marine environment. Chemistry and Ecology, 10: 205–216.  
 
Collins, Ken 1999. Environmental impact assessment of a scrap tyre artificial 
reef. University of Southampton, UK. 7th International Conference on Artificial 
Reefs and Related Aquatic Habitats (7th CARAH) October 7-15, 1999, 
Sanremo, Italy   
 
Collins, K. J., Jensen, A. C., Mallinson, J. J., Roenelle, V., and Smith, I. P. 
2002. Environmental impact assessment of a scrap tyre artificial reef. – ICES 
Journal of Marine Science, 59: S243–S249. 
 
Schiff Kenneth, Dario Diehl, Aldis Valkirs 2003. Copper Emissions From 
Antifouling Paint on Recreational Vessels. Technical Report #405, June 22, 
2003. Southern California Coastal Water Research Project. Westminster, CA. 
www.sccwrp.org 



35 Specific Comment 35:  As noted in EPA's earlier comments, the 
calculated Hazard Quotient (HQs) inside the vessel for the saltwater 
chronic ambient water quality criterion and two other criteria were 
exceeded. In their response to Comment 35, the Navy responded with 
additional information referred to as “Attachment # 1".  There are two 
components to the Attachment. The first component consists of an 
explanation that the interior water concentration is very dependent upon 



The evaluation criteria (Attachment 1) have been revised to be more 
consistent with OPPTS guidance. 
 
If the exposure point concentration did not exceed the most conservative 
benchmark (e.g. no effects level), the risk analysis concluded that there was 
no indication of risk to the assessment endpoint. However, if the exposure 
point concentration exceeded either the most conservative or less 
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the rate of the water exchange with a lower water column.  The Navy 
also stated that the default setting was set at a very conservative 1% of 
the bottom and provided a graph to show the relationship between 
“Pentachlorbiphenyl mg/l” and “Fraction of Bottom Current.”  The bottom 
line is that the Navy believes the internal PCB concentrations are very 
conservative but this needs to be evaluated further. 
 The second component consists of a flow chart showing the 
decision logic of assessing risks to the assessment endpoints.  This is 
followed by an example of how the exceedence of the saltwater water 
quality criterion was addressed.  It appears that what the Navy did was 
to prepare a cumulative distribution graph with the toxicity values used to 
derive the saltwater criterion and compare the internal  concentration to 
the graph.  A table for using various cutoffs to determine negligible risk, 
very low risk and so forth is then presented.  In doing so, the point is 
being missed that a risk has been identified and that perhaps some risk 
management options or further exposure scenarios should be 
considered.  Arguing that because only a small percent of the individual 
test organism toxicity endpoints were exceeded means low risk does not 
negate the concern for risk indicated by exceeding the actual saltwater 
criterion.  Given concerns raised by other reviewers about how high the 
actual amounts of  PCBs in the wiring of the ship actually are, further 
analyses of potential exposure scenarios would be warranted.  Given 
that the Agency has to address the risks posed by proposed future ship 
sinkings, it is important to agree on what the limits of a screening risk 
assessment are and adhere to them. Thus, if a risk is identified, agree on 
subsequent steps.  The Navy has proposed such a scheme but I think 
additional exposure assessments need to be included as well as risk 
management options.  This is particularly true down the road when the 
Agency has to consider the potential risks due to additional PCB 
loadings. 



conservative benchmark (e.g. low effects level) an indication of risk relative to 
that benchmark was suggested and the available toxicological data was 
evaluated to aid in the interpretation of ecological risks. The evaluation was 
conducted by comparing the exposure point estimate from PRAM to the 
toxicological data available from the literature without using subjective “cut off” 
values to determine the level of risk (see attachment 1).  
 
The ecological significance of the interior water exceeding water quality 
benchmarks will be discussed in the revised report. Because of the limited 
exchange between the interior water and the lower water column surrounding 
the reef, the interior of the vessel is not expected to be readily colonized by 
epibenthic organisms that need a constant source of food from the outside of 
the vessel. Therefore, it is was assumed that the predominant route of 
exposure from the interior water would be from bioaccumulation and trophic 
transfer in the food chain rather than toxic effects from direct exposure. 
 
Quantitative modeling of other exposure scenarios and identification of 
appropriate risk management options are under consideration for development 
of the national permit. 



36 Specific Comment 36:  In EPA's original comment, a question was posed 
about what, if any, uncertainty factors were used in the risk assessment. 
 In their response to this comment, the Navy indicated that an 
uncertainty factor of 1 was used.  It was not apparent at the time of the 
review but an uncertainty factor of 1 was shown in their tables.  For Risk 
Assessments in OPPT, an uncertainty factor (a.k.a. Assessment Factor, 
MOE)  of at least 10 (provided it is derived from valid chronic data) is 
required for ecological risk assessments.  EPA recommends that the 
risks to mammalian, avian and turtle species be reevaluated using an 
uncertainty factor of 10. 



The report will be revised to use “assessment factors” where appropriate. The 
benchmarks for critical body residues and dietary exposure to dolphins, birds, 
turtles, and sharks will be divided by an assessment factor of 10 to account for 
species-to-species differences in the effects levels. The application of 
uncertainty factors and assessment factors will be clearly documented in the 
final report. 



44 Specific Comment 44:  The second part of that comment addresses the The following information will be added to the report to clarify the exposure 
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apparent discrepancy in how the predictions of the TDM are reported 
and compared to those of PRAM.  The Navy's proposal is unresponsive 
to this issue.  If our understanding the meaning of these data is correct, 
values shown for TDM predictions under-report the concentrations that 
should be used to compare to PRAM predictions.  The bigger implication 
here is that the Navy may have underestimated short-term, transient 
risks by treating the TDM predictions inappropriately.  This issue needs 
to be discussed and evaluated to ensure that the comparisons and risk 
estimates are appropriate.  The basic issue here is whether results from 
only the selected bins (in TDM lingo) are being compared to PRAM 
outputs and are used in risk calculations, as opposed to concentrations 
averaged spatially across all bins shipward from that indicated.  If the 
former, and with an assumption that concentrations fall off geometrically 
with distance from the ship, the concentration reported would necessarily 
be lower than its PRAM counterpart (which, by definition, reflects all 
waters shipward to the ZOI boundary). 



scenarios. 
 
The TDM estimates are based on exposure concentrations within defined 
volumes, just as the PRAM estimates are of exposure concentrations within 
defined volumes.  The TDM volumes are defined in terms of 15-meter wide 
annuli.  The height of these annuli are a fixed height, such that data presented 
on figures simple state the width of the annuli, rather than reiterating the height 
of each annulus.  If the figure indicates that the data are for the “0-15 m bin”, it 
means that the concentrations indicated were calculated for the annulus that is 
15 m wide, and which begins at the exterior of the ship and extends laterally 
away from the ship to a distance of 15 m.  For the lower water column, the 
height of the annulus is from the sediment up to the pycnocline; for the upper 
water column, the height of the annulus is from the top of the pycnocline to the 
surface of the water. 
 
A distance-averaged concentration was used for the TDM/PRAM model. The 
TDM provided exposure concentrations for bins 0-15m, 15-30m, 30-45m, 45–
60m, etc. away from the ship, while PRAM provided an estimate of the steady 
state concentration for the whole volume as a function of ZOI. A ZOI=2 
(14.7m) is roughly equivalent to the TDM bin of 0-15m and ZOI=5 (48.8m) falls 
at the boundary of the 30-45m and 45-60m TDM bins. For the TDM/PRAM 
model the abiotic exposure concentrations were obtained from the TDM 
model. The TDM output was input into PRAM, for each time interval, by 
calculating the PCB concentration provided for the 0-15m bin, 0-45m interval 
(average of 0-15m, 15-30m, and 30-45m bins), and 0-60m interval (average of 
0-15m, 15-30m, 30-45m, and 45-60m bins). The concentration for each bin 
was averaged over the appropriate time interval (eg. 1d (average for day 1), 7d 
(average from day 2 to 7), 14d (average from day 8 – 14), 28d (average from 
day 15 – 28), etc). TDM/PRAM then calculated the resulting steady 
concentrations for the biological compartments. This explanation will be 
provided in the revised report. 
 
The TDM/PRAM results plotted in Figs 31, 32, 34-37 should be labeled as “0 – 
15 m from Reef”, likewise Figs 33, 38-39 should be labeled “0 – 45 m” and “0 – 
60 m” from the Reef. This will be made clear in the revised report. 
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Appendix B: An Evaluation of the Prospective Risk Assessment Model 
(PRAM Version 1.4c) to Predict the Bioaccumulation of PCBs in the Food 
Chain of a Sunken Ship Artificial Reef 
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Introduction 



The output from the TDM and PRAM models were evaluated to the extent possible to 
identify any biases and verify the reliability of the results. Because the models are simulating 
future conditions, no field data are readily available to validate the model output. However 
model performance was evaluated to assure that the model results were internally consistent, that 
the predictions of the model conformed to the physiochemical properties being modeled, and that 
results produced by the model were consistent with similar studies reported in the literature. 
Critical in this evaluation was to judge whether the model could reliably perform the task of 
predicting PCB bioaccumulation in the reef environment. This provides an important quality 
assurance that PRAM can be used to support the risk assessment (Beck et al. 1997, Chen and 
Beck 1999, Beck and Chen 2000).  



Model Evaluation 



Model performance was evaluated to assure that the model results are internally 
consistent (the same set of inputs gives the same set of results), that the predictions of the model 
conform with the physiochemical properties being modeled, and that results produced by the 
model were consistent with similar studies reported in the literature. 



The main quality control check on the TDM model (NEHC/SSC-SD 2005b, 2006b) was 
to assure that mass balance was accounted for within the model. Subroutines were incorporated 
into the model to check for conservation of mass and the simulation results were evaluated to 
determine whether the results were reasonable approximations of natural phenomena. 
Additionally, Dr. Keith Little (RTI, International, Research Triangle Park, NC) conducted a 
detailed third party peer review of the model code and output to assure that model structure, 
algorithms, kinetics, and simulated output conformed to accepted conventions and standards with 
satisfactory results (Dr. Keith Little, RTI, International, personal communication). Dr. Little also 
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performed a similar review of PRAM 1.4, which also met with satisfactory results (Dr. Keith 
Little, RTI, International, personal communication).  



The PRAM output was compared to literature values to evaluate the validity and 
accuracy of the biological uptake and trophic transfer algorithms. The results of this evaluation 
are provided below. 



Zone of Influence 



Initial runs using PRAM 1.4c (NEHC/SSC-SD 2005a, 2006a) were conducted to verify 
model stability and accuracy by assuring that the model provided the same set of results for the 
same set of inputs and verifying that the model was functioning properly. A series of PRAM runs 
were conducted by keeping all parameters constant using the default values and varying the ZOI 
parameter from 1, 2, 3, 4, 5, and 10 (see 0 Appendix B.2 PRAM Output for Varying ZOI). 
Changing the ZOI only changes the physical dimensions of the model – the volume of air, water, 
and sediment included in the model (Figure B- 1) – all the physical, chemical, and bioenergetic 
equations and food chain linkages remain the same. Only the volume of water in the vessel’s 
interior remains constant at 5.38 × 104 m3



 (14,214,003 gallons). The ZOI represents a column of 
water directly around the ship. At ZOI=1 the water column boundary is defined by the hull of the 
ship, there is no sediment compartment,19 the lower water column is the water surrounding the 
ship which extends up to the pycnocline and is about 3 times larger (range 2.87 to 3.29 for 
ZOI=1 to 10) than the upper water column and about 4.5 times larger (range 4.31 to 4.83 for 
ZOI=1 to 10) than the overlying air compartment. The interior of the vessel was interpreted as 
the interior compartments of ship, the spaces separated from the water column by bulkheads, 
passageways, and hatches. The hangar-deck and other spaces that are open to ocean currents 
were considered to be the exterior of the ship. These are the primary surfaces that will be used as 
substrate by colonizing reef organisms where they will be exposed to PCB concentrations in the 
lower water column. 



For purposes of evaluating ecological effects from water column exposure the bulk water 
concentration (CBW) was calculated as: 



CBW = CW_FD + TSS × CTSS + DOC × CDOC [mg/L] [33]
where   



CW_FD = Freely dissolved concentration in water [mg/L] 
CTSS = Concentration in suspended sediments [mg/Kg] 



CDOC = Concentration in dissolved organic carbon [mg/Kg] 
TSS =  The amount of suspended sediment = 10 [mg/L]  



DOC = The amount of dissolved organic matter = 0.6 [mg/L] 



Based on the default inputs for PRAM (Appendix B.2.2 PRAM Default Parameters (ZOI 
=2 )) changing the ZOI from 1 to 10 resulted in about a 40% to 75% decrease in the 



                                                 



19 Although the sediment compartment is undefined for ZOI=1 PRAM still provides results for sediment and 
porewater concentrations, so it was assumed that this represented sediments “very “close to the ship, e.g. ≤ 15 m 
from the ship, such as sediment that could accumulate on the flight or hanger decks. 
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concentration of the lower water column and pore water, a 10% to 20% decrease in the upper 
water column concentration, and the interior vessel water concentration remained constant at 
6.7 × 10-4 mg/L (Figure B- 2). The interior vessel water was about 2-3 orders of magnitude 
higher than the concentration of the lower water column, 5 orders of magnitude higher than the 
concentrations in sediment pore water, and 6 orders of magnitude higher than the concentrations 
predicted for the upper water column. 



Total PCB concentrations in the sediment also decreased 40-80% as a function of ZOI, 
with the greatest decrease occurring between ZOI=1 and ZOI=2 when the sediment bed is added 
to the model (Figure B- 3, NEHC/SSC-SD 2005a, 2006a). Slight increases in the concentration 
of Total PCB in the air compartment were modeled as a function of ZOI (Figure B- 4). This was 
probably due to the effect of increasing the boundary between air and water, which resulted in an 
increase in the mass transfer of PCBs between the upper water column and the overlying air as 
the ZOI was increased. 



The change in concentration of Total PCB modeled by PRAM in food chains of the 
pelagic, benthic, and reef communities as a function of changes in the ZOI is shown in Figure B- 
5 and summarized in Table B - 1. The concentration of Total PCB modeled in the pelagic and 
benthic food chains decreased in proportion to the 40-75% reduction observed for the lower 
water column and pore water concentrations. However, the upper trophic levels of the reef 
community remained relatively constant, decreasing by less than 2-4% over the range of ZOIs 
used. This is because the accumulation of PCBs in the reef community is controlled by exposure 
to interior vessel water that does not change as a function of ZOI. 



Bioaccumulation Factor 



The lipid-based bioaccumulation factor (BAFLIPID) is defined as the lipid based 
concentration of a -chemical (CLipid) in a organism divided by the freely dissolved concentration 
in the water (CW_FD):  



BAFLIPID = CLipid / CW_FD [34]



The BAFLIPID represents the amount of chemical bioaccumulated from exposure to water 
and food (Fisk et al. 1998, 2001). In PRAM the BAFLIPID is calculated using the weighted 
average of the steady state water concentration in each compartment of the model that the 
organism is exposed to (interior water, lower water column, upper water column, and pore water, 
NEHC/SSC-SD 2005a, p2-84). Since changing the ZOI only affects the physical dimensions of 
the model, varying the ZOI has the effect of reduce the steady concentrations of the abiotic 
compartments because the size of the compartments are changed (NEHC/SSC-SD 2005a, p2-10). 
Therefore, changing the ZOI should not appreciably the BAFLIPIDs predicted by the model 
because PCB concentrations in target tissues are expected to decrease in proportion to that of all 
environmental media (biotic as well as abiotic) as the dilution volume of the ZOI changes. 



The BAFLIPID obtained from PRAM with a ZOI=1 for the components of the pelagic, 
benthic, and reef communities as a function of Log(Kow) are shown in Figure B- 6. The 
BAFLIPIDs followed the generally expected behavior of higher bioaccumulation of homologs with 
a Kow > 4.7. The primary producers (phytoplankton and algae) had a constant BAFLIPID for the 
di- to decachlorobiphenyls reflecting the fact that a constant BCF was used for the homologs 
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with Kow > 5.0, as is recommended in the literature (Spacie et al. 1995, Connolly 1991, 
NEHC/SSC-SD 2005a, p2-82). The highest BAFLIPIDs were calculated for jack, herring, crab, 
and grouper, while lower BAFLIPIDs were obtained for the benthic community, zooplankton from 
the pelagic community, and urchin and triggerfish from the reef community. The BAFLIPIDs 
calculated for bivalves followed a different pattern than the other species, the bivalve BAFLIPIDs 
were relatively constant for the homologs modeled. Only slight changes in the modeled 
BAFLIPIDs were detected over the range of ZOI=1 to 10 (Figure B- 7, Table B - 2).  



Predicting PCB bioaccumulation 



The accuracy of PRAM to predict bioaccumulation between trophic levels was evaluated 
by comparing data reported in the literature on PCB bioaccumulation as a function of diet to 
predictions obtained from PRAM. The important aspect of this evaluation is not necessarily to 
reproduce the predicted concentrations, but to evaluate whether the general pattern (increasing 
bioaccumulation as a function of Kow), degree of biomagnification between trophic levels, and 
determine if the relative magnitude of the accumulation is in agreement with literature data. In a 
study on the bioaccumulation of PCBs in the top predators (Chinook and Coho salmon) of the 
food chain in tributaries to Lake Michigan, Jackson et al. (2001) reported statistically significant 
regressions that predicted PCB homolog levels in salmon (TL4) as a function of tissue 
concentrations in pelagic mysids (Mysis relicta) and benthic amphipods (Diporeia spp.), which 
occupied TL2 in the limnetic food chain.  



CSalmon(i) = mi(CPrey(i)) + bi [35]
where   



CSalmon(i) = Concentration of homolog(i) in Coho or Chinook salmon 
CPrey(i)  PCB concentration of homolog(i) in mysid or amphipod 



mi = Slope for homolog(i) 
bi = Intercept for homolog(i) 



The food chain studied by Jackson et al. (2001) was very similar to the pelagic and 
benthic communities modeled by PRAM and there was a high degree of correlation between the 
TL2 macroinvertebrates and the TL3 salmon because the macroinvertebrates were the main route 
of transfer in the pelagic (mysid) and benthic (amphipod) food webs in the lake. Using the 
concentrations predicted by PRAM for TL2 pelagic (zooplankton) and benthic (infauna) prey the 
regressions were used to predict the PCB concentrations in the TL4 pelagic (jack) and benthic 
(flounder) and compared to the TL4 concentrations modeled by PRAM. When both the slope and 
intercept of the regression were used the results showed a similar pattern, but the PRAM 
predictions were less than what was obtained using the regressions, with a greater difference for 
the pelagic food chain than for the benthic food web (Figure B- 8). A similar pattern was found 
for the predicted Total PCB concentrations, PRAM under predicted bioaccumulation in the 
pelagic food chain was within the range obtained for the benthic food chain Figure B- 9. Note, 
that the Coho and Chinook concentrations for the benthic community and Chinook concentration 
for the lower chlorinated homologs could not be predicted, because the prey concentration were 
too low and the regression with intercept resulted in a negative value. This probably occurred 
because the modeled concentrations were outside (lower) than the empirical data used to 
calculate the regression. However, when PCB homologs were predicted using just the slope from 
the regression a much better agreement was obtained between PRAM and the regression results 
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for both the pelagic and benthic communities for homologs (Figure B- 10) and Total PCB 
(Figure B- 11).  



These predictions are based on the assumption that the Lake Michigan food chains are 
similar to the pelagic and benthic food chains modeled in PRAM, which is a fairly reasonable 
assumption given that the food chain studied by Jackson et al. (2001) was relatively simple and 
that the primary route of exposure was through the diet. Jackson et al. (2001) reported that the 
diet of secondary consumers (alewife and scorpion fish, for pelagic and benthic food chains, 
respectively) was made up of “almost pure” mysids and amphipods leaving little doubt about the 
route of PCB transfer in the food chain to the tertiary consumers (salmon). It is reasonable to 
compare the PRAM output with the values obtained using just the slope of the uptake 
regressions, because the intercept is very site-specific and affected by factors like analytical 
detection limits, analytical and sampling biases, and differences in contaminant residues in wild 
fish due differences in gender, age, size, health, and other geographic variations in the sample 
population (Johnston et al. 2002). Although there are undoubtedly differences in the source 
signatures of PCBs present in Lake Michigan compared to the source of PCBs in PRAM, the 
sources are probably all derived from Aroclor mixtures and any PCBs released would be 
subjected to the same physical, chemical, and biological processes that are modeled in PRAM. 
The good agreement between the PRAM predictions and the uptake regressions shows that 
PRAM is providing reasonable estimates for this aspect of the model. 



The purpose of the comparison above was to determine if PRAM could model the pattern 
of PCBs bioaccumulated as a function of Kow, the degree of biomagnification between trophic 
levels, and the magnitude of the accumulation relative to the concentration in the prey. Note that 
Figure B- 8 and Figure B- 10 show that accumulation for individual congeners from Jackson (et 
al. 2001) and homologs from PRAM while Figure B- 9 and Figure B- 11 show Total PCB 
reported by Jackson (et al. 2001) and Total PCB (sum of homologs) from PRAM, and different 
regressions were used for each (that is why the Predator (IV) concentration is higher than coho). 
Figure B- 10 shows that PRAM does very well in predicting the bioaccumulation of homologs 
with a Kow ≥6.5 (penta-, hexa-, and heptachlorobiphenyl), these homologs account for 49%, 
10%, and 10%, respectively of the total PCBs released at steady state from materials expected to 
be on the ex-ORISKANY after sinking.  



Biomagnification between trophic levels 



Another means of evaluating the output from PRAM is to compare the relative increase 
in bioaccumulation as a function of the links in the food chain or trophic level (Stapleton et al 
2001, Fisk et al. 2001). This approach evaluates the biomagnification (BMF) factor, or step 
increase in PCB accumulation moving from one trophic level to the next, by comparing the 
relative increases in PCBs between predator and prey modeled by PRAM to data reported in the 
literature.  



The lipid-based, trophic level corrected BMFTLC is calculated by the ratio of the lipid-
based tissue concentration of the predator (CPRED_L) to its prey (CPREY_L) normalized to the TL of 
each organism (Fisk et al. 2001): 
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BMFTLC 



 
= 



CPRED_L / CPREY_L 
---------------------- 
 TLPRED / TLPREY 



[36]



The TL for the PRAM food chain was calculated based on the weighted average of each 
component of a organism’s diet: 



TL(j) = 1 + Σ fdiet(i) x TLPrey(i) [37]
where   



TL(j) = Trophic level for species (j), summed for number of (i) prey 
items modeled  



fdiet(i) = Fraction of diet for prey item (i) 
TLPrey(i)  Trophic level of prey item (i) 



The default dietary preferences used by PRAM and the TL determined by diet for each 
compartment modeled in the food chain is shown in Table B - 3. For the calculations it was 
assumed that algae and plankton were assigned a TL of 1, and suspended sediments in the upper 
water column, suspended sediment in the lower water column, and sediment were assigned a TL 
of 1.125, 1.250, and 1.5, respectively, to represent the relative increase in recycled detrital matter 
in the sediment pool. 



Stapleton et al. (2001) reported Total PCB concentrations in the pelagic, benthic, and 
demersal food chains in Grand Traverse Bay Lake Michigan for which BMFTLC’s were 
calculated. Fisk et al (2001) reported BMFTLC‘s for PCB congeners in a demersal food chain 
from Arctic waters of the Northwater Polynya near northern Greenland, and Mackintosk et al. 
(2004) reported data on the accumulation of six PCB congeners in a coastal marine food web in 
False Creek Harbor, Vancouver, BC, Canada. These studies provide data on the bioaccumulation 
of Total PCBs and specific congeners from a wide range of ecosystems for comparison to 
PRAM. 



The following food chains were evaluated: 
Food Chain TL2 TL3 TL4 
Grand Traverse Bay 
  Pelagic Zooplankton → Alewife  → Lake Trout 
  Benthic Amphipod → Sculpin → Salmon  
  Demersal Mysid → Bloater → Burbot  
Northwater Polynya   
  Demersal Copepods → Amphipod → Arctic Cod 
False Creek Harbor   
  Pelagic Juvenile Perch → Greenling → Dogfish 
  Benthic Clams → English Sole → Dogfish 
  Demersal Juvenile Perch → Staghorn Sculpin → Dogfish 



The BMFTLC obtained for the predictions from PRAM compared very well to the 
literature values from the studies cited above (Figure B- 12, Table B - 3). This analysis assumed 
that the food chain links evaluated were similar and subject to the same physical and chemical 
processes modeled in PRAM. Although there is uncertainty associated with the trophic level 
assignments reported in the literature studies, the TL assignments were all based on 
measurements of δN13 and δC13 isotopes. In calculating the BMFTLC’s it was assumed that 100% 











 



of the diet came from the prey species being evaluated, which actually varied in PRAM as it does 
in natural food webs. The analysis provides a way to independently evaluate model performance 
by comparing the relative increases in PCB accumulation along specific links of the food chain. 
Another source of uncertainty is that the PCB concentrations from the literature were reported as 
sums of congeners (Stapleton et al. 2001, Fisk et al. 2001) or individual PCBs (Mackintosh et al. 
2001) and the PRAM output was evaluated as the sum of homologs (Total PCB). More detailed 
evaluations could be performed for individual homologs and groups of congeners to further 
evaluate the model. Based on the current analysis it appears that the predictions from PRAM 
agree with the expected BMFs of PCBs in similar food chains. 



Trophic level and Bioaccumulation Factors 



The relationship between trophic level and BAFs was evaluated by comparing measured 
BAFs reported by Burkhard et al. (2003, Figure B- 13) to the BAFs predicted by PRAM as a 
function of Kow (Figure B- 14). The comparison of the lipid-based bioaccumulation factors 
(BAFLIPIDs) predicted by PRAM and BAFs reported for 13 species of fish from Green Bay Lake 
Michigan, the Hudson River, and Lake Ontario generally showed good agreement, although 
there appeared to be less PCBs accumulated for homologs between Log(Kow) 6 and 7, the penta- 
and hexachlorobiphenyls. The fact that PRAM showed the general trend of increasing BAFLIPIDs 
as a function of Log(Kow) that tracks the literature values is very encouraging. The deviation 
from literature values for some of the TL3 (triggerfish) and TL4 (flounder and grouper) indicates 
that some model tuning may be warranted. The invertebrate predators were included on the plot 
for comparison purposes; comparable data on the BAFLIPIDs in upper trophic level invertebrates 
are currently not available. Data for the higher chlorinated congeners and homologs with 
Log(Kow) > 7 were also not available. The BAFLIPIDs for hepta- to decachlorobiphenyls would 
probably begin to decline as was indicated by the PRAM results.  



In comparing the results from PRAM to BAFLIPIDs obtained from field data, it must be 
noted that there are many reasons for variability in BAFLIPIDs obtained from field data. These 
include differences in the actual trophic level and the nominal or measured (with δN13 and δC13 
isotopes), the fact that most ecosystems are in disequilibria with chemical inputs and losses, 
errors and biases in sampling and analytical chemistry, and difference in age, size, gender, 
growth rate, and reproductive status of the specimens sampled (Burkhard et al. 2003, Johnston et 
al. 2002). 



Food Web Magnification Factors 



Perhaps the best way of evaluating the PRAM output is to look at bioaccumulation across 
the food web as a whole by calculating the Food Web Magnification Factor (FWMF, Fisk et al. 
2001): 



FWMF = eb [38]
Where b is the slope of the log-linear (natural log) regression between PCB 
concentration and TL: 



Ln(PCB) = a + b(TL) [39]
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The regression takes into account bioaccumulation within the food web as a whole and b 
represents the rate of PCB accumulation as a chemical (in this case PCBs) moves up the food 
chain. When FWMF > 1 it means that the chemical is biomagnifing; FWMF < 1 indicates trophic 
dilution (Fisk et al. 2001, Mackintosh et al. 2004).  



The FWMF for the pelagic, benthic, and reef food chains modeled by PRAM were 
calculated with the default PRAM output (ZOI=2) by regressing the Ln(PCB) for each homolog 
against the TLs calculated for the pelagic, benthic, and reef communities to obtain the regression 
coefficient (b) for each of the homologs (Figure B- 15, Figure B- 16, Figure B- 17 and Table B - 
5). The resulting FWMFs from PRAM were compared to FWMFs reported for the Northwater 
Polynya Arctic Food Web (Fisk et al. 2001), the False Creek Harbor food web (Mackintosh et al. 
2004), and a marine food web from Bohai Bay, China (Wan et al. 2005, Figure B- 18). 



The highest FWMFs obtained from PRAM were for the hexa-, hepta-, and 
nonachlorobiphenyls in the reef and pelagic communities. The homologs with Log(Kow) < 5.6 
did not biomagnify in any of the communities and decachlorobiphenyl did not biomagnify in the 
benthic food web. There was very good agreement between the FWMF predicted by PRAM and 
the literature values. The PRAM results encompassed the range of FWMFs reported in the 
literature with the reef community having the highest FWMFs. Once again, the PRAM results 
follow the general trend observed in the literature data. There is quite a bit of scatter in the 
literature data, because values were calculated for individual congeners (including coplanar and 
non-coplanar PCBs) within greatly varying food webs. The Arctic food web encompassed a wide 
range of predator-prey interactions including sea birds and mammals (Fisk et al. 2001), while the 
marine food webs from Canada and China had similar structure at the lower TL they supported 
different top-level predators (Mackintosh et al. 2004, Wan et al. 2005).  



Summary of Model Evaluations 



These results add to the confidence that PRAM is able to model food chain 
bioaccumulation of PCBs with reasonable accuracy. The model validation analysis described 
above for PRAM only evaluated the trophic transfer mechanisms in the model, which are 
independent of the input conditions (PCB releases rates) and transport processes also simulated 
in the model. While there is uncertainty about the results obtained from PRAM the analysis 
shows that PRAM is giving reasonable and plausible results that can be used to assess risks 
associated with the ex-ORISKANY. Comparison of the overall food web magnification factor 
(FWMF) obtained from PRAM to data available from field studies showed that biomagnification 
in the reef community modeled by PRAM was higher than all the available literature values 
(Figure B- 18) and the FWMF for the pelagic and benthic communities fell within the range of 
the field data. This adds to confidence that the results from PRAM are valid. Although some 
fine-tuning of certain aspects of the model may be desirable, the good agreement with literature 
values indicates that the results from PRAM are plausible and reasonably good estimates of what 
would occur given that the other model assumptions and input procedures are accurate 
representations of what is occurring at the site.  
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Table B-1. Summary of PCB concentrations (mg/Kg-ww) predicted by PRAM for ZOI=1, 2, 3, 4, 5, and 10.
ZOI=1
Tissue Conc. (mg/kg-WW) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca Total PCB
Pelagic Community
Phytoplankton (TL1) 1.676E-14 4.439E-10 3.571E-11 5.792E-10 7.606E-10 3.041E-11 1.246E-11 0.000E+00 5.612E-15 2.010E-17 1.862E-09
Zooplankton (TL-II) 6.050E-10 2.246E-05 2.266E-06 4.277E-05 4.242E-05 6.070E-06 5.400E-06 0.000E+00 2.708E-08 4.003E-09 1.214E-04
Planktivore (TL-III) 1.819E-10 2.531E-05 4.615E-06 1.688E-04 3.008E-04 4.733E-05 4.107E-05 0.000E+00 1.359E-07 7.152E-09 5.880E-04
Piscivore (TL-IV) 4.755E-11 4.461E-06 1.225E-06 9.859E-05 5.272E-04 1.420E-04 1.388E-04 0.000E+00 4.055E-07 8.845E-09 9.127E-04
Reef / Vessel Community
Attached Algae 8.350E-11 2.248E-06 1.902E-07 3.161E-06 4.977E-06 4.841E-07 3.057E-07 0.000E+00 6.876E-10 3.074E-11 1.137E-05
Sessile filter feeder (TL-II) 1.468E-09 4.952E-05 4.891E-06 9.197E-05 8.903E-05 7.886E-06 5.710E-06 0.000E+00 1.828E-08 1.983E-09 2.490E-04
Invertebrate Omnivore (TL-II 1.523E-08 1.188E-03 1.758E-04 5.668E-03 9.186E-03 6.545E-04 3.455E-04 0.000E+00 2.527E-07 3.746E-09 1.722E-02
Invertebrate Forager (TL-III) 5.250E-08 2.152E-03 3.213E-04 1.087E-02 2.081E-02 1.654E-03 9.215E-04 0.000E+00 1.020E-06 6.540E-08 3.674E-02
Vertebrate Forager (TL-III) 1.421E-08 1.004E-03 2.165E-04 1.272E-02 4.530E-02 4.613E-03 2.709E-03 0.000E+00 3.057E-06 9.893E-08 6.657E-02
Predator (TL-IV) 7.885E-09 5.138E-04 1.217E-04 1.066E-02 8.247E-02 1.270E-02 8.181E-03 0.000E+00 8.810E-06 1.906E-07 1.147E-01
Benthic Community
Infaunal invert. (TL-II) 3.954E-10 1.553E-05 1.614E-06 3.193E-05 3.205E-05 2.934E-06 2.144E-06 0.000E+00 5.984E-09 4.264E-10 8.621E-05
Epifaunal invert. (TL-II) 5.517E-10 3.249E-05 3.875E-06 8.770E-05 9.664E-05 9.264E-06 6.838E-06 0.000E+00 1.718E-08 9.420E-10 2.368E-04
Forager (TL-III) 7.142E-10 3.944E-05 6.031E-06 1.823E-04 2.716E-04 2.539E-05 1.730E-05 0.000E+00 2.758E-08 6.328E-10 5.421E-04
Predator (TL-IV) 1.457E-10 2.423E-05 6.388E-06 3.956E-04 1.192E-03 1.434E-04 1.013E-04 0.000E+00 1.302E-07 1.914E-09 1.863E-03



ZOI=2
Tissue Conc. (mg/kg-WW) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca Total PCB
Pelagic Community
Phytoplankton (TL1) 1.507E-14 3.991E-10 3.211E-11 5.207E-10 6.838E-10 2.735E-11 1.120E-11 0.000E+00 5.047E-15 1.807E-17 1.674E-09
Zooplankton (TL-II) 3.847E-10 1.429E-05 1.441E-06 2.720E-05 2.698E-05 3.860E-06 3.434E-06 0.000E+00 1.722E-08 2.545E-09 7.722E-05
Planktivore (TL-III) 1.157E-10 1.610E-05 2.935E-06 1.073E-04 1.913E-04 3.010E-05 2.611E-05 0.000E+00 8.639E-08 4.548E-09 3.740E-04
Piscivore (TL-IV) 3.024E-11 2.837E-06 7.791E-07 6.270E-05 3.353E-04 9.028E-05 8.828E-05 0.000E+00 2.579E-07 5.625E-09 5.804E-04
Reef / Vessel Community
Attached Algae 5.309E-11 1.429E-06 1.209E-07 2.010E-06 3.165E-06 3.078E-07 1.944E-07 0.000E+00 4.372E-10 1.955E-11 7.228E-06
Sessile filter feeder (TL-II) 9.335E-10 3.149E-05 3.110E-06 5.848E-05 5.662E-05 5.014E-06 3.631E-06 0.000E+00 1.162E-08 1.261E-09 1.584E-04
Invertebrate Omnivore (TL-II 1.513E-08 1.176E-03 1.737E-04 5.591E-03 9.032E-03 6.389E-04 3.351E-04 0.000E+00 2.343E-07 3.166E-09 1.695E-02
Invertebrate Forager (TL-III) 5.231E-08 2.136E-03 3.184E-04 1.075E-02 2.052E-02 1.623E-03 9.003E-04 0.000E+00 9.901E-07 6.469E-08 3.624E-02
Vertebrate Forager (TL-III) 1.415E-08 9.949E-04 2.140E-04 1.254E-02 4.459E-02 4.516E-03 2.638E-03 0.000E+00 2.960E-06 9.732E-08 6.550E-02
Predator (TL-IV) 7.841E-09 5.098E-04 1.205E-04 1.052E-02 8.122E-02 1.244E-02 7.984E-03 0.000E+00 8.585E-06 1.886E-07 1.128E-01
Benthic Community
Infaunal invert. (TL-II) 2.514E-10 9.875E-06 1.026E-06 2.030E-05 2.038E-05 1.866E-06 1.363E-06 0.000E+00 3.805E-09 2.711E-10 5.482E-05
Epifaunal invert. (TL-II) 3.508E-10 2.066E-05 2.464E-06 5.577E-05 6.146E-05 5.891E-06 4.348E-06 0.000E+00 1.092E-08 5.990E-10 1.506E-04
Forager (TL-III) 4.541E-10 2.508E-05 3.835E-06 1.159E-04 1.727E-04 1.615E-05 1.100E-05 0.000E+00 1.754E-08 4.024E-10 3.447E-04
Predator (TL-IV) 9.265E-11 1.541E-05 4.062E-06 2.516E-04 7.580E-04 9.120E-05 6.440E-05 0.000E+00 8.279E-08 1.217E-09 1.185E-03
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ZOI=3
Tissue Conc. (mg/kg-WW) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca Total PCB
Pelagic Community
Phytoplankton (TL1) 1.442E-14 3.819E-10 3.073E-11 4.983E-10 6.545E-10 2.618E-11 1.072E-11 0.000E+00 4.831E-15 1.730E-17 1.602E-09
Zooplankton (TL-II) 3.007E-10 1.117E-05 1.127E-06 2.126E-05 2.109E-05 3.017E-06 2.684E-06 0.000E+00 1.346E-08 1.989E-09 6.036E-05
Planktivore (TL-III) 9.043E-11 1.258E-05 2.294E-06 8.391E-05 1.495E-04 2.353E-05 2.041E-05 0.000E+00 6.753E-08 3.555E-09 2.923E-04
Piscivore (TL-IV) 2.364E-11 2.218E-06 6.091E-07 4.901E-05 2.621E-04 7.057E-05 6.900E-05 0.000E+00 2.016E-07 4.396E-09 4.537E-04
Reef / Vessel Community
Attached Algae 4.150E-11 1.117E-06 9.453E-08 1.571E-06 2.474E-06 2.406E-07 1.519E-07 0.000E+00 3.418E-10 1.528E-11 5.649E-06
Sessile filter feeder (TL-II) 7.297E-10 2.461E-05 2.431E-06 4.571E-05 4.425E-05 3.919E-06 2.838E-06 0.000E+00 9.084E-09 9.857E-10 1.238E-04
Invertebrate Omnivore (TL-II 1.509E-08 1.171E-03 1.729E-04 5.561E-03 8.973E-03 6.330E-04 3.312E-04 0.000E+00 2.273E-07 2.944E-09 1.684E-02
Invertebrate Forager (TL-III) 5.224E-08 2.131E-03 3.173E-04 1.070E-02 2.041E-02 1.611E-03 8.923E-04 0.000E+00 9.787E-07 6.442E-08 3.606E-02
Vertebrate Forager (TL-III) 1.413E-08 9.913E-04 2.130E-04 1.247E-02 4.432E-02 4.478E-03 2.612E-03 0.000E+00 2.923E-06 9.671E-08 6.509E-02
Predator (TL-IV) 7.825E-09 5.083E-04 1.201E-04 1.047E-02 8.075E-02 1.235E-02 7.909E-03 0.000E+00 8.499E-06 1.879E-07 1.121E-01
Benthic Community
Infaunal invert. (TL-II) 1.965E-10 7.718E-06 8.022E-07 1.587E-05 1.593E-05 1.458E-06 1.066E-06 0.000E+00 2.974E-09 2.119E-10 4.285E-05
Epifaunal invert. (TL-II) 2.742E-10 1.615E-05 1.926E-06 4.359E-05 4.804E-05 4.604E-06 3.399E-06 0.000E+00 8.539E-09 4.682E-10 1.177E-04
Forager (TL-III) 3.550E-10 1.960E-05 2.998E-06 9.058E-05 1.350E-04 1.262E-05 8.600E-06 0.000E+00 1.371E-08 3.145E-10 2.694E-04
Predator (TL-IV) 7.241E-11 1.204E-05 3.175E-06 1.966E-04 5.925E-04 7.128E-05 5.034E-05 0.000E+00 6.471E-08 9.512E-10 9.260E-04



ZOI=4
Tissue Conc. (mg/kg-WW) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca Total PCB
Pelagic Community
Phytoplankton (TL1) 1.406E-14 3.724E-10 2.996E-11 4.859E-10 6.382E-10 2.552E-11 1.046E-11 0.000E+00 4.711E-15 1.687E-17 1.562E-09
Zooplankton (TL-II) 2.540E-10 9.431E-06 9.514E-07 1.796E-05 1.781E-05 2.548E-06 2.267E-06 0.000E+00 1.137E-08 1.680E-09 5.098E-05
Planktivore (TL-III) 7.638E-11 1.063E-05 1.938E-06 7.087E-05 1.263E-04 1.987E-05 1.724E-05 0.000E+00 5.703E-08 3.002E-09 2.469E-04
Piscivore (TL-IV) 1.997E-11 1.873E-06 5.144E-07 4.140E-05 2.214E-04 5.960E-05 5.827E-05 0.000E+00 1.702E-07 3.713E-09 3.832E-04
Reef / Vessel Community
Attached Algae 3.504E-11 9.434E-07 7.983E-08 1.327E-06 2.089E-06 2.032E-07 1.283E-07 0.000E+00 2.886E-10 1.290E-11 4.771E-06
Sessile filter feeder (TL-II) 6.162E-10 2.078E-05 2.053E-06 3.860E-05 3.737E-05 3.310E-06 2.397E-06 0.000E+00 7.672E-09 8.324E-10 1.045E-04
Invertebrate Omnivore (TL-II 1.507E-08 1.168E-03 1.725E-04 5.545E-03 8.940E-03 6.297E-04 3.290E-04 0.000E+00 2.234E-07 2.821E-09 1.678E-02
Invertebrate Forager (TL-III) 5.220E-08 2.127E-03 3.167E-04 1.067E-02 2.034E-02 1.604E-03 8.878E-04 0.000E+00 9.723E-07 6.427E-08 3.595E-02
Vertebrate Forager (TL-III) 1.412E-08 9.894E-04 2.125E-04 1.243E-02 4.416E-02 4.458E-03 2.597E-03 0.000E+00 2.902E-06 9.637E-08 6.486E-02
Predator (TL-IV) 7.815E-09 5.075E-04 1.198E-04 1.044E-02 8.048E-02 1.229E-02 7.868E-03 0.000E+00 8.451E-06 1.875E-07 1.117E-01
Benthic Community
Infaunal invert. (TL-II) 1.659E-10 6.518E-06 6.774E-07 1.340E-05 1.345E-05 1.231E-06 8.999E-07 0.000E+00 2.512E-09 1.790E-10 3.619E-05
Epifaunal invert. (TL-II) 2.316E-10 1.364E-05 1.626E-06 3.681E-05 4.057E-05 3.888E-06 2.870E-06 0.000E+00 7.211E-09 3.954E-10 9.941E-05
Forager (TL-III) 2.998E-10 1.656E-05 2.531E-06 7.650E-05 1.140E-04 1.066E-05 7.263E-06 0.000E+00 1.158E-08 2.656E-10 2.275E-04
Predator (TL-IV) 6.115E-11 1.017E-05 2.681E-06 1.661E-04 5.004E-04 6.020E-05 4.251E-05 0.000E+00 5.465E-08 8.033E-10 7.821E-04
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ZOI=5
Tissue Conc. (mg/kg-WW) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca Total PCB
Pelagic Community
Phytoplankton (TL1) 1.382E-14 3.661E-10 2.946E-11 4.777E-10 6.275E-10 2.510E-11 1.028E-11 0.000E+00 4.633E-15 1.659E-17 1.536E-09
Zooplankton (TL-II) 2.234E-10 8.295E-06 8.368E-07 1.579E-05 1.567E-05 2.241E-06 1.994E-06 0.000E+00 9.996E-09 1.478E-09 4.484E-05
Planktivore (TL-III) 6.719E-11 9.348E-06 1.704E-06 6.233E-05 1.111E-04 1.748E-05 1.516E-05 0.000E+00 5.016E-08 2.640E-09 2.172E-04
Piscivore (TL-IV) 1.757E-11 1.648E-06 4.525E-07 3.641E-05 1.947E-04 5.242E-05 5.125E-05 0.000E+00 1.497E-07 3.265E-09 3.371E-04
Reef / Vessel Community
Attached Algae 3.082E-11 8.297E-07 7.021E-08 1.167E-06 1.837E-06 1.787E-07 1.128E-07 0.000E+00 2.538E-10 1.135E-11 4.196E-06
Sessile filter feeder (TL-II) 5.420E-10 1.828E-05 1.806E-06 3.395E-05 3.287E-05 2.911E-06 2.108E-06 0.000E+00 6.748E-09 7.322E-10 9.194E-05
Invertebrate Omnivore (TL-II 1.505E-08 1.167E-03 1.722E-04 5.534E-03 8.918E-03 6.275E-04 3.276E-04 0.000E+00 2.209E-07 2.740E-09 1.675E-02
Invertebrate Forager (TL-III) 5.217E-08 2.125E-03 3.163E-04 1.065E-02 2.030E-02 1.600E-03 8.848E-04 0.000E+00 9.682E-07 6.418E-08 3.588E-02
Vertebrate Forager (TL-III) 1.411E-08 9.880E-04 2.121E-04 1.241E-02 4.406E-02 4.444E-03 2.587E-03 0.000E+00 2.889E-06 9.615E-08 6.471E-02
Predator (TL-IV) 7.809E-09 5.069E-04 1.196E-04 1.042E-02 8.031E-02 1.226E-02 7.840E-03 0.000E+00 8.420E-06 1.872E-07 1.115E-01
Benthic Community
Infaunal invert. (TL-II) 1.460E-10 5.733E-06 5.958E-07 1.179E-05 1.183E-05 1.083E-06 7.915E-07 0.000E+00 2.209E-09 1.574E-10 3.183E-05
Epifaunal invert. (TL-II) 2.037E-10 1.199E-05 1.431E-06 3.238E-05 3.568E-05 3.420E-06 2.525E-06 0.000E+00 6.343E-09 3.478E-10 8.744E-05
Forager (TL-III) 2.636E-10 1.456E-05 2.226E-06 6.728E-05 1.003E-04 9.375E-06 6.388E-06 0.000E+00 1.018E-08 2.336E-10 2.001E-04
Predator (TL-IV) 5.379E-11 8.946E-06 2.358E-06 1.461E-04 4.401E-04 5.295E-05 3.739E-05 0.000E+00 4.806E-08 7.065E-10 6.879E-04



ZOI=10
Tissue Conc. (mg/kg-WW) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca Total PCB
Pelagic Community
Phytoplankton (TL1) 1.326E-14 3.513E-10 2.827E-11 4.585E-10 6.023E-10 2.410E-11 9.872E-12 0.000E+00 4.449E-15 1.593E-17 1.474E-09
Zooplankton (TL-II) 1.517E-10 5.634E-06 5.684E-07 1.073E-05 1.064E-05 1.522E-06 1.354E-06 0.000E+00 6.788E-09 1.003E-09 3.045E-05
Planktivore (TL-III) 4.564E-11 6.349E-06 1.158E-06 4.234E-05 7.545E-05 1.187E-05 1.030E-05 0.000E+00 3.406E-08 1.793E-09 1.475E-04
Piscivore (TL-IV) 1.194E-11 1.119E-06 3.074E-07 2.473E-05 1.323E-04 3.560E-05 3.480E-05 0.000E+00 1.017E-07 2.217E-09 2.289E-04
Reef / Vessel Community
Attached Algae 2.093E-11 5.634E-07 4.767E-08 7.923E-07 1.248E-06 1.213E-07 7.662E-08 0.000E+00 1.724E-10 7.707E-12 2.849E-06
Sessile filter feeder (TL-II) 3.680E-10 1.241E-05 1.226E-06 2.306E-05 2.232E-05 1.977E-06 1.431E-06 0.000E+00 4.582E-09 4.971E-10 6.243E-05
Invertebrate Omnivore (TL-II 1.502E-08 1.163E-03 1.715E-04 5.509E-03 8.868E-03 6.224E-04 3.242E-04 0.000E+00 2.149E-07 2.551E-09 1.666E-02
Invertebrate Forager (TL-III) 5.211E-08 2.120E-03 3.153E-04 1.061E-02 2.021E-02 1.589E-03 8.779E-04 0.000E+00 9.585E-07 6.394E-08 3.572E-02
Vertebrate Forager (TL-III) 1.409E-08 9.850E-04 2.113E-04 1.235E-02 4.383E-02 4.412E-03 2.564E-03 0.000E+00 2.857E-06 9.563E-08 6.436E-02
Predator (TL-IV) 7.795E-09 5.056E-04 1.192E-04 1.037E-02 7.990E-02 1.218E-02 7.776E-03 0.000E+00 8.347E-06 1.865E-07 1.109E-01
Benthic Community
Infaunal invert. (TL-II) 9.910E-11 3.893E-06 4.046E-07 8.004E-06 8.036E-06 7.355E-07 5.375E-07 0.000E+00 1.500E-09 1.069E-10 2.161E-05
Epifaunal invert. (TL-II) 1.383E-10 8.144E-06 9.714E-07 2.199E-05 2.423E-05 2.322E-06 1.714E-06 0.000E+00 4.307E-09 2.361E-10 5.938E-05
Forager (TL-III) 1.790E-10 9.887E-06 1.512E-06 4.569E-05 6.809E-05 6.366E-06 4.337E-06 0.000E+00 6.915E-09 1.586E-10 1.359E-04
Predator (TL-IV) 3.652E-11 6.074E-06 1.601E-06 9.918E-05 2.989E-04 3.595E-05 2.539E-05 0.000E+00 3.264E-08 4.798E-10 4.671E-04
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Table B-2. Summary of BAFs (L/Kg-lipid) calculated by PRAM for ZOI=1, 2, 5, and 10.



ZOI=1
BAFs (L/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Zooplankton (TL-II) 1.347E+05 6.237E+05 7.436E+05 8.445E+05 5.319E+05 7.826E+05 1.103E+06 0.000E+00 2.458E+06 8.127E+06
Planktivore (TL-III) 7.604E+04 1.320E+06 2.844E+06 6.259E+06 7.084E+06 1.147E+07 1.576E+07 0.000E+00 2.317E+07 2.729E+07
Piscivore (TL-IV) 1.988E+04 2.326E+05 7.549E+05 3.656E+06 1.242E+07 3.439E+07 5.326E+07 0.000E+00 6.917E+07 3.375E+07
Reef / Vessel Community
Attached Algae 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Sessile filter feeder (TL-II) 9.590E+05 4.034E+06 4.709E+06 5.328E+06 3.275E+06 2.983E+06 3.420E+06 0.000E+00 4.867E+06 1.181E+07
Invertebrate Omnivore (TL-II 3.231E+04 3.143E+05 5.495E+05 1.066E+06 1.097E+06 8.039E+05 6.721E+05 0.000E+00 2.185E+05 7.246E+04
Invertebrate Forager (TL-III) 1.634E+05 8.353E+05 1.474E+06 3.001E+06 3.648E+06 2.981E+06 2.630E+06 0.000E+00 1.294E+06 1.856E+06
Vertebrate Forager (TL-III) 1.502E+04 1.324E+05 3.373E+05 1.193E+06 2.698E+06 2.825E+06 2.627E+06 0.000E+00 1.318E+06 9.538E+05
Predator (TL-IV) 1.243E+04 1.010E+05 2.827E+05 1.490E+06 7.321E+06 1.159E+07 1.183E+07 0.000E+00 5.661E+06 2.739E+06
Benthic Community
Infaunal invert. (TL-II) 2.429E+05 1.190E+06 1.462E+06 1.740E+06 1.109E+06 1.044E+06 1.208E+06 0.000E+00 1.499E+06 2.389E+06
Epifaunal invert. (TL-II) 3.013E+05 2.213E+06 3.119E+06 4.248E+06 2.973E+06 2.930E+06 3.425E+06 0.000E+00 3.825E+06 4.691E+06
Forager (TL-III) 1.759E+05 1.212E+06 2.189E+06 3.981E+06 3.768E+06 3.622E+06 3.908E+06 0.000E+00 2.770E+06 1.421E+06
Predator (TL-IV) 1.557E+04 3.231E+05 1.006E+06 3.750E+06 7.176E+06 8.877E+06 9.928E+06 0.000E+00 5.673E+06 1.865E+06



9.590E+05 4.034E+06 4.709E+06 6.259E+06 1.242E+07 3.439E+07 5.326E+07 0.000E+00 6.917E+07 3.375E+07



ZOI=2
BAFs (L/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Zooplankton (TL-II) 1.347E+05 6.238E+05 7.436E+05 8.445E+05 5.320E+05 7.826E+05 1.103E+06 0.000E+00 2.458E+06 8.127E+06
Planktivore (TL-III) 7.603E+04 1.320E+06 2.843E+06 6.258E+06 7.083E+06 1.146E+07 1.576E+07 0.000E+00 2.317E+07 2.729E+07
Piscivore (TL-IV) 1.988E+04 2.326E+05 7.548E+05 3.655E+06 1.242E+07 3.439E+07 5.326E+07 0.000E+00 6.917E+07 3.375E+07
Reef / Vessel Community
Attached Algae 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Sessile filter feeder (TL-II) 9.590E+05 4.034E+06 4.709E+06 5.328E+06 3.276E+06 2.983E+06 3.420E+06 0.000E+00 4.867E+06 1.181E+07
Invertebrate Omnivore (TL-II 3.226E+04 3.127E+05 5.460E+05 1.057E+06 1.085E+06 7.891E+05 6.556E+05 0.000E+00 2.037E+05 6.157E+04
Invertebrate Forager (TL-III) 1.633E+05 8.319E+05 1.465E+06 2.976E+06 3.608E+06 2.934E+06 2.578E+06 0.000E+00 1.260E+06 1.842E+06
Vertebrate Forager (TL-III) 1.501E+04 1.316E+05 3.345E+05 1.180E+06 2.664E+06 2.774E+06 2.567E+06 0.000E+00 1.280E+06 9.414E+05
Predator (TL-IV) 1.243E+04 1.008E+05 2.815E+05 1.479E+06 7.250E+06 1.142E+07 1.161E+07 0.000E+00 5.547E+06 2.726E+06
Benthic Community
Infaunal invert. (TL-II) 2.429E+05 1.190E+06 1.462E+06 1.740E+06 1.109E+06 1.044E+06 1.208E+06 0.000E+00 1.499E+06 2.389E+06
Epifaunal invert. (TL-II) 3.013E+05 2.213E+06 3.119E+06 4.248E+06 2.973E+06 2.930E+06 3.425E+06 0.000E+00 3.825E+06 4.691E+06
Forager (TL-III) 1.759E+05 1.212E+06 2.189E+06 3.981E+06 3.768E+06 3.622E+06 3.909E+06 0.000E+00 2.770E+06 1.421E+06
Predator (TL-IV) 1.557E+04 3.231E+05 1.006E+06 3.750E+06 7.177E+06 8.877E+06 9.928E+06 0.000E+00 5.673E+06 1.865E+06
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ZOI=5
BAFs (L/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Zooplankton (TL-II) 1.347E+05 6.238E+05 7.437E+05 8.446E+05 5.321E+05 7.827E+05 1.103E+06 0.000E+00 2.458E+06 8.127E+06
Planktivore (TL-III) 7.602E+04 1.319E+06 2.842E+06 6.256E+06 7.082E+06 1.146E+07 1.575E+07 0.000E+00 2.317E+07 2.729E+07
Piscivore (TL-IV) 1.988E+04 2.325E+05 7.546E+05 3.654E+06 1.241E+07 3.439E+07 5.326E+07 0.000E+00 6.917E+07 3.375E+07
Reef / Vessel Community
Attached Algae 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Sessile filter feeder (TL-II) 9.590E+05 4.034E+06 4.709E+06 5.328E+06 3.276E+06 2.983E+06 3.420E+06 0.000E+00 4.867E+06 1.181E+07
Invertebrate Omnivore (TL-II 3.223E+04 3.116E+05 5.434E+05 1.051E+06 1.076E+06 7.781E+05 6.433E+05 0.000E+00 1.928E+05 5.351E+04
Invertebrate Forager (TL-III) 1.633E+05 8.295E+05 1.459E+06 2.957E+06 3.579E+06 2.899E+06 2.540E+06 0.000E+00 1.235E+06 1.831E+06
Vertebrate Forager (TL-III) 1.500E+04 1.310E+05 3.324E+05 1.170E+06 2.639E+06 2.736E+06 2.523E+06 0.000E+00 1.252E+06 9.322E+05
Predator (TL-IV) 1.243E+04 1.006E+05 2.806E+05 1.470E+06 7.197E+06 1.130E+07 1.144E+07 0.000E+00 5.462E+06 2.716E+06
Benthic Community
Infaunal invert. (TL-II) 2.429E+05 1.190E+06 1.462E+06 1.740E+06 1.109E+06 1.044E+06 1.208E+06 0.000E+00 1.499E+06 2.389E+06
Epifaunal invert. (TL-II) 3.013E+05 2.213E+06 3.119E+06 4.248E+06 2.973E+06 2.930E+06 3.425E+06 0.000E+00 3.825E+06 4.691E+06
Forager (TL-III) 1.759E+05 1.212E+06 2.189E+06 3.981E+06 3.768E+06 3.622E+06 3.909E+06 0.000E+00 2.770E+06 1.421E+06
Predator (TL-IV) 1.557E+04 3.231E+05 1.006E+06 3.751E+06 7.177E+06 8.878E+06 9.928E+06 0.000E+00 5.673E+06 1.865E+06



ZOI=10
BAFs (L/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Zooplankton (TL-II) 1.347E+05 6.239E+05 7.438E+05 8.447E+05 5.321E+05 7.827E+05 1.103E+06 0.000E+00 2.458E+06 8.127E+06
Planktivore (TL-III) 7.601E+04 1.319E+06 2.841E+06 6.254E+06 7.080E+06 1.146E+07 1.575E+07 0.000E+00 2.317E+07 2.729E+07
Piscivore (TL-IV) 1.988E+04 2.325E+05 7.544E+05 3.653E+06 1.241E+07 3.438E+07 5.325E+07 0.000E+00 6.917E+07 3.375E+07
Reef / Vessel Community
Attached Algae 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Sessile filter feeder (TL-II) 9.590E+05 4.035E+06 4.709E+06 5.329E+06 3.276E+06 2.983E+06 3.421E+06 0.000E+00 4.867E+06 1.181E+07
Invertebrate Omnivore (TL-II 3.221E+04 3.111E+05 5.422E+05 1.048E+06 1.071E+06 7.733E+05 6.379E+05 0.000E+00 1.879E+05 4.991E+04
Invertebrate Forager (TL-III) 1.632E+05 8.284E+05 1.456E+06 2.949E+06 3.565E+06 2.883E+06 2.523E+06 0.000E+00 1.224E+06 1.827E+06
Vertebrate Forager (TL-III) 1.500E+04 1.308E+05 3.315E+05 1.166E+06 2.628E+06 2.720E+06 2.503E+06 0.000E+00 1.240E+06 9.282E+05
Predator (TL-IV) 1.243E+04 1.005E+05 2.801E+05 1.466E+06 7.174E+06 1.124E+07 1.137E+07 0.000E+00 5.425E+06 2.712E+06
Benthic Community
Infaunal invert. (TL-II) 2.429E+05 1.190E+06 1.462E+06 1.740E+06 1.109E+06 1.044E+06 1.208E+06 0.000E+00 1.499E+06 2.389E+06
Epifaunal invert. (TL-II) 3.013E+05 2.213E+06 3.120E+06 4.249E+06 2.974E+06 2.930E+06 3.426E+06 0.000E+00 3.825E+06 4.691E+06
Forager (TL-III) 1.759E+05 1.212E+06 2.190E+06 3.982E+06 3.768E+06 3.622E+06 3.909E+06 0.000E+00 2.770E+06 1.421E+06
Predator (TL-IV) 1.557E+04 3.231E+05 1.006E+06 3.751E+06 7.178E+06 8.878E+06 9.929E+06 0.000E+00 5.673E+06 1.865E+06



9.590E+05 4.035E+06 4.709E+06 6.254E+06 1.241E+07 3.438E+07 5.325E+07 0.000E+00 6.917E+07 3.375E+07
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average + std
Data from Stapleton et al. 2001 sumPCB



Lake Pelagic TL  ng/g lipid  3:2 / 4:3  4:2 sumPCB n  3:2 / 4:3  4:2 sumPCB n  3:2 / 4:3  4:2
Zooplankton 2.00 1120.0 351.0 2914.3
Alewife 3.00 4957.4 3.0 2144.7 4.1 16833.3 3.9
Lake Trout 4.00 8522.7 1.3 3.8 4048.1 1.4 5.8 16801.6 0.7 2.9



Lake Demersal
Mysid 2.00 828.6 378.9 1777.8
Bloater 3.00 13135.6 10.6 6740.5 11.9 26089.7 9.8
Burbot 4.00 17750.0 1.0 10.7 17750.0 2.0 23.4 17750.0 0.5 5.0



Lake Benthic
Amphipod 2.00 1447.1 670.8 3310.0
Sculpin 3.00 3468.2 1.6 1479.8 1.5 7073.2 1.4
Salmon 4.00 23788.5 5.1 8.2 23788.5 12.1 17.7 23788.5 2.5 3.6
Data from Mackintosh et al. 2004



PCB118
Coastal Pelagic TL  ng/g lipid  3:2 / 4:3  4:2 PCB118 ng  3:2 / 4:3  4:2 PCB118 ng  3:2 / 4:3  4:2



Juvenile Perch 2.30 263.0 166.0 416.9
Greenling 3.81 354.8 0.8 95.5 0.3 1318.3 1.9
Dogfish 4.07 645.7 1.7 1.4 302.0 3.0 1.0 1380.4 1.0 1.9



Coastal Demersal
Oyster 2.48 64.6 37.2 112.2
Crab 3.55 467.7 5.1 245.5 4.6 891.3 5.5
Dogfish 4.07 645.7 1.2 6.1 302.0 1.1 5.0 1380.4 1.4 7.5



Coastal Benthic
Manila Clam/Geoduck Clam 2.40 34.5 3.0 134.9
English Sole 3.64 549.5 10.5 112.2 25.1 2691.5 13.2
Dogfish 4.07 645.7 1.1 11.0 302.0 2.4 60.3 1380.4 0.5 6.0
Reported by Fisk, Hobson, & Norstrom 2001



Arctic Benthic TL sumPCB  3:2 / 4:3  4:2
Copepod 2.0
Amphipod 2.6 7.8
Artic Cod 3.7 0.9



Table B-3. Calculation of PCB biomagnification factors (BMF TLC) for trophic levels (TL) 3:2, 4:3, and 4:2 observed in pelagic, demersal, and benthic food webs from 
Grand Traverse Bay, Lake Michigan (Stapleton et al. 2001), False Creek Harbor, Vancouver, BC Canada (Mackintosh et al. 2004), a demersal food web from the 
Northwater Polynya, Arctic (Fisk, Hobson, & Norstrom 2001), and predicted by PRAM.



average average - std
BMFTLC BMFTLC BMFTLC



BMFTLC BMFTLC BMFTLC



BMFTLC
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Data from PRAM 1.4C
Tissue Conc. (mg/kg-lipid) mg/Kg Lipid



Pelagic Community TL Total PCB  3:2 / 4:3  4:2
Phytoplankton (TL1) 1.00 1.02E-07
Zooplankton (TL-II) 2.06 0.001462
Planktivore (TL-III) 3.06 0.005323 2.4
Piscivore (TL-IV) 3.96 0.008262 1.2 2.9



Reef / Vessel Community
Attached Algae 1.00 0.000439
Sessile filter feeder (TL-II) 2.13 0.017595
Invertebrate Omnivore (TL-II) 2.23 0.324634
Invertebrate Forager (TL-III) 3.18 1.518546 3.3
Vertebrate Forager (TL-III) 2.96 0.932337 2.2
Predator (TL-IV) 3.95 1.605862 1.3 2.79



Benthic Community
Infaunal invert. (TL-II) 2.46 0.005729
Epifaunal invert. (TL-II) 2.70 0.013991
Forager (TL-III) 3.52 0.014441 1.8
Predator (TL-IV) 4.10 0.021541 1.3 2.3



BMFTLC
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Food Chain chemical log(Kow) b r2 FWMF
PELAGIC Mono 4.474 -1.488 1.00 0.23
PELAGIC Di 5.236 -0.9857 0.79 0.37
PELAGIC Tri 5.521 -0.4574 0.41 0.63
PELAGIC Tetra 5.922 0.304 0.28 1.36
PELAGIC Penta 6.4951 1.1852 0.94 3.27
PELAGIC Hexa 6.9761 1.5136 0.99 4.54
PELAGIC Hepta 7.19 1.5619 0.99 4.77
PELAGIC Nona 8.351 1.2752 0.99 3.58
PELAGIC Deca 9.603 0.2675 0.99 1.31
REEF Mono 4.474 0.1444 0.00 1.16
REEF Di 5.236 0.2575 0.03 1.29
REEF Tri 5.521 0.6319 0.13 1.88
REEF Tetra 5.922 1.316 0.38 3.73
REEF Penta 6.4951 2.285 0.63 9.83
REEF Hexa 6.9761 2.6 0.73 13.46
REEF Hepta 7.19 2.597 0.77 13.42
REEF Nona 8.351 2.3579 0.89 10.57
REEF Deca 9.603 2.1129 0.79 8.27
BENTHIC Mono 4.474 -1.576 0.75 0.21
BENTHIC Di 5.236 -0.865 0.65 0.42
BENTHIC Tri 5.521 -0.34 0.28 0.71
BENTHIC Tetra 5.922 0.3047 0.30 1.36
BENTHIC Penta 6.4951 0.9336 0.83 2.54
BENTHIC Hexa 6.9761 1.0687 0.85 2.91
BENTHIC Hepta 7.19 1.0346 0.82 2.81
BENTHIC Nona 8.351 0.5492 0.55 1.73
BENTHIC Deca 9.603 -0.4238 0.39 0.65



Table B-4. The food web magnification factor (FWMF) calculated from the regression of ln(PCB) 
versus TL to obtain the slope (b) for the accumulation of each homolog in the pelagic, reef, and 
benthic communities modeled by PRAM.
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Fig. B-1. The change in physical dimensions of PRAM as a function of ZOI for distance from 
ship (A), the volumes of the upper and lower water columns (B), and the sediment bed (C). The 
interior vessel volume remains constant at 5.38 x 104 m3.
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Fig. B-2. Changes in Total PCB concentration in bulk water compartments in PRAM as a 
function of changing ZOI. Note that the concentration of Total PCB inside the vessel did not 
change as a function of ZOI.
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Fig. B-3. Concentrations of Total PCB in the bulk sediment compartment of PRAM as a function of 
ZOI.
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Fig. B-4. The concentration of Total PCB in the air compartment of PRAM as a function of ZOI.
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Fig. B-5. Change in concentration of Total PCB in food chains of pelagic, benthic, and reef 
communities modeled by PRAM as a function of changes in the ZOI. Data are ploted on log 
(left panels) and linear (right panels) y-axes.
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Fig. B-6. The BAFLIPID obtained from PRAM with a ZOI=1 for the components of the pelagic, 
benthic, and reef communities as a function of Log(Kow).
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Fig. B-7. Changes in the BAFLIPID for the upper trophic level (TL=IV) fishes (A) and for 
triggerfish (TL=3, B) as a function of ZOI and homolog.
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Fig. B-8. PCB homolog concentrations in top predators in the pelagic and benthic food chains 
predicted by PRAM compared to the concentrations predicted for Coho and Chinook salmon 
using the slope and intercept of the regressions reported by Jackson et al. 2001.
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Fig. B-9. Total PCB concentrations in top predators in the Pelagic and Benthic food chains 
predicted by PRAM compared to the concentrations predicted for Coho and Chinook salmon 
using the slope and intercept of the regressions reported by Jackson et al. 2001.
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Fig. B-10. PCB homolog concentrations in top predators in the Pelagic and Benthic food chains 
predicted by PRAM compared to the concentrations predicted for Coho and Chinook salmon 
using just the slope of the regressions reported by Jackson et al. 2001.
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Fig. B-11. Total PCB concentrations in top predators in the Pelagic and Benthic food chains 
predicted by PRAM compared to the concentrations predicted for Coho and Chinook salmon 
using just the slope of the regressions reported by Jackson et al. 2001.
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Fig. B-12. Comparison of PCB biomagnification factors (BMFTLC) for trophic levels 3:2, 4:3, and 
4:2 predicted by PRAM and observed in pelagic, demersal, and benthic food webs from Grand 
Traverse Bay, Lake Michigan (Stapleton et al. 2001), False Creek Harbor, Vancouver, BC 
Canada (Mackintosh et al. 2004), and a demersal food web from the Northwater Polynya, 
Arctic (Fisk, Hobson, & Norstrom 2001).











Fig. B-13. BAFLIPID s reported for PCB congeners in Burkhard et al. (2003).
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Fig. B-14. Comparison of the lipid-based bioaccumulation factors (BAFLIPID s) predicted by 
PRAM and BAFs reported in the literature from Green Bay Lake Michigan, the Hudson River, 
and Lake Ontario for Trophic Level III (A) and Trophic Level IV (B) predators.
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Fig. B-15. Biomagnification of mono-, di-, and trichlorobiphenyl predicted by PRAM.
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Fig. B-16. Biomagnification of tetra-, penta-, and hexachlorobiphenyl predicted by PRAM.
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Fig. B-17. Biomagnification of hepta-, nona-, and decachlorobiphenyl predicted by PRAM.
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Fig. B-18. Comparison of the food web magnification factor (FWMF) predicted by PRAM for the 
pelagic, reef, and benthic communities and the FWMF reported in the literature for food webs 
from the Arctic (Fisk et al. 2001), China Sea (Wan et al. 2005), and coastal British Columbia 
(Mackintosh et al. 2004).
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Appendix B.2 PRAM Output for Varying ZOI  
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B.2.7 Summary of Total PCBs concentrations modeled for biological and abiotic 
compartments as a function of ZOI. 
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ZOI = 1
RISK ESTIMATES RME CTE RME CTE RME CTE RME CTE
Benthic fish (flounder) 1.15E-07 8.88E-09 6.69E-03 1.53E-03 3.36E-08 6.82E-09 9.81E-03 1.77E-03
Benthic shellfish (lobster) 3.33E-08 2.58E-09 1.95E-03 4.46E-04 9.79E-09 1.98E-09 2.85E-03 5.15E-04
Pelagic fish (jack) 5.61E-08 4.35E-09 3.28E-03 7.51E-04 1.65E-08 3.34E-09 4.81E-03 8.66E-04
Reef fish TL-IV (grouper) 7.05E-06 5.46E-07 4.11E-01 9.44E-02 2.07E-06 4.20E-07 6.04E-01 1.09E-01
Reef fish TL-III (triggerfish) 4.10E-06 3.17E-07 2.39E-01 5.48E-02 1.20E-06 2.44E-07 3.51E-01 6.32E-02
Reef shellfish (crab) 2.26E-06 1.75E-07 1.32E-01 3.02E-02 6.63E-07 1.35E-07 1.93E-01 3.49E-02
PREDICTED EXPOSURE CONCENTRATIONS (mg/kg in fresh weight)
Benthic fish (flounder) 1.86E-03
Benthic shellfish (lobster) 5.42E-04
Pelagic fish (jack) 9.13E-04
Reef fish TL-IV (grouper) 1.15E-01
Reef fish TL-III (triggerfish) 6.66E-02
Reef shellfish (crab) 3.67E-02



RISK INPUTS - Adult RME CTE RISK INPUTS - Child RME CTE
Body Weight (BWc) (kg) 70 70 Body Weight (BWc) (kg) 15 15
Ingestion Rate (IRc) (kg/day) 0.0261 0.0072 Ingestion Rate (IRc) (kg/day) 0.0092916 0.0025632
Exposure Duration (EDc) (years) 24 3 Exposure Duration (EDc) (years) 6 6
Exposure Frequency (EFc) (days) 365 365 Exposure Frequency (EFc) (days) 365 365
Averaging Time for cancer (ATc) 25550 25550 Averaging Time for cancer (ATc) 25550 25550
Slope Factor (mg/kg-day) 2 1 Slope Factor (mg/kg-day) 2 1
Reference dose for PCBs (RfD) (mg/kg-day) 0.00002 0.000045 Reference dose for PCBs (RfD) (mg/kg-day) 0.00002 0.000045
Averaging Time for noncancer (ATnc-child) 8.76E+03 1.10E+03 Averaging Time for noncancer (ATnc-child) 2.19E+03 2.19E+03
Fractional Ingestion factor (FI) 0.17 0.25 Fractional Ingestion factor (FI) 0.17 0.25



Child - Adult IR scaling factor



Zone of Influence Multiplier 1
Scenario run on



PCB-LADEN MATERIAL INPUTS Fraction Release kg Material PCB Release Ex-Oriskany CV34
PCB Rate (ng/g-d) Onboard (ng/day) Ex-Oriskany CV34 27100



Ventilation Gaskets 3.14E-05 1.58E+03 1.46E+03 7.23E+04 Length (ft) 888
Lubricants 1.03E-04 2.20E+03 0.00E+00 0.00E+00 Beam (ft) 120
Foam Rubber Material 0.76% 2.62E+00 0.00E+00 0.00E+00
Black Rubber Material 5.29E-05 1.58E+03 5.40E+03 4.50E+05
Electrical Cable 1.85E-03 2.79E+02 2.96E+05 1.53E+08
Bulkhead Insulation Material 5.37E-04 6.76E+04 1.44E+04 5.22E+08
Aluminum Paint 2.00E-05 1.11E+04 3.87E+05 8.62E+07
Total 7.62E+08



ZOI = 1



7.78E+03 m2
3.00E-03 mile2



A 1.00E+01 m
B 1.50E+01 m
C 5.00E+01 m
D 1.00E-01 m
E 2.71E+02 m
F 3.66E+01 m



Air Column
Air 7.78E+04 m3



Upper Water Column
Water 1.17E+05 m3
TSS 7.78E-01 m3



Lower Water Column
Water 3.35E+05 m3
TSS 2.23E+00 m3



Inside Vessel
Water 5.38E+04 m3
TSS 3.59E-01 m3



Sediment Bed
Sediment 0.00E+00 m3



Abiotic Inputs Total PCB concentrations
Air Column Air Column



Active air space height above water column (m) 10 Air 5.26E-17 g/m3
Air current (m/h) 13677 Upper Water Column



Upper Water Column Freely dissolved in water 1.13E-12 mg/L
Temperature (oC) 24.5 Suspended solids 1.48E-08 mg/kg
Water depth (m) 15 Dissolved organic carbon 1.98E-07 mg/kg
Total suspended solids (mg/L) 10 Lower Water Column
Dissolved organic carbon (mg/L) 0.6 Freely dissolved in water 6.90E-09 mg/L
Dissolved oxygen (mg/L) 6.12 Suspended solids 1.70E-04 mg/kg



Lower Water Column Dissolved organic carbon 1.55E-03 mg/kg
Temperature (oC) 19.5 Inside Vessel
Water depth (m) 50 Freely dissolved in water 1.80E-06 mg/L
Total suspended solids (mg/L) 10 Suspended solids 4.44E-02 mg/kg
Dissolved organic carbon (mg/L) 0.6 Dissolved organic carbon 4.06E-01 mg/kg
Dissolved oxygen (mg/L) 4.59 Sediment Bed



Inside Vessel Freely dissolved in pore water 6.90E-09 mg/L
Temperature (oC) 19.5 Bedded sediment 1.13E-05 mg/kg
Total suspended solids (mg/L) 10 Dissolved organic carbon in pore water 1.55E-03 mg/kg
Dissolved organic carbon (mg/L) 0.6 Total PCB concentrations in biota
Dissolved oxygen (mg/L) 4.59 Pelagic Community Upper WC Lower WC



Sediment Bed Phytoplankton (TL-I) 1.86E-09 mg/kg 100% 0%
Sediment density (g/cm3) 1.5 Zooplankton (TL-II) 1.21E-04 mg/kg 50% 50%
Active sediment depth (m) 0.1 Planktivore (TL-III) 5.88E-04 mg/kg 80% 20%
Sediment fraction organic carbon 0.01 Piscivore (TL-IV) 9.13E-04 mg/kg 80% 20%



All Regions Reef / Vessel Community Lower WC Vessel Int.
Suspended solids density (g/cm3) 1.5 Attached Algae (TL-I) 1.14E-05 mg/kg 100% 0%
Suspended solids fraction organic carbon 0.15 Sessile filter feeder (TL-II) 2.49E-04 mg/kg 100% 0%
Dissolved organic carbon density (g/cm3) 1 Invertebrate Omnivore (TL-II) 1.72E-02 mg/kg 80% 20%
Water current - to out of the ZOI (m/h) 926 Invertebrate Forager (TL-III) 3.67E-02 mg/kg 70% 30%
Water current - inside to outside the vessel (m/h) 9.26 Vertebrate Forager (TL-III) 6.66E-02 mg/kg 70% 30%



Predator (TL-IV) 1.15E-01 mg/kg 80% 20%
Benthic Community Lower WC Pore Water



Infaunal invert. (TL-II) 8.62E-05 mg/kg 20% 80%
Epifaunal invert. (TL-II) 2.37E-04 mg/kg 50% 50%
Forager (TL-III) 5.42E-04 mg/kg 75% 25%
Predator (TL-IV) 1.86E-03 mg/kg 90% 10%



Percent Exposures



Spatial Footprint on Ocean Floor



RISK ESTIMATES FOR Ex-Oriskany CV34



Volumes



Cancer Risk Adult & Child Hazard Adult & Child Cancer Risk Child Hazard Child



0.356
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Scenario Run on ZOI = 1



PCB Homolog Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Molecular Weight (g/mol) 1.89E+02 2.23E+02 2.58E+02 2.92E+02 3.26E+02 3.61E+02 3.95E+02 4.30E+02 4.64E+02 4.99E+02
Solubility (mg/L) 2.91E+00 6.78E-01 8.14E-02 6.67E-02 2.61E-02 9.50E-04 2.30E-04 2.11E-08 4.02E-09 1.69E-10
Solubility (mol/m3) 1.54E-02 3.04E-03 3.16E-04 2.28E-04 8.00E-05 2.63E-06 5.82E-07 4.91E-11 8.65E-12 3.38E-13
Vapor Pressure (Pa) 6.32E-01 1.41E-01 5.11E-02 2.08E-02 2.96E-03 3.43E-03 2.56E-04 8.65E-05 2.77E-05 1.41E-05
Henry's (Pa-m3/mol) 4.10E+01 4.65E+01 1.62E+02 9.10E+01 3.70E+01 1.30E+03 4.40E+02 1.76E+06 3.20E+06 4.18E+07
log10Kow = 4.47 5.24 5.52 5.92 6.50 6.98 7.19 7.70 8.35 9.60
log10Koc = 3.66 4.06 4.63 4.65 4.94 6.08 6.34 6.46 6.97 7.94
log10Kdoc = 3.34 4.11 4.39 4.79 5.51 5.85 6.06 6.57 7.22 8.47
Chemical emission rate (g/day) 1.37E-05 1.12E-01 9.95E-03 1.69E-01 3.20E-01 7.57E-02 7.37E-02 0.00E+00 8.28E-04 4.62E-04
Chemical emission rate (mol/hr) 3.03E-09 2.09E-05 1.61E-06 2.42E-05 4.08E-05 8.74E-06 7.77E-06 0.00E+00 7.43E-08 3.86E-08
Biodegradation in sediment (1/hr) 0 0 0 0 0 0 0 0 0 0
Biodegradation in water (1/hr) 0 0 0 0 0 0 0 0 0 0



Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint



Fraction PCB in Material (wt/wt) 0.0000314 0.000103 0.76% 0.0000529 0.00185 0.000537 0.00002
Material Mass Onboard (kg) 1459 0 0 5397 296419 14379 386528
Total PCBs (kg) 0.0458126 0 0 0.2855013 548.37515 7.721523 7.73056
Total PCB Release rate (ng/g-PCB per day) 1.58E+03 2.20E+03 2.62E+00 1.58E+03 2.79E+02 6.76E+04 1.11E+04



Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint



Monochlorobiphenyl 4.14E+01 3.47E+01 0.00E+00 4.14E+01 0.00E+00 0.00E+00 0.00E+00
Dichlorobiphenyl 1.27E+03 1.72E+02 3.08E-02 1.27E+03 2.03E+02 5.36E+00 0.00E+00
Trichlorobiphenyl 5.66E+01 8.97E+01 7.63E-02 5.66E+01 1.14E+00 9.44E+02 2.61E+02
Tetrachlorobiphenyl 1.44E+02 1.08E+03 1.29E+00 1.44E+02 1.57E+01 2.07E+04 1.23E+02
Pentachlorobiphenyl 6.31E+01 6.60E+02 3.90E-02 6.31E+01 1.80E+01 3.79E+04 2.24E+03
Hexachlorobiphenyl 0.00E+00 9.42E+01 5.34E-01 0.00E+00 2.41E+01 6.76E+03 1.33E+03
Heptachlorobiphenyl 5.04E+00 7.17E+01 6.46E-01 5.04E+00 1.47E+01 1.30E+03 7.19E+03
Octachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonachlorobiphenyl 0.00E+00 0.00E+00 1.72E-03 0.00E+00 1.51E+00 0.00E+00 0.00E+00
Decachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.43E-01 0.00E+00 0.00E+00
Total 1.58E+03 2.20E+03 2.62E+00 1.58E+03 2.79E+02 6.76E+04 1.11E+04



Release Rates in nanograms PCB per Day Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint Total



Monochlorobiphenyl 1.90E+03 0.00E+00 0.00E+00 1.18E+04 0.00E+00 0.00E+00 0.00E+00 1.37E+04
Dichlorobiphenyl 5.80E+04 0.00E+00 0.00E+00 3.62E+05 1.11E+08 4.14E+04 0.00E+00 1.12E+08
Trichlorobiphenyl 2.59E+03 0.00E+00 0.00E+00 1.62E+04 6.25E+05 7.29E+06 2.02E+06 9.95E+06
Tetrachlorobiphenyl 6.60E+03 0.00E+00 0.00E+00 4.11E+04 8.61E+06 1.60E+08 9.51E+05 1.69E+08
Pentachlorobiphenyl 2.89E+03 0.00E+00 0.00E+00 1.80E+04 9.87E+06 2.93E+08 1.73E+07 3.20E+08
Hexachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.32E+07 5.22E+07 1.03E+07 7.57E+07
Heptachlorobiphenyl 2.31E+02 0.00E+00 0.00E+00 1.44E+03 8.06E+06 1.01E+07 5.56E+07 7.37E+07
Octachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.28E+05 0.00E+00 0.00E+00 8.28E+05
Decachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.62E+05 0.00E+00 0.00E+00 4.62E+05
Total 7.23E+04 0.00E+00 0.00E+00 4.50E+05 1.53E+08 5.22E+08 8.62E+07 7.62E+08



Air Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 2.53E-20 1.56E-16 1.02E-17 1.37E-16 1.50E-16 5.28E-18 1.89E-18 0.00E+00 6.69E-22 2.15E-24
Air concentration (g/m3) 1.95E-21 1.42E-17 1.07E-18 1.63E-17 2.00E-17 7.77E-19 3.04E-19 0.00E+00 1.26E-22 4.37E-25



Upper Water Column Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 7.42E-18 5.61E-14 1.36E-14 1.10E-13 5.24E-14 6.67E-14 8.42E-15 0.00E+00 2.34E-14 1.02E-15
Water concentration (mg/L) 3.41E-17 2.69E-13 2.17E-14 3.51E-13 4.62E-13 1.85E-14 7.56E-15 0.00E+00 3.41E-18 1.22E-20
Suspended solids concentration (mg/kg) 2.36E-14 4.61E-10 1.37E-10 2.38E-09 5.96E-09 3.33E-09 2.48E-09 0.00E+00 4.72E-12 1.60E-13
Dissolved organic carbon  (mg/kg) 7.53E-14 3.43E-09 5.32E-10 2.17E-08 1.50E-07 1.29E-08 8.66E-09 0.00E+00 5.65E-11 3.62E-12



Lower Water Column Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 3.70E-14 2.84E-10 7.24E-11 5.98E-10 3.43E-10 1.06E-09 2.07E-10 0.00E+00 2.87E-09 1.56E-09
Water concentration (mg/L) 1.70E-13 1.36E-09 1.15E-10 1.92E-09 3.02E-09 2.94E-10 1.85E-10 0.00E+00 4.17E-13 1.87E-14
Suspended solids concentration (mg/kg) 1.18E-10 2.34E-06 7.30E-07 1.30E-05 3.90E-05 5.30E-05 6.09E-05 0.00E+00 5.78E-07 2.44E-07
Dissolved organic carbon  (mg/kg) 3.75E-10 1.74E-05 2.83E-06 1.19E-04 9.85E-04 2.06E-04 2.13E-04 0.00E+00 6.93E-06 5.53E-06



Inside the Vessel Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 9.67E-12 7.43E-08 1.89E-08 1.56E-07 8.96E-08 2.77E-07 5.40E-08 0.00E+00 7.51E-07 4.09E-07
Water concentration (mg/L) 4.45E-11 3.57E-07 3.02E-08 5.02E-07 7.90E-07 7.68E-08 4.85E-08 0.00E+00 1.09E-10 4.88E-12
Suspended solids concentration (mg/kg) 3.07E-08 6.11E-04 1.91E-04 3.39E-03 1.02E-02 1.39E-02 1.59E-02 0.00E+00 1.51E-04 6.38E-05
Dissolved organic carbon  (mg/kg) 9.80E-08 4.54E-03 7.41E-04 3.10E-02 2.57E-01 5.38E-02 5.56E-02 0.00E+00 1.81E-03 1.45E-03



Sediment Bed Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 3.70E-14 2.84E-10 7.24E-11 5.98E-10 3.43E-10 1.06E-09 2.07E-10 0.00E+00 2.87E-09 1.56E-09
Pore Water concentration (mg/L) 1.70E-13 1.36E-09 1.15E-10 1.92E-09 3.02E-09 2.94E-10 1.85E-10 0.00E+00 4.17E-13 1.87E-14
Sediment concentration  (mg/kg) 7.84E-12 1.56E-07 4.87E-08 8.65E-07 2.60E-06 3.53E-06 4.06E-06 0.00E+00 3.85E-08 1.63E-08



Bioenergetic Inputs



Species Body Weight Lipid Moisture Caloric 
Density GE to ME Met Energy Caloric 



Density Production Respiration Excretion Caloric 
Density Met Energy



(kg) (%-dw) (%) (kcal/g-dry 
weight) Fraction  (kcal/kg-lipid)  (kcal/kg-lipid)  (% of total)  (% of total)  (% of total) (kcal/g-wt 



weight)
 (kcal/g-wt 



weight)
Pelagic Community
Phytoplankton (TL-I) Algae 10% 84% 2.36 0.6 13748 22913 0.3776 0.22656
Zooplankton (TL-II) copepods 0.000005 22% 76% 3.6 0.65 10636 16364 18% 24% 58% 0.864 0.5616
Planktivore (TL-III) herring 0.05 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Piscivore (TL-IV) jack 0.5 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Reef / Vessel Community
Attached Algae (TL-I) Algae 10% 84% 2.36 0.6 13748 22913 0.3776 0.22656
Sessile filter feeder (TL-II) bivalves (w/o shell) 0.05 5% 82% 4.6 0.65 59800 92000 28% 31% 41% 0.828 0.5382
Invertebrate Omnivore (TL-II) urchin 0.05 29% 82% 4.6 0.65 10310 15862 7% 25% 68% 0.828 0.5382
Invertebrate Forager (TL-III) crab 1 9% 74% 2.7 0.65 19118 29412 28% 59% 13% 0.702 0.4563
Vertebrate Forager (TL-III) triggerfish 1 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Predator (TL-IV) grouper 1.5 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 0.2 0.14
Benthic Community
Infaunal invert. (TL-II) polychaete 0.01 6% 84% 4.6 0.65 50000 76923 71% 26% 3% 0.736 0.4784
Epifaunal invert. (TL-II) nematode 0.01 6% 82% 4.6 0.65 50000 76923 31% 19% 50% 0.828 0.5382
Forager (TL-III) lobster 2 9% 74% 2.7 0.65 19118 29412 28% 59% 13% 0.702 0.4563
Predator (TL-IV) flounder 3 22% 75% 4.9 0.7 15591 22273 20% 60% 20% 1.225 0.8575



Bioenergetic Inputs Resp. Rate Resp. Rate Consumption Growth Rate Consumption Consumption
1 gO2 kcal 1 g-wt weight kcal As a % of



Pelagic Community day kg-lipid-day kg-lipid-day day g-wt weight-d-wet weight-da body weight
Phytoplankton (TL1) Algae
Zooplankton (TL-II) copepods 0.006375522 0 0.039935335 0.015425453 84.24400867 1286.168071 0.014147849 0.32636028 0.06790967 32.6%
Planktivore (TL-III) herring 0.0033 -0.227 0.0548 0.004949927 21.1649 129.2512977 0.001482433 0.01616792 0.0090799 1.6%
Piscivore (TL-IV) jack 0.001118602 -0.55 0.12 0.000630951 2.697821256 16.47524431 0.000188961 0.00139796 0.00115739 0.1%
Reef / Vessel Community
Attached Algae Algae
Sessile filter feeder (TL-II) bivalves (w/o shell) 0.012 0 0.036 0.024213411 581.8482643 6877.300342 0.020930914 0.24377539 0.0618957 24.4%
Invertibrate Omnivore (TL-II) urchin 0.000675466 0 0.079181846 0.003163548 13.1069075 192.1012396 0.000847751 0.03471132 0.01002768 3.5%
Invertibrate Forager (TL-III) crab 0.001158234 0 0.071193202 0.004642088 60.75673491 377.3221989 0.003592107 0.01678102 0.00900593 1.7%
Vertibrate Forager (TL-III) triggerfish 0.015181024 -0.415 0.061 0.002837229 12.13142452 74.08503521 0.00084971 0.00907693 0.00520447 0.9%
Predator (TL-IV) grouper 0.00279 -0.355 0.0811 0.001011362 4.324384181 26.40845301 0.000302889 0.00264734 0.00185519 0.3%
Benthic Community
Infaunal invert. (TL-II) polychaete 0.001682129 0 0.071034762 0.006721006 135.0382801 1903.064429 0.017565285 0.09800757 0.01820852 9.8%
Epifaunal invert. (TL-II) nematode 0.001682129 0 0.071034762 0.006721006 135.0382801 2604.19343 0.0104949 0.09262416 0.02803154 9.3%
Forager (TL-III) lobster 0.0035 -0.13 0.066 0.00471923 61.76639253 383.5925529 0.003651801 0.01899736 0.00915559 1.9%
Predator (TL-IV) flounder 0.0046 -0.24 0.067 0.002486878 13.58174479 82.94195291 0.000744785 0.00974341 0.00456181 1.0%
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Supplemental Information



Dietary Preferences



Suspended Solids
(Epilimnion)



Suspended 
Solids



(Hypolimnion)
Sediment Phytoplankton Zooplankton Pelagic 



Plankitivore
Attached 



Algae
Reef Sessile 
Filter Feeder



Invertebrate 
Omnivore



Reef
Invertebrate



Forager



Reef
Vertebrate



Forager



Infaunal 
Benthos



Epifaunal 
Benthos



Benthic 
Forager



Pelagic Community
Phytoplankton (TL1)
Zooplankton (TL-II) 15% 15% 70%
Planktivore (TL-III) 100%
Piscivore (TL-IV) 10% 90%
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) 10% 80% 10%
Invertebrate Omnivore (TL-II) 80% 20%
Invertebrate Forager (TL-III) 5% 5% 5% 35% 50%
Vertebrate Forager (TL-III) 19% 19% 15% 22% 12.5% 12.5%
Predator (TL-IV) 15% 60% 8% 8% 8%
Benthic Community
Infaunal invert. (TL-II) 50% 30% 20%
Epifaunal invert. (TL-II) 25% 30% 20% 25%
Forager (TL-III) 5% 50% 45%
Predator (TL-IV) 2% 20% 20% 58%



Water Exposures



Upper Water 
Column



Lower Water
Column Vessel Interior Sediment Pore



Water
GE ME ME as kcal/g-ww



Pelagic Community Sediment (kcal/kg-oc) 11456 6873.6 0.6 0.01099776
Phytoplankton (TL1) Algae 100% Suspended Sediment (kcal/kg-oc) 11456 6873.6 0.6 0.1649664
Zooplankton (TL-II) copepods 50% 50%
Planktivore (TL-III) herring 80% 20%
Piscivore (TL-IV) jack 80% 20%
Reef / Vessel Community
Attached Algae Algae 100%
Sessile filter feeder (TL-II) bivalves (w/o shell) 100%
Invertebrate Omnivore (TL-II) urchin 80% 20%
Invertebrate Forager (TL-III) crab 70% 30%
Vertebrate Forager (TL-III) triggerfish 70% 30%
Predator (TL-IV) grouper 80% 20%
Benthic Community
Infaunal invert. (TL-II) polychaete 20% 80%
Epifaunal invert. (TL-II) nematode 50% 50%
Forager (TL-III) lobster 75% 25%
Predator (TL-IV) flounder 90% 10%



Respiratory Efficiencies Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Low body weight (<100g) 4.335E-01 8.000E-01 8.000E-01 8.000E-01 4.492E-01 2.582E-01 2.018E-01 1.127E-01 5.303E-02 1.255E-02
High body weight (>100g) 5.000E-01 5.000E-01 5.000E-01 5.000E-01 3.769E-01 2.857E-01 2.526E-01 1.888E-01 1.295E-01 6.299E-02
Dietary Assimilation Efficiencies 27% 46% 53% 62% 69% 69% 68% 59% 44% 16%



Tissue Conc. (mg/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 1.017E-12 2.694E-08 2.167E-09 3.514E-08 4.615E-08 1.845E-09 7.559E-10 0.000E+00 3.406E-13 1.219E-15
Zooplankton (TL-II) 1.146E-08 4.254E-04 4.292E-05 8.101E-04 8.034E-04 1.150E-04 1.023E-04 0.000E+00 5.128E-07 7.581E-08
Planktivore (TL-III) 2.589E-09 3.603E-04 6.569E-05 2.403E-03 4.282E-03 6.738E-04 5.846E-04 0.000E+00 1.934E-06 1.018E-07
Piscivore (TL-IV) 6.768E-10 6.350E-05 1.744E-05 1.403E-03 7.505E-03 2.021E-03 1.976E-03 0.000E+00 5.773E-06 1.259E-07
Reef / Vessel Community
Attached Algae 5.066E-09 1.364E-04 1.154E-05 1.918E-04 3.020E-04 2.938E-05 1.855E-05 0.000E+00 4.173E-08 1.866E-09
Sessile filter feeder (TL-II) 1.631E-07 5.502E-03 5.434E-04 1.022E-02 9.893E-03 8.762E-04 6.344E-04 0.000E+00 2.031E-06 2.204E-07
Invertebrate Omnivore (TL-II) 2.918E-07 2.276E-02 3.368E-03 1.086E-01 1.760E-01 1.254E-02 6.618E-03 0.000E+00 4.840E-06 7.177E-08
Invertebrate Forager (TL-III) 2.200E-06 9.016E-02 1.346E-02 4.556E-01 8.720E-01 6.930E-02 3.861E-02 0.000E+00 4.273E-05 2.740E-06
Vertebrate Forager (TL-III) 2.023E-07 1.430E-02 3.082E-03 1.811E-01 6.449E-01 6.567E-02 3.856E-02 0.000E+00 4.352E-05 1.408E-06
Predator (TL-IV) 1.122E-07 7.313E-03 1.732E-03 1.518E-01 1.174E+00 1.808E-01 1.165E-01 0.000E+00 1.254E-04 2.713E-06
Benthic Community
Infaunal invert. (TL-II) 4.132E-08 1.623E-03 1.687E-04 3.337E-03 3.350E-03 3.066E-04 2.241E-04 0.000E+00 6.254E-07 4.457E-08
Epifaunal invert. (TL-II) 5.125E-08 3.018E-03 3.600E-04 8.148E-03 8.978E-03 8.606E-04 6.353E-04 0.000E+00 1.596E-06 8.752E-08
Forager (TL-III) 2.992E-08 1.653E-03 2.527E-04 7.636E-03 1.138E-02 1.064E-03 7.249E-04 0.000E+00 1.156E-06 2.651E-08
Predator (TL-IV) 2.649E-09 4.406E-04 1.161E-04 7.193E-03 2.167E-02 2.608E-03 1.841E-03 0.000E+00 2.367E-06 3.480E-08



Tissue Conc. (mg/kg-WW) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca Total PCB
Pelagic Community
Phytoplankton (TL1) 1.676E-14 4.439E-10 3.571E-11 5.792E-10 7.606E-10 3.041E-11 1.246E-11 0.000E+00 5.612E-15 2.010E-17 1.862E-09
Zooplankton (TL-II) 6.050E-10 2.246E-05 2.266E-06 4.277E-05 4.242E-05 6.070E-06 5.400E-06 0.000E+00 2.708E-08 4.003E-09 1.214E-04
Planktivore (TL-III) 1.819E-10 2.531E-05 4.615E-06 1.688E-04 3.008E-04 4.733E-05 4.107E-05 0.000E+00 1.359E-07 7.152E-09 5.880E-04
Piscivore (TL-IV) 4.755E-11 4.461E-06 1.225E-06 9.859E-05 5.272E-04 1.420E-04 1.388E-04 0.000E+00 4.055E-07 8.845E-09 9.127E-04
Reef / Vessel Community
Attached Algae 8.350E-11 2.248E-06 1.902E-07 3.161E-06 4.977E-06 4.841E-07 3.057E-07 0.000E+00 6.876E-10 3.074E-11 1.137E-05
Sessile filter feeder (TL-II) 1.468E-09 4.952E-05 4.891E-06 9.197E-05 8.903E-05 7.886E-06 5.710E-06 0.000E+00 1.828E-08 1.983E-09 2.490E-04
Invertebrate Omnivore (TL-II) 1.523E-08 1.188E-03 1.758E-04 5.668E-03 9.186E-03 6.545E-04 3.455E-04 0.000E+00 2.527E-07 3.746E-09 1.722E-02
Invertebrate Forager (TL-III) 5.250E-08 2.152E-03 3.213E-04 1.087E-02 2.081E-02 1.654E-03 9.215E-04 0.000E+00 1.020E-06 6.540E-08 3.674E-02
Vertebrate Forager (TL-III) 1.421E-08 1.004E-03 2.165E-04 1.272E-02 4.530E-02 4.613E-03 2.709E-03 0.000E+00 3.057E-06 9.893E-08 6.657E-02
Predator (TL-IV) 7.885E-09 5.138E-04 1.217E-04 1.066E-02 8.247E-02 1.270E-02 8.181E-03 0.000E+00 8.810E-06 1.906E-07 1.147E-01
Benthic Community
Infaunal invert. (TL-II) 3.954E-10 1.553E-05 1.614E-06 3.193E-05 3.205E-05 2.934E-06 2.144E-06 0.000E+00 5.984E-09 4.264E-10 8.621E-05
Epifaunal invert. (TL-II) 5.517E-10 3.249E-05 3.875E-06 8.770E-05 9.664E-05 9.264E-06 6.838E-06 0.000E+00 1.718E-08 9.420E-10 2.368E-04
Forager (TL-III) 7.142E-10 3.944E-05 6.031E-06 1.823E-04 2.716E-04 2.539E-05 1.730E-05 0.000E+00 2.758E-08 6.328E-10 5.421E-04
Predator (TL-IV) 1.457E-10 2.423E-05 6.388E-06 3.956E-04 1.192E-03 1.434E-04 1.013E-04 0.000E+00 1.302E-07 1.914E-09 1.863E-03



BAFs (L/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Zooplankton (TL-II) 1.347E+05 6.237E+05 7.436E+05 8.445E+05 5.319E+05 7.826E+05 1.103E+06 0.000E+00 2.458E+06 8.127E+06
Planktivore (TL-III) 7.604E+04 1.320E+06 2.844E+06 6.259E+06 7.084E+06 1.147E+07 1.576E+07 0.000E+00 2.317E+07 2.729E+07
Piscivore (TL-IV) 1.988E+04 2.326E+05 7.549E+05 3.656E+06 1.242E+07 3.439E+07 5.326E+07 0.000E+00 6.917E+07 3.375E+07
Reef / Vessel Community
Attached Algae 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Sessile filter feeder (TL-II) 9.590E+05 4.034E+06 4.709E+06 5.328E+06 3.275E+06 2.983E+06 3.420E+06 0.000E+00 4.867E+06 1.181E+07
Invertebrate Omnivore (TL-II) 3.231E+04 3.143E+05 5.495E+05 1.066E+06 1.097E+06 8.039E+05 6.721E+05 0.000E+00 2.185E+05 7.246E+04
Invertebrate Forager (TL-III) 1.634E+05 8.353E+05 1.474E+06 3.001E+06 3.648E+06 2.981E+06 2.630E+06 0.000E+00 1.294E+06 1.856E+06
Vertebrate Forager (TL-III) 1.502E+04 1.324E+05 3.373E+05 1.193E+06 2.698E+06 2.825E+06 2.627E+06 0.000E+00 1.318E+06 9.538E+05
Predator (TL-IV) 1.243E+04 1.010E+05 2.827E+05 1.490E+06 7.321E+06 1.159E+07 1.183E+07 0.000E+00 5.661E+06 2.739E+06
Benthic Community
Infaunal invert. (TL-II) 2.429E+05 1.190E+06 1.462E+06 1.740E+06 1.109E+06 1.044E+06 1.208E+06 0.000E+00 1.499E+06 2.389E+06
Epifaunal invert. (TL-II) 3.013E+05 2.213E+06 3.119E+06 4.248E+06 2.973E+06 2.930E+06 3.425E+06 0.000E+00 3.825E+06 4.691E+06
Forager (TL-III) 1.759E+05 1.212E+06 2.189E+06 3.981E+06 3.768E+06 3.622E+06 3.908E+06 0.000E+00 2.770E+06 1.421E+06
Predator (TL-IV) 1.557E+04 3.231E+05 1.006E+06 3.750E+06 7.176E+06 8.877E+06 9.928E+06 0.000E+00 5.673E+06 1.865E+06



Notes:
Kow = octanol to water partitioning coefficient, Koc = organic carbon partitioning coefficient, Kdoc = dissolved organic carbon partitioning coefficient
TL = trophic level, ww = wet weight
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ZOI = 2
RISK ESTIMATES RME CTE RME CTE RME CTE RME CTE
Benthic fish (flounder) 7.29E-08 5.64E-09 4.25E-03 9.75E-04 2.14E-08 4.34E-09 6.24E-03 1.12E-03
Benthic shellfish (lobster) 2.12E-08 1.64E-09 1.24E-03 2.84E-04 6.22E-09 1.26E-09 1.81E-03 3.27E-04
Pelagic fish (jack) 3.57E-08 2.77E-09 2.08E-03 4.78E-04 1.05E-08 2.13E-09 3.06E-03 5.51E-04
Reef fish TL-IV (grouper) 6.94E-06 5.37E-07 4.05E-01 9.29E-02 2.04E-06 4.13E-07 5.94E-01 1.07E-01
Reef fish TL-III (triggerfish) 4.03E-06 3.12E-07 2.35E-01 5.39E-02 1.18E-06 2.40E-07 3.45E-01 6.22E-02
Reef shellfish (crab) 2.23E-06 1.73E-07 1.30E-01 2.98E-02 6.54E-07 1.33E-07 1.91E-01 3.44E-02
PREDICTED EXPOSURE CONCENTRATIONS (mg/kg in fresh weight)
Benthic fish (flounder) 1.18E-03
Benthic shellfish (lobster) 3.45E-04
Pelagic fish (jack) 5.80E-04
Reef fish TL-IV (grouper) 1.13E-01
Reef fish TL-III (triggerfish) 6.55E-02
Reef shellfish (crab) 3.62E-02



RISK INPUTS - Adult RME CTE RISK INPUTS - Child RME CTE
Body Weight (BWc) (kg) 70 70 Body Weight (BWc) (kg) 15 15
Ingestion Rate (IRc) (kg/day) 0.0261 0.0072 Ingestion Rate (IRc) (kg/day) 0.0092916 0.0025632
Exposure Duration (EDc) (years) 24 3 Exposure Duration (EDc) (years) 6 6
Exposure Frequency (EFc) (days) 365 365 Exposure Frequency (EFc) (days) 365 365
Averaging Time for cancer (ATc) 25550 25550 Averaging Time for cancer (ATc) 25550 25550
Slope Factor (mg/kg-day) 2 1 Slope Factor (mg/kg-day) 2 1
Reference dose for PCBs (RfD) (mg/kg-day) 0.00002 0.000045 Reference dose for PCBs (RfD) (mg/kg-day) 0.00002 0.000045
Averaging Time for noncancer (ATnc-child) 8.76E+03 1.10E+03 Averaging Time for noncancer (ATnc-child) 2.19E+03 2.19E+03
Fractional Ingestion factor (FI) 0.17 0.25 Fractional Ingestion factor (FI) 0.17 0.25



Child - Adult IR scaling factor



Zone of Influence Multiplier 2
Scenario run on



PCB-LADEN MATERIAL INPUTS Fraction Release kg Material PCB Release Ex-Oriskany CV34
PCB Rate (ng/g-d) Onboard (ng/day) Ex-Oriskany CV34 27100



Ventilation Gaskets 3.14E-05 1.58E+03 1.46E+03 7.23E+04 Length (ft) 888
Lubricants 1.03E-04 2.20E+03 0.00E+00 0.00E+00 Beam (ft) 120
Foam Rubber Material 0.76% 2.62E+00 0.00E+00 0.00E+00
Black Rubber Material 5.29E-05 1.58E+03 5.40E+03 4.50E+05
Electrical Cable 1.85E-03 2.79E+02 2.96E+05 1.53E+08
Bulkhead Insulation Material 5.37E-04 6.76E+04 1.44E+04 5.22E+08
Aluminum Paint 2.00E-05 1.11E+04 3.87E+05 8.62E+07
Total 7.62E+08



ZOI = 2



1.56E+04 m2
6.00E-03 mile2



A 1.00E+01 m
B 1.50E+01 m
C 5.00E+01 m
D 1.00E-01 m
E 3.00E+02 m
F 6.60E+01 m



Air Column
Air 1.56E+05 m3



Upper Water Column
Water 2.33E+05 m3
TSS 1.56E+00 m3



Lower Water Column
Water 7.24E+05 m3
TSS 4.82E+00 m3



Inside Vessel
Water 5.38E+04 m3
TSS 3.59E-01 m3



Sediment Bed
Sediment 7.78E+02 m3



Abiotic Inputs Total PCB concentrations
Air Column Air Column



Active air space height above water column (m) 10 Air 6.68E-17 g/m3
Air current (m/h) 13677 Upper Water Column



Upper Water Column Freely dissolved in water 1.02E-12 mg/L
Temperature (oC) 24.5 Suspended solids 1.33E-08 mg/kg
Water depth (m) 15 Dissolved organic carbon 1.78E-07 mg/kg
Total suspended solids (mg/L) 10 Lower Water Column
Dissolved organic carbon (mg/L) 0.6 Freely dissolved in water 4.39E-09 mg/L
Dissolved oxygen (mg/L) 6.12 Suspended solids 1.08E-04 mg/kg



Lower Water Column Dissolved organic carbon 9.88E-04 mg/kg
Temperature (oC) 19.5 Inside Vessel
Water depth (m) 50 Freely dissolved in water 1.80E-06 mg/L
Total suspended solids (mg/L) 10 Suspended solids 4.44E-02 mg/kg
Dissolved organic carbon (mg/L) 0.6 Dissolved organic carbon 4.06E-01 mg/kg
Dissolved oxygen (mg/L) 4.59 Sediment Bed



Inside Vessel Freely dissolved in pore water 4.39E-09 mg/L
Temperature (oC) 19.5 Bedded sediment 7.19E-06 mg/kg
Total suspended solids (mg/L) 10 Dissolved organic carbon in pore water 9.88E-04 mg/kg
Dissolved organic carbon (mg/L) 0.6 Total PCB concentrations in biota
Dissolved oxygen (mg/L) 4.59 Pelagic Community Upper WC Lower WC



Sediment Bed Phytoplankton (TL-I) 1.67E-09 mg/kg 100% 0%
Sediment density (g/cm3) 1.5 Zooplankton (TL-II) 7.72E-05 mg/kg 50% 50%
Active sediment depth (m) 0.1 Planktivore (TL-III) 3.74E-04 mg/kg 80% 20%
Sediment fraction organic carbon 0.01 Piscivore (TL-IV) 5.80E-04 mg/kg 80% 20%



All Regions Reef / Vessel Community Lower WC Vessel Int.
Suspended solids density (g/cm3) 1.5 Attached Algae (TL-I) 7.23E-06 mg/kg 100% 0%
Suspended solids fraction organic carbon 0.15 Sessile filter feeder (TL-II) 1.58E-04 mg/kg 100% 0%
Dissolved organic carbon density (g/cm3) 1 Invertebrate Omnivore (TL-II) 1.69E-02 mg/kg 80% 20%
Water current - to out of the ZOI (m/h) 926 Invertebrate Forager (TL-III) 3.62E-02 mg/kg 70% 30%
Water current - inside to outside the vessel (m/h) 9.26 Vertebrate Forager (TL-III) 6.55E-02 mg/kg 70% 30%



Predator (TL-IV) 1.13E-01 mg/kg 80% 20%
Benthic Community Lower WC Pore Water



Infaunal invert. (TL-II) 5.48E-05 mg/kg 20% 80%
Epifaunal invert. (TL-II) 1.51E-04 mg/kg 50% 50%
Forager (TL-III) 3.45E-04 mg/kg 75% 25%
Predator (TL-IV) 1.18E-03 mg/kg 90% 10%



Percent Exposures



Spatial Footprint on Ocean Floor



RISK ESTIMATES FOR Ex-Oriskany CV34



Volumes



Cancer Risk Adult & Child Hazard Adult & Child Cancer Risk Child Hazard Child



0.356



PCB MODELING RESULTS - PROSPECTIVE RISK EVALUATION 



Modeled Dimensions
Outside the Vessel



5/26/05 8:46



A



C



D



E E



E



V
E



S
S



E
L



B
Pycnocline



A



C



D



E E



E



V
E



S
S



E
L



B
Pycnocline



F_Xappdx_2b.xls B2.2_zoi2_Estimate
1/23/2006 11:00 PM



Based on NEHC PRAM Version 1.4
May 2005 Page 4 of 25











Scenario Run on ZOI=2



PCB Homolog Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Molecular Weight (g/mol) 1.89E+02 2.23E+02 2.58E+02 2.92E+02 3.26E+02 3.61E+02 3.95E+02 4.30E+02 4.64E+02 4.99E+02
Solubility (mg/L) 2.91E+00 6.78E-01 8.14E-02 6.67E-02 2.61E-02 9.50E-04 2.30E-04 2.11E-08 4.02E-09 1.69E-10
Solubility (mol/m3) 1.54E-02 3.04E-03 3.16E-04 2.28E-04 8.00E-05 2.63E-06 5.82E-07 4.91E-11 8.65E-12 3.38E-13
Vapor Pressure (Pa) 6.32E-01 1.41E-01 5.11E-02 2.08E-02 2.96E-03 3.43E-03 2.56E-04 8.65E-05 2.77E-05 1.41E-05
Henry's (Pa-m3/mol) 4.10E+01 4.65E+01 1.62E+02 9.10E+01 3.70E+01 1.30E+03 4.40E+02 1.76E+06 3.20E+06 4.18E+07
log10Kow = 4.47 5.24 5.52 5.92 6.50 6.98 7.19 7.70 8.35 9.60
log10Koc = 3.66 4.06 4.63 4.65 4.94 6.08 6.34 6.46 6.97 7.94
log10Kdoc = 3.34 4.11 4.39 4.79 5.51 5.85 6.06 6.57 7.22 8.47
Chemical emission rate (g/day) 1.37E-05 1.12E-01 9.95E-03 1.69E-01 3.20E-01 7.57E-02 7.37E-02 0.00E+00 8.28E-04 4.62E-04
Chemical emission rate (mol/hr) 3.03E-09 2.09E-05 1.61E-06 2.42E-05 4.08E-05 8.74E-06 7.77E-06 0.00E+00 7.43E-08 3.86E-08
Biodegradation in sediment (1/hr) 0 0 0 0 0 0 0 0 0 0
Biodegradation in water (1/hr) 0 0 0 0 0 0 0 0 0 0



Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint



Fraction PCB in Material (wt/wt) 0.0000314 0.000103 0.76% 0.0000529 0.00185 0.000537 0.00002
Material Mass Onboard (kg) 1459 0 0 5397 296419 14379 386528
Total PCBs (kg) 0.0458126 0 0 0.2855013 548.37515 7.721523 7.73056
Total PCB Release rate (ng/g-PCB per day) 1.58E+03 2.20E+03 2.62E+00 1.58E+03 2.79E+02 6.76E+04 1.11E+04



Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint



Monochlorobiphenyl 4.14E+01 3.47E+01 0.00E+00 4.14E+01 0.00E+00 0.00E+00 0.00E+00
Dichlorobiphenyl 1.27E+03 1.72E+02 3.08E-02 1.27E+03 2.03E+02 5.36E+00 0.00E+00
Trichlorobiphenyl 5.66E+01 8.97E+01 7.63E-02 5.66E+01 1.14E+00 9.44E+02 2.61E+02
Tetrachlorobiphenyl 1.44E+02 1.08E+03 1.29E+00 1.44E+02 1.57E+01 2.07E+04 1.23E+02
Pentachlorobiphenyl 6.31E+01 6.60E+02 3.90E-02 6.31E+01 1.80E+01 3.79E+04 2.24E+03
Hexachlorobiphenyl 0.00E+00 9.42E+01 5.34E-01 0.00E+00 2.41E+01 6.76E+03 1.33E+03
Heptachlorobiphenyl 5.04E+00 7.17E+01 6.46E-01 5.04E+00 1.47E+01 1.30E+03 7.19E+03
Octachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonachlorobiphenyl 0.00E+00 0.00E+00 1.72E-03 0.00E+00 1.51E+00 0.00E+00 0.00E+00
Decachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.43E-01 0.00E+00 0.00E+00
Total 1.58E+03 2.20E+03 2.62E+00 1.58E+03 2.79E+02 6.76E+04 1.11E+04



Release Rates in nanograms PCB per Day Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint Total



Monochlorobiphenyl 1.90E+03 0.00E+00 0.00E+00 1.18E+04 0.00E+00 0.00E+00 0.00E+00 1.37E+04
Dichlorobiphenyl 5.80E+04 0.00E+00 0.00E+00 3.62E+05 1.11E+08 4.14E+04 0.00E+00 1.12E+08
Trichlorobiphenyl 2.59E+03 0.00E+00 0.00E+00 1.62E+04 6.25E+05 7.29E+06 2.02E+06 9.95E+06
Tetrachlorobiphenyl 6.60E+03 0.00E+00 0.00E+00 4.11E+04 8.61E+06 1.60E+08 9.51E+05 1.69E+08
Pentachlorobiphenyl 2.89E+03 0.00E+00 0.00E+00 1.80E+04 9.87E+06 2.93E+08 1.73E+07 3.20E+08
Hexachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.32E+07 5.22E+07 1.03E+07 7.57E+07
Heptachlorobiphenyl 2.31E+02 0.00E+00 0.00E+00 1.44E+03 8.06E+06 1.01E+07 5.56E+07 7.37E+07
Octachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.28E+05 0.00E+00 0.00E+00 8.28E+05
Decachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.62E+05 0.00E+00 0.00E+00 4.62E+05
Total 7.23E+04 0.00E+00 0.00E+00 4.50E+05 1.53E+08 5.22E+08 8.62E+07 7.62E+08



Air Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 3.22E-20 1.98E-16 1.30E-17 1.74E-16 1.91E-16 6.72E-18 2.40E-18 0.00E+00 8.51E-22 2.74E-24
Air concentration (g/m3) 2.47E-21 1.80E-17 1.37E-18 2.07E-17 2.54E-17 9.88E-19 3.86E-19 0.00E+00 1.61E-22 5.56E-25



Upper Water Column Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 6.67E-18 5.04E-14 1.22E-14 9.85E-14 4.71E-14 5.99E-14 7.57E-15 0.00E+00 2.11E-14 9.20E-16
Water concentration (mg/L) 3.07E-17 2.42E-13 1.95E-14 3.16E-13 4.15E-13 1.66E-14 6.80E-15 0.00E+00 3.06E-18 1.10E-20
Suspended solids concentration (mg/kg) 2.12E-14 4.15E-10 1.23E-10 2.14E-09 5.36E-09 2.99E-09 2.23E-09 0.00E+00 4.24E-12 1.44E-13
Dissolved organic carbon  (mg/kg) 6.77E-14 3.09E-09 4.79E-10 1.95E-08 1.35E-07 1.16E-08 7.79E-09 0.00E+00 5.09E-11 3.25E-12



Lower Water Column Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 2.35E-14 1.81E-10 4.61E-11 3.80E-10 2.18E-10 6.75E-10 1.31E-10 0.00E+00 1.83E-09 9.95E-10
Water concentration (mg/L) 1.08E-13 8.67E-10 7.34E-11 1.22E-09 1.92E-09 1.87E-10 1.18E-10 0.00E+00 2.65E-13 1.19E-14
Suspended solids concentration (mg/kg) 7.47E-11 1.48E-06 4.64E-07 8.25E-06 2.48E-05 3.37E-05 3.87E-05 0.00E+00 3.68E-07 1.55E-07
Dissolved organic carbon  (mg/kg) 2.38E-10 1.11E-05 1.80E-06 7.54E-05 6.26E-04 1.31E-04 1.35E-04 0.00E+00 4.41E-06 3.52E-06



Inside the Vessel Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 9.67E-12 7.43E-08 1.89E-08 1.56E-07 8.96E-08 2.77E-07 5.40E-08 0.00E+00 7.51E-07 4.09E-07
Water concentration (mg/L) 4.45E-11 3.57E-07 3.02E-08 5.02E-07 7.90E-07 7.68E-08 4.85E-08 0.00E+00 1.09E-10 4.88E-12
Suspended solids concentration (mg/kg) 3.07E-08 6.11E-04 1.91E-04 3.39E-03 1.02E-02 1.39E-02 1.59E-02 0.00E+00 1.51E-04 6.38E-05
Dissolved organic carbon  (mg/kg) 9.80E-08 4.54E-03 7.41E-04 3.10E-02 2.57E-01 5.38E-02 5.56E-02 0.00E+00 1.81E-03 1.45E-03



Sediment Bed Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 2.35E-14 1.81E-10 4.61E-11 3.80E-10 2.18E-10 6.75E-10 1.31E-10 0.00E+00 1.83E-09 9.95E-10
Pore Water concentration (mg/L) 1.08E-13 8.67E-10 7.34E-11 1.22E-09 1.92E-09 1.87E-10 1.18E-10 0.00E+00 2.65E-13 1.19E-14
Sediment concentration  (mg/kg) 4.98E-12 9.90E-08 3.09E-08 5.50E-07 1.65E-06 2.25E-06 2.58E-06 0.00E+00 2.45E-08 1.03E-08



Bioenergetic Inputs



Species Body Weight Lipid Moisture Caloric 
Density GE to ME Met Energy Caloric 



Density Production Respiration Excretion Caloric 
Density Met Energy



(kg) (%-dw) (%) (kcal/g-dry 
weight) Fraction  (kcal/kg-lipid)  (kcal/kg-lipid)  (% of total)  (% of total)  (% of total) (kcal/g-wt 



weight)
 (kcal/g-wt 



weight)
Pelagic Community
Phytoplankton (TL-I) Algae 10% 84% 2.36 0.6 13748 22913 0.3776 0.22656
Zooplankton (TL-II) copepods 0.000005 22% 76% 3.6 0.65 10636 16364 18% 24% 58% 0.864 0.5616
Planktivore (TL-III) herring 0.05 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Piscivore (TL-IV) jack 0.5 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Reef / Vessel Community
Attached Algae (TL-I) Algae 10% 84% 2.36 0.6 13748 22913 0.3776 0.22656
Sessile filter feeder (TL-II) bivalves (w/o shell) 0.05 5% 82% 4.6 0.65 59800 92000 28% 31% 41% 0.828 0.5382
Invertebrate Omnivore (TL-II) urchin 0.05 29% 82% 4.6 0.65 10310 15862 7% 25% 68% 0.828 0.5382
Invertebrate Forager (TL-III) crab 1 9% 74% 2.7 0.65 19118 29412 28% 59% 13% 0.702 0.4563
Vertebrate Forager (TL-III) triggerfish 1 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Predator (TL-IV) grouper 1.5 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 0.2 0.14
Benthic Community
Infaunal invert. (TL-II) polychaete 0.01 6% 84% 4.6 0.65 50000 76923 71% 26% 3% 0.736 0.4784
Epifaunal invert. (TL-II) nematode 0.01 6% 82% 4.6 0.65 50000 76923 31% 19% 50% 0.828 0.5382
Forager (TL-III) lobster 2 9% 74% 2.7 0.65 19118 29412 28% 59% 13% 0.702 0.4563
Predator (TL-IV) flounder 3 22% 75% 4.9 0.7 15591 22273 20% 60% 20% 1.225 0.8575



Bioenergetic Inputs Resp. Rate Resp. Rate Consumption Growth Rate Consumption Consumption
1 gO2 kcal 1 g-wt weight kcal As a % of



Pelagic Community day kg-lipid-day kg-lipid-day day g-wt weight-d-wet weight-da body weight
Phytoplankton (TL1) Algae
Zooplankton (TL-II) copepods 0.006375522 0 0.039935335 0.015425453 84.24400867 1286.168071 0.014147849 0.32636028 0.06790967 32.6%
Planktivore (TL-III) herring 0.0033 -0.227 0.0548 0.004949927 21.1649 129.2512977 0.001482433 0.01616792 0.0090799 1.6%
Piscivore (TL-IV) jack 0.001118602 -0.55 0.12 0.000630951 2.697821256 16.47524431 0.000188961 0.00139796 0.00115739 0.1%
Reef / Vessel Community
Attached Algae Algae
Sessile filter feeder (TL-II) bivalves (w/o shell) 0.012 0 0.036 0.024213411 581.8482643 6877.300342 0.020930914 0.24377539 0.0618957 24.4%
Invertibrate Omnivore (TL-II) urchin 0.000675466 0 0.079181846 0.003163548 13.1069075 192.1012396 0.000847751 0.03471132 0.01002768 3.5%
Invertibrate Forager (TL-III) crab 0.001158234 0 0.071193202 0.004642088 60.75673491 377.3221989 0.003592107 0.01678102 0.00900593 1.7%
Vertibrate Forager (TL-III) triggerfish 0.015181024 -0.415 0.061 0.002837229 12.13142452 74.08503521 0.00084971 0.00907693 0.00520447 0.9%
Predator (TL-IV) grouper 0.00279 -0.355 0.0811 0.001011362 4.324384181 26.40845301 0.000302889 0.00264734 0.00185519 0.3%
Benthic Community
Infaunal invert. (TL-II) polychaete 0.001682129 0 0.071034762 0.006721006 135.0382801 1903.064429 0.017565285 0.09800757 0.01820852 9.8%
Epifaunal invert. (TL-II) nematode 0.001682129 0 0.071034762 0.006721006 135.0382801 2604.19343 0.0104949 0.09262416 0.02803154 9.3%
Forager (TL-III) lobster 0.0035 -0.13 0.066 0.00471923 61.76639253 383.5925529 0.003651801 0.01899736 0.00915559 1.9%
Predator (TL-IV) flounder 0.0046 -0.24 0.067 0.002486878 13.58174479 82.94195291 0.000744785 0.00974341 0.00456181 1.0%
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PCB MODELING RESULTS - PROSPECTIVE RISK EVALUATION 
RISK ESTIMATES FOR Ex-Oriskany CV34



Supplemental Information



TROPHIC LEVEL BASED ON DIET 1.125 1.25 1.5 1 2.05625 3.05625 1 2.130625 2.226125 3.17690625 2.964776563 2.46125 2.7015625 3.521328125
Dietary Preferences



Suspended Solids
(Epilimnion)



Suspended 
Solids



(Hypolimnion)
Sediment Phytoplankton Zooplankton Pelagic 



Plankitivore
Attached 



Algae
Reef Sessile 
Filter Feeder



Invertebrate 
Omnivore



Reef
Invertebrate



Forager



Reef
Vertebrate



Forager



Infaunal 
Benthos



Epifaunal 
Benthos



Benthic 
Forager



Pelagic Community
Phytoplankton (TL1)
Zooplankton (TL-II) 15% 15% 70%
Planktivore (TL-III) 100%
Piscivore (TL-IV) 10% 90%
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) 10% 80% 10%
Invertebrate Omnivore (TL-II) 80% 20%
Invertebrate Forager (TL-III) 5% 5% 5% 35% 50%
Vertebrate Forager (TL-III) 19% 19% 15% 22% 12.5% 12.5%
Predator (TL-IV) 15% 60% 8% 8% 8%
Benthic Community
Infaunal invert. (TL-II) 50% 30% 20%
Epifaunal invert. (TL-II) 25% 30% 20% 25%
Forager (TL-III) 5% 50% 45%
Predator (TL-IV) 2% 20% 20% 58%



Water Exposures



Upper Water 
Column



Lower Water
Column Vessel Interior Sediment Pore



Water
GE ME ME as kcal/g-ww



Pelagic Community Sediment (kcal/kg-oc) 11456 6873.6 0.6 0.01099776
Phytoplankton (TL1) Algae 100% Suspended Sediment (kcal/kg-oc) 11456 6873.6 0.6 0.1649664
Zooplankton (TL-II) copepods 50% 50%
Planktivore (TL-III) herring 80% 20%
Piscivore (TL-IV) jack 80% 20%
Reef / Vessel Community
Attached Algae Algae 100%
Sessile filter feeder (TL-II) bivalves (w/o shell) 100%
Invertebrate Omnivore (TL-II) urchin 80% 20%
Invertebrate Forager (TL-III) crab 70% 30%
Vertebrate Forager (TL-III) triggerfish 70% 30%
Predator (TL-IV) grouper 80% 20%
Benthic Community
Infaunal invert. (TL-II) polychaete 20% 80%
Epifaunal invert. (TL-II) nematode 50% 50%
Forager (TL-III) lobster 75% 25%
Predator (TL-IV) flounder 90% 10%



Respiratory Efficiencies Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Low body weight (<100g) 4.335E-01 8.000E-01 8.000E-01 8.000E-01 4.492E-01 2.582E-01 2.018E-01 1.127E-01 5.303E-02 1.255E-02
High body weight (>100g) 5.000E-01 5.000E-01 5.000E-01 5.000E-01 3.769E-01 2.857E-01 2.526E-01 1.888E-01 1.295E-01 6.299E-02
Dietary Assimilation Efficiencies 27% 46% 53% 62% 69% 69% 68% 59% 44% 16%



Tissue Conc. (mg/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 9.143E-13 2.422E-08 1.948E-09 3.159E-08 4.150E-08 1.659E-09 6.797E-10 0.000E+00 3.062E-13 1.097E-15
Zooplankton (TL-II) 7.287E-09 2.706E-04 2.729E-05 5.151E-04 5.109E-04 7.310E-05 6.504E-05 0.000E+00 3.261E-07 4.821E-08
Planktivore (TL-III) 1.647E-09 2.291E-04 4.178E-05 1.528E-03 2.723E-03 4.285E-04 3.717E-04 0.000E+00 1.230E-06 6.474E-08
Piscivore (TL-IV) 4.305E-10 4.039E-05 1.109E-05 8.926E-04 4.773E-03 1.285E-03 1.257E-03 0.000E+00 3.671E-06 8.006E-08
Reef / Vessel Community
Attached Algae 3.222E-09 8.672E-05 7.339E-06 1.220E-04 1.920E-04 1.868E-05 1.179E-05 0.000E+00 2.653E-08 1.186E-09
Sessile filter feeder (TL-II) 1.037E-07 3.499E-03 3.456E-04 6.498E-03 6.291E-03 5.571E-04 4.034E-04 0.000E+00 1.291E-06 1.401E-07
Invertebrate Omnivore (TL-II) 2.898E-07 2.252E-02 3.328E-03 1.071E-01 1.730E-01 1.224E-02 6.420E-03 0.000E+00 4.488E-06 6.064E-08
Invertebrate Forager (TL-III) 2.192E-06 8.951E-02 1.334E-02 4.503E-01 8.597E-01 6.798E-02 3.772E-02 0.000E+00 4.148E-05 2.711E-06
Vertebrate Forager (TL-III) 2.015E-07 1.416E-02 3.046E-03 1.785E-01 6.347E-01 6.428E-02 3.756E-02 0.000E+00 4.214E-05 1.385E-06
Predator (TL-IV) 1.116E-07 7.257E-03 1.715E-03 1.498E-01 1.156E+00 1.771E-01 1.137E-01 0.000E+00 1.222E-04 2.685E-06
Benthic Community
Infaunal invert. (TL-II) 2.628E-08 1.032E-03 1.073E-04 2.122E-03 2.130E-03 1.950E-04 1.425E-04 0.000E+00 3.977E-07 2.834E-08
Epifaunal invert. (TL-II) 3.259E-08 1.919E-03 2.289E-04 5.181E-03 5.709E-03 5.472E-04 4.040E-04 0.000E+00 1.015E-06 5.565E-08
Forager (TL-III) 1.903E-08 1.051E-03 1.607E-04 4.856E-03 7.236E-03 6.765E-04 4.610E-04 0.000E+00 7.349E-07 1.686E-08
Predator (TL-IV) 1.685E-09 2.802E-04 7.385E-05 4.574E-03 1.378E-02 1.658E-03 1.171E-03 0.000E+00 1.505E-06 2.213E-08



Tissue Conc. (mg/kg-WW) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca Total PCB
Pelagic Community
Phytoplankton (TL1) 1.507E-14 3.991E-10 3.211E-11 5.207E-10 6.838E-10 2.735E-11 1.120E-11 0.000E+00 5.047E-15 1.807E-17 1.674E-09
Zooplankton (TL-II) 3.847E-10 1.429E-05 1.441E-06 2.720E-05 2.698E-05 3.860E-06 3.434E-06 0.000E+00 1.722E-08 2.545E-09 7.722E-05
Planktivore (TL-III) 1.157E-10 1.610E-05 2.935E-06 1.073E-04 1.913E-04 3.010E-05 2.611E-05 0.000E+00 8.639E-08 4.548E-09 3.740E-04
Piscivore (TL-IV) 3.024E-11 2.837E-06 7.791E-07 6.270E-05 3.353E-04 9.028E-05 8.828E-05 0.000E+00 2.579E-07 5.625E-09 5.804E-04
Reef / Vessel Community
Attached Algae 5.309E-11 1.429E-06 1.209E-07 2.010E-06 3.165E-06 3.078E-07 1.944E-07 0.000E+00 4.372E-10 1.955E-11 7.228E-06
Sessile filter feeder (TL-II) 9.335E-10 3.149E-05 3.110E-06 5.848E-05 5.662E-05 5.014E-06 3.631E-06 0.000E+00 1.162E-08 1.261E-09 1.584E-04
Invertebrate Omnivore (TL-II) 1.513E-08 1.176E-03 1.737E-04 5.591E-03 9.032E-03 6.389E-04 3.351E-04 0.000E+00 2.343E-07 3.166E-09 1.695E-02
Invertebrate Forager (TL-III) 5.231E-08 2.136E-03 3.184E-04 1.075E-02 2.052E-02 1.623E-03 9.003E-04 0.000E+00 9.901E-07 6.469E-08 3.624E-02
Vertebrate Forager (TL-III) 1.415E-08 9.949E-04 2.140E-04 1.254E-02 4.459E-02 4.516E-03 2.638E-03 0.000E+00 2.960E-06 9.732E-08 6.550E-02
Predator (TL-IV) 7.841E-09 5.098E-04 1.205E-04 1.052E-02 8.122E-02 1.244E-02 7.984E-03 0.000E+00 8.585E-06 1.886E-07 1.128E-01
Benthic Community
Infaunal invert. (TL-II) 2.514E-10 9.875E-06 1.026E-06 2.030E-05 2.038E-05 1.866E-06 1.363E-06 0.000E+00 3.805E-09 2.711E-10 5.482E-05
Epifaunal invert. (TL-II) 3.508E-10 2.066E-05 2.464E-06 5.577E-05 6.146E-05 5.891E-06 4.348E-06 0.000E+00 1.092E-08 5.990E-10 1.506E-04
Forager (TL-III) 4.541E-10 2.508E-05 3.835E-06 1.159E-04 1.727E-04 1.615E-05 1.100E-05 0.000E+00 1.754E-08 4.024E-10 3.447E-04
Predator (TL-IV) 9.265E-11 1.541E-05 4.062E-06 2.516E-04 7.580E-04 9.120E-05 6.440E-05 0.000E+00 8.279E-08 1.217E-09 1.185E-03



BAFs (L/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Zooplankton (TL-II) 1.347E+05 6.238E+05 7.436E+05 8.445E+05 5.320E+05 7.826E+05 1.103E+06 0.000E+00 2.458E+06 8.127E+06
Planktivore (TL-III) 7.603E+04 1.320E+06 2.843E+06 6.258E+06 7.083E+06 1.146E+07 1.576E+07 0.000E+00 2.317E+07 2.729E+07
Piscivore (TL-IV) 1.988E+04 2.326E+05 7.548E+05 3.655E+06 1.242E+07 3.439E+07 5.326E+07 0.000E+00 6.917E+07 3.375E+07
Reef / Vessel Community
Attached Algae 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Sessile filter feeder (TL-II) 9.590E+05 4.034E+06 4.709E+06 5.328E+06 3.276E+06 2.983E+06 3.420E+06 0.000E+00 4.867E+06 1.181E+07
Invertebrate Omnivore (TL-II) 3.226E+04 3.127E+05 5.460E+05 1.057E+06 1.085E+06 7.891E+05 6.556E+05 0.000E+00 2.037E+05 6.157E+04
Invertebrate Forager (TL-III) 1.633E+05 8.319E+05 1.465E+06 2.976E+06 3.608E+06 2.934E+06 2.578E+06 0.000E+00 1.260E+06 1.842E+06
Vertebrate Forager (TL-III) 1.501E+04 1.316E+05 3.345E+05 1.180E+06 2.664E+06 2.774E+06 2.567E+06 0.000E+00 1.280E+06 9.414E+05
Predator (TL-IV) 1.243E+04 1.008E+05 2.815E+05 1.479E+06 7.250E+06 1.142E+07 1.161E+07 0.000E+00 5.547E+06 2.726E+06
Benthic Community
Infaunal invert. (TL-II) 2.429E+05 1.190E+06 1.462E+06 1.740E+06 1.109E+06 1.044E+06 1.208E+06 0.000E+00 1.499E+06 2.389E+06
Epifaunal invert. (TL-II) 3.013E+05 2.213E+06 3.119E+06 4.248E+06 2.973E+06 2.930E+06 3.425E+06 0.000E+00 3.825E+06 4.691E+06
Forager (TL-III) 1.759E+05 1.212E+06 2.189E+06 3.981E+06 3.768E+06 3.622E+06 3.909E+06 0.000E+00 2.770E+06 1.421E+06
Predator (TL-IV) 1.557E+04 3.231E+05 1.006E+06 3.750E+06 7.177E+06 8.877E+06 9.928E+06 0.000E+00 5.673E+06 1.865E+06



Notes:
Kow = octanol to water partitioning coefficient, Koc = organic carbon partitioning coefficient, Kdoc = dissolved organic carbon partitioning coefficient
TL = trophic level, ww = wet weight
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ZOI = 3
RISK ESTIMATES RME CTE RME CTE RME CTE RME CTE
Benthic fish (flounder) 5.70E-08 4.41E-09 3.32E-03 7.62E-04 1.67E-08 3.39E-09 4.88E-03 8.79E-04
Benthic shellfish (lobster) 1.66E-08 1.28E-09 9.67E-04 2.22E-04 4.86E-09 9.87E-10 1.42E-03 2.56E-04
Pelagic fish (jack) 2.79E-08 2.16E-09 1.63E-03 3.74E-04 8.19E-09 1.66E-09 2.39E-03 4.31E-04
Reef fish TL-IV (grouper) 6.90E-06 5.34E-07 4.02E-01 9.23E-02 2.02E-06 4.11E-07 5.90E-01 1.06E-01
Reef fish TL-III (triggerfish) 4.00E-06 3.10E-07 2.34E-01 5.36E-02 1.17E-06 2.38E-07 3.43E-01 6.18E-02
Reef shellfish (crab) 2.22E-06 1.72E-07 1.29E-01 2.97E-02 6.51E-07 1.32E-07 1.90E-01 3.42E-02
PREDICTED EXPOSURE CONCENTRATIONS (mg/kg in fresh weight)
Benthic fish (flounder) 9.26E-04
Benthic shellfish (lobster) 2.69E-04
Pelagic fish (jack) 4.54E-04
Reef fish TL-IV (grouper) 1.12E-01
Reef fish TL-III (triggerfish) 6.51E-02
Reef shellfish (crab) 3.61E-02



RISK INPUTS - Adult RME CTE RISK INPUTS - Child RME CTE
Body Weight (BWc) (kg) 70 70 Body Weight (BWc) (kg) 15 15
Ingestion Rate (IRc) (kg/day) 0.0261 0.0072 Ingestion Rate (IRc) (kg/day) 0.0092916 0.0025632
Exposure Duration (EDc) (years) 24 3 Exposure Duration (EDc) (years) 6 6
Exposure Frequency (EFc) (days) 365 365 Exposure Frequency (EFc) (days) 365 365
Averaging Time for cancer (ATc) 25550 25550 Averaging Time for cancer (ATc) 25550 25550
Slope Factor (mg/kg-day) 2 1 Slope Factor (mg/kg-day) 2 1
Reference dose for PCBs (RfD) (mg/kg-day) 0.00002 0.000045 Reference dose for PCBs (RfD) (mg/kg-day) 0.00002 0.000045
Averaging Time for noncancer (ATnc-child) 8.76E+03 1.10E+03 Averaging Time for noncancer (ATnc-child) 2.19E+03 2.19E+03
Fractional Ingestion factor (FI) 0.17 0.25 Fractional Ingestion factor (FI) 0.17 0.25



Child - Adult IR scaling factor



Zone of Influence Multiplier 3
Scenario run on



PCB-LADEN MATERIAL INPUTS Fraction Release kg Material PCB Release Ex-Oriskany CV34
PCB Rate (ng/g-d) Onboard (ng/day) Ex-Oriskany CV34 27100



Ventilation Gaskets 3.14E-05 1.58E+03 1.46E+03 7.23E+04 Length (ft) 888
Lubricants 1.03E-04 2.20E+03 0.00E+00 0.00E+00 Beam (ft) 120
Foam Rubber Material 0.76% 2.62E+00 0.00E+00 0.00E+00
Black Rubber Material 5.29E-05 1.58E+03 5.40E+03 4.50E+05
Electrical Cable 1.85E-03 2.79E+02 2.96E+05 1.53E+08
Bulkhead Insulation Material 5.37E-04 6.76E+04 1.44E+04 5.22E+08
Aluminum Paint 2.00E-05 1.11E+04 3.87E+05 8.62E+07
Total 7.62E+08



ZOI = 3



2.33E+04 m2
9.01E-03 mile2



A 1.00E+01 m
B 1.50E+01 m
C 5.00E+01 m
D 1.00E-01 m
E 3.25E+02 m
F 9.13E+01 m



Air Column
Air 2.33E+05 m3



Upper Water Column
Water 3.50E+05 m3
TSS 2.33E+00 m3



Lower Water Column
Water 1.11E+06 m3
TSS 7.42E+00 m3



Inside Vessel
Water 5.38E+04 m3
TSS 3.59E-01 m3



Sediment Bed
Sediment 1.56E+03 m3



Abiotic Inputs Total PCB concentrations
Air Column Air Column



Active air space height above water column (m) 10 Air 7.83E-17 g/m3
Air current (m/h) 13677 Upper Water Column



Upper Water Column Freely dissolved in water 9.72E-13 mg/L
Temperature (oC) 24.5 Suspended solids 1.27E-08 mg/kg
Water depth (m) 15 Dissolved organic carbon 1.70E-07 mg/kg
Total suspended solids (mg/L) 10 Lower Water Column
Dissolved organic carbon (mg/L) 0.6 Freely dissolved in water 3.43E-09 mg/L
Dissolved oxygen (mg/L) 6.12 Suspended solids 8.43E-05 mg/kg



Lower Water Column Dissolved organic carbon 7.72E-04 mg/kg
Temperature (oC) 19.5 Inside Vessel
Water depth (m) 50 Freely dissolved in water 1.80E-06 mg/L
Total suspended solids (mg/L) 10 Suspended solids 4.44E-02 mg/kg
Dissolved organic carbon (mg/L) 0.6 Dissolved organic carbon 4.06E-01 mg/kg
Dissolved oxygen (mg/L) 4.59 Sediment Bed



Inside Vessel Freely dissolved in pore water 3.43E-09 mg/L
Temperature (oC) 19.5 Bedded sediment 5.62E-06 mg/kg
Total suspended solids (mg/L) 10 Dissolved organic carbon in pore water 7.72E-04 mg/kg
Dissolved organic carbon (mg/L) 0.6 Total PCB concentrations in biota
Dissolved oxygen (mg/L) 4.59 Pelagic Community Upper WC Lower WC



Sediment Bed Phytoplankton (TL-I) 1.60E-09 mg/kg 100% 0%
Sediment density (g/cm3) 1.5 Zooplankton (TL-II) 6.04E-05 mg/kg 50% 50%
Active sediment depth (m) 0.1 Planktivore (TL-III) 2.92E-04 mg/kg 80% 20%
Sediment fraction organic carbon 0.01 Piscivore (TL-IV) 4.54E-04 mg/kg 80% 20%



All Regions Reef / Vessel Community Lower WC Vessel Int.
Suspended solids density (g/cm3) 1.5 Attached Algae (TL-I) 5.65E-06 mg/kg 100% 0%
Suspended solids fraction organic carbon 0.15 Sessile filter feeder (TL-II) 1.24E-04 mg/kg 100% 0%
Dissolved organic carbon density (g/cm3) 1 Invertebrate Omnivore (TL-II) 1.68E-02 mg/kg 80% 20%
Water current - to out of the ZOI (m/h) 926 Invertebrate Forager (TL-III) 3.61E-02 mg/kg 70% 30%
Water current - inside to outside the vessel (m/h) 9.26 Vertebrate Forager (TL-III) 6.51E-02 mg/kg 70% 30%



Predator (TL-IV) 1.12E-01 mg/kg 80% 20%
Benthic Community Lower WC Pore Water



Infaunal invert. (TL-II) 4.28E-05 mg/kg 20% 80%
Epifaunal invert. (TL-II) 1.18E-04 mg/kg 50% 50%
Forager (TL-III) 2.69E-04 mg/kg 75% 25%
Predator (TL-IV) 9.26E-04 mg/kg 90% 10%



Percent Exposures



Spatial Footprint on Ocean Floor



RISK ESTIMATES FOR Ex-Oriskany CV34



Volumes



Cancer Risk Adult & Child Hazard Adult & Child Cancer Risk Child Hazard Child



0.356
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Scenario Run on ZOI = 3



PCB Homolog Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Molecular Weight (g/mol) 1.89E+02 2.23E+02 2.58E+02 2.92E+02 3.26E+02 3.61E+02 3.95E+02 4.30E+02 4.64E+02 4.99E+02
Solubility (mg/L) 2.91E+00 6.78E-01 8.14E-02 6.67E-02 2.61E-02 9.50E-04 2.30E-04 2.11E-08 4.02E-09 1.69E-10
Solubility (mol/m3) 1.54E-02 3.04E-03 3.16E-04 2.28E-04 8.00E-05 2.63E-06 5.82E-07 4.91E-11 8.65E-12 3.38E-13
Vapor Pressure (Pa) 6.32E-01 1.41E-01 5.11E-02 2.08E-02 2.96E-03 3.43E-03 2.56E-04 8.65E-05 2.77E-05 1.41E-05
Henry's (Pa-m3/mol) 4.10E+01 4.65E+01 1.62E+02 9.10E+01 3.70E+01 1.30E+03 4.40E+02 1.76E+06 3.20E+06 4.18E+07
log10Kow = 4.47 5.24 5.52 5.92 6.50 6.98 7.19 7.70 8.35 9.60
log10Koc = 3.66 4.06 4.63 4.65 4.94 6.08 6.34 6.46 6.97 7.94
log10Kdoc = 3.34 4.11 4.39 4.79 5.51 5.85 6.06 6.57 7.22 8.47
Chemical emission rate (g/day) 1.37E-05 1.12E-01 9.95E-03 1.69E-01 3.20E-01 7.57E-02 7.37E-02 0.00E+00 8.28E-04 4.62E-04
Chemical emission rate (mol/hr) 3.03E-09 2.09E-05 1.61E-06 2.42E-05 4.08E-05 8.74E-06 7.77E-06 0.00E+00 7.43E-08 3.86E-08
Biodegradation in sediment (1/hr) 0 0 0 0 0 0 0 0 0 0
Biodegradation in water (1/hr) 0 0 0 0 0 0 0 0 0 0



Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint



Fraction PCB in Material (wt/wt) 0.0000314 0.000103 0.76% 0.0000529 0.00185 0.000537 0.00002
Material Mass Onboard (kg) 1459 0 0 5397 296419 14379 386528
Total PCBs (kg) 0.0458126 0 0 0.2855013 548.37515 7.721523 7.73056
Total PCB Release rate (ng/g-PCB per day) 1.58E+03 2.20E+03 2.62E+00 1.58E+03 2.79E+02 6.76E+04 1.11E+04



Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint



Monochlorobiphenyl 4.14E+01 3.47E+01 0.00E+00 4.14E+01 0.00E+00 0.00E+00 0.00E+00
Dichlorobiphenyl 1.27E+03 1.72E+02 3.08E-02 1.27E+03 2.03E+02 5.36E+00 0.00E+00
Trichlorobiphenyl 5.66E+01 8.97E+01 7.63E-02 5.66E+01 1.14E+00 9.44E+02 2.61E+02
Tetrachlorobiphenyl 1.44E+02 1.08E+03 1.29E+00 1.44E+02 1.57E+01 2.07E+04 1.23E+02
Pentachlorobiphenyl 6.31E+01 6.60E+02 3.90E-02 6.31E+01 1.80E+01 3.79E+04 2.24E+03
Hexachlorobiphenyl 0.00E+00 9.42E+01 5.34E-01 0.00E+00 2.41E+01 6.76E+03 1.33E+03
Heptachlorobiphenyl 5.04E+00 7.17E+01 6.46E-01 5.04E+00 1.47E+01 1.30E+03 7.19E+03
Octachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonachlorobiphenyl 0.00E+00 0.00E+00 1.72E-03 0.00E+00 1.51E+00 0.00E+00 0.00E+00
Decachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.43E-01 0.00E+00 0.00E+00
Total 1.58E+03 2.20E+03 2.62E+00 1.58E+03 2.79E+02 6.76E+04 1.11E+04



Release Rates in nanograms PCB per Day Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint Total



Monochlorobiphenyl 1.90E+03 0.00E+00 0.00E+00 1.18E+04 0.00E+00 0.00E+00 0.00E+00 1.37E+04
Dichlorobiphenyl 5.80E+04 0.00E+00 0.00E+00 3.62E+05 1.11E+08 4.14E+04 0.00E+00 1.12E+08
Trichlorobiphenyl 2.59E+03 0.00E+00 0.00E+00 1.62E+04 6.25E+05 7.29E+06 2.02E+06 9.95E+06
Tetrachlorobiphenyl 6.60E+03 0.00E+00 0.00E+00 4.11E+04 8.61E+06 1.60E+08 9.51E+05 1.69E+08
Pentachlorobiphenyl 2.89E+03 0.00E+00 0.00E+00 1.80E+04 9.87E+06 2.93E+08 1.73E+07 3.20E+08
Hexachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.32E+07 5.22E+07 1.03E+07 7.57E+07
Heptachlorobiphenyl 2.31E+02 0.00E+00 0.00E+00 1.44E+03 8.06E+06 1.01E+07 5.56E+07 7.37E+07
Octachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.28E+05 0.00E+00 0.00E+00 8.28E+05
Decachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.62E+05 0.00E+00 0.00E+00 4.62E+05
Total 7.23E+04 0.00E+00 0.00E+00 4.50E+05 1.53E+08 5.22E+08 8.62E+07 7.62E+08



Air Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 3.77E-20 2.32E-16 1.53E-17 2.04E-16 2.24E-16 7.88E-18 2.81E-18 0.00E+00 9.97E-22 3.21E-24
Air concentration (g/m3) 2.89E-21 2.11E-17 1.60E-18 2.43E-17 2.97E-17 1.16E-18 4.52E-19 0.00E+00 1.89E-22 6.51E-25



Upper Water Column Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 6.39E-18 4.83E-14 1.17E-14 9.43E-14 4.51E-14 5.74E-14 7.25E-15 0.00E+00 2.02E-14 8.80E-16
Water concentration (mg/L) 2.94E-17 2.32E-13 1.86E-14 3.02E-13 3.97E-13 1.59E-14 6.51E-15 0.00E+00 2.93E-18 1.05E-20
Suspended solids concentration (mg/kg) 2.03E-14 3.97E-10 1.18E-10 2.05E-09 5.13E-09 2.86E-09 2.14E-09 0.00E+00 4.06E-12 1.37E-13
Dissolved organic carbon  (mg/kg) 6.47E-14 2.95E-09 4.58E-10 1.87E-08 1.29E-07 1.11E-08 7.46E-09 0.00E+00 4.87E-11 3.11E-12



Lower Water Column Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 1.84E-14 1.41E-10 3.60E-11 2.97E-10 1.70E-10 5.27E-10 1.03E-10 0.00E+00 1.43E-09 7.78E-10
Water concentration (mg/L) 8.45E-14 6.78E-10 5.74E-11 9.53E-10 1.50E-09 1.46E-10 9.22E-11 0.00E+00 2.07E-13 9.27E-15
Suspended solids concentration (mg/kg) 5.84E-11 1.16E-06 3.63E-07 6.45E-06 1.94E-05 2.63E-05 3.03E-05 0.00E+00 2.87E-07 1.21E-07
Dissolved organic carbon  (mg/kg) 1.86E-10 8.64E-06 1.41E-06 5.89E-05 4.89E-04 1.02E-04 1.06E-04 0.00E+00 3.44E-06 2.75E-06



Inside the Vessel Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 9.67E-12 7.43E-08 1.89E-08 1.56E-07 8.96E-08 2.77E-07 5.40E-08 0.00E+00 7.51E-07 4.09E-07
Water concentration (mg/L) 4.45E-11 3.57E-07 3.02E-08 5.02E-07 7.90E-07 7.68E-08 4.85E-08 0.00E+00 1.09E-10 4.88E-12
Suspended solids concentration (mg/kg) 3.07E-08 6.11E-04 1.91E-04 3.39E-03 1.02E-02 1.39E-02 1.59E-02 0.00E+00 1.51E-04 6.38E-05
Dissolved organic carbon  (mg/kg) 9.80E-08 4.54E-03 7.41E-04 3.10E-02 2.57E-01 5.38E-02 5.56E-02 0.00E+00 1.81E-03 1.45E-03



Sediment Bed Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 1.84E-14 1.41E-10 3.60E-11 2.97E-10 1.70E-10 5.27E-10 1.03E-10 0.00E+00 1.43E-09 7.78E-10
Pore Water concentration (mg/L) 8.45E-14 6.78E-10 5.74E-11 9.53E-10 1.50E-09 1.46E-10 9.22E-11 0.00E+00 2.07E-13 9.27E-15
Sediment concentration  (mg/kg) 3.89E-12 7.74E-08 2.42E-08 4.30E-07 1.29E-06 1.76E-06 2.02E-06 0.00E+00 1.92E-08 8.09E-09



Bioenergetic Inputs



Species Body Weight Lipid Moisture Caloric 
Density GE to ME Met Energy Caloric 



Density Production Respiration Excretion Caloric 
Density Met Energy



(kg) (%-dw) (%) (kcal/g-dry 
weight) Fraction  (kcal/kg-lipid)  (kcal/kg-lipid)  (% of total)  (% of total)  (% of total) (kcal/g-wt 



weight)
 (kcal/g-wt 



weight)
Pelagic Community
Phytoplankton (TL-I) Algae 10% 84% 2.36 0.6 13748 22913 0.3776 0.22656
Zooplankton (TL-II) copepods 0.000005 22% 76% 3.6 0.65 10636 16364 18% 24% 58% 0.864 0.5616
Planktivore (TL-III) herring 0.05 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Piscivore (TL-IV) jack 0.5 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Reef / Vessel Community
Attached Algae (TL-I) Algae 10% 84% 2.36 0.6 13748 22913 0.3776 0.22656
Sessile filter feeder (TL-II) bivalves (w/o shell) 0.05 5% 82% 4.6 0.65 59800 92000 28% 31% 41% 0.828 0.5382
Invertebrate Omnivore (TL-II) urchin 0.05 29% 82% 4.6 0.65 10310 15862 7% 25% 68% 0.828 0.5382
Invertebrate Forager (TL-III) crab 1 9% 74% 2.7 0.65 19118 29412 28% 59% 13% 0.702 0.4563
Vertebrate Forager (TL-III) triggerfish 1 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Predator (TL-IV) grouper 1.5 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 0.2 0.14
Benthic Community
Infaunal invert. (TL-II) polychaete 0.01 6% 84% 4.6 0.65 50000 76923 71% 26% 3% 0.736 0.4784
Epifaunal invert. (TL-II) nematode 0.01 6% 82% 4.6 0.65 50000 76923 31% 19% 50% 0.828 0.5382
Forager (TL-III) lobster 2 9% 74% 2.7 0.65 19118 29412 28% 59% 13% 0.702 0.4563
Predator (TL-IV) flounder 3 22% 75% 4.9 0.7 15591 22273 20% 60% 20% 1.225 0.8575



Bioenergetic Inputs Resp. Rate Resp. Rate Consumption Growth Rate Consumption Consumption
1 gO2 kcal 1 g-wt weight kcal As a % of



Pelagic Community day kg-lipid-day kg-lipid-day day g-wt weight-d-wet weight-da body weight
Phytoplankton (TL1) Algae
Zooplankton (TL-II) copepods 0.006375522 0 0.039935335 0.015425453 84.24400867 1286.168071 0.014147849 0.32636028 0.06790967 32.6%
Planktivore (TL-III) herring 0.0033 -0.227 0.0548 0.004949927 21.1649 129.2512977 0.001482433 0.01616792 0.0090799 1.6%
Piscivore (TL-IV) jack 0.001118602 -0.55 0.12 0.000630951 2.697821256 16.47524431 0.000188961 0.00139796 0.00115739 0.1%
Reef / Vessel Community
Attached Algae Algae
Sessile filter feeder (TL-II) bivalves (w/o shell) 0.012 0 0.036 0.024213411 581.8482643 6877.300342 0.020930914 0.24377539 0.0618957 24.4%
Invertibrate Omnivore (TL-II) urchin 0.000675466 0 0.079181846 0.003163548 13.1069075 192.1012396 0.000847751 0.03471132 0.01002768 3.5%
Invertibrate Forager (TL-III) crab 0.001158234 0 0.071193202 0.004642088 60.75673491 377.3221989 0.003592107 0.01678102 0.00900593 1.7%
Vertibrate Forager (TL-III) triggerfish 0.015181024 -0.415 0.061 0.002837229 12.13142452 74.08503521 0.00084971 0.00907693 0.00520447 0.9%
Predator (TL-IV) grouper 0.00279 -0.355 0.0811 0.001011362 4.324384181 26.40845301 0.000302889 0.00264734 0.00185519 0.3%
Benthic Community
Infaunal invert. (TL-II) polychaete 0.001682129 0 0.071034762 0.006721006 135.0382801 1903.064429 0.017565285 0.09800757 0.01820852 9.8%
Epifaunal invert. (TL-II) nematode 0.001682129 0 0.071034762 0.006721006 135.0382801 2604.19343 0.0104949 0.09262416 0.02803154 9.3%
Forager (TL-III) lobster 0.0035 -0.13 0.066 0.00471923 61.76639253 383.5925529 0.003651801 0.01899736 0.00915559 1.9%
Predator (TL-IV) flounder 0.0046 -0.24 0.067 0.002486878 13.58174479 82.94195291 0.000744785 0.00974341 0.00456181 1.0%
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PCB MODELING RESULTS - PROSPECTIVE RISK EVALUATION 
RISK ESTIMATES FOR Ex-Oriskany CV34



Supplemental Information



Dietary Preferences



Suspended Solids
(Epilimnion)



Suspended 
Solids



(Hypolimnion)
Sediment Phytoplankton Zooplankton Pelagic 



Plankitivore
Attached 



Algae
Reef Sessile 
Filter Feeder



Invertebrate 
Omnivore



Reef
Invertebrate



Forager



Reef
Vertebrate



Forager



Infaunal 
Benthos



Epifaunal 
Benthos



Benthic 
Forager



Pelagic Community
Phytoplankton (TL1)
Zooplankton (TL-II) 15% 15% 70%
Planktivore (TL-III) 100%
Piscivore (TL-IV) 10% 90%
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) 10% 80% 10%
Invertebrate Omnivore (TL-II) 80% 20%
Invertebrate Forager (TL-III) 5% 5% 5% 35% 50%
Vertebrate Forager (TL-III) 19% 19% 15% 22% 12.5% 12.5%
Predator (TL-IV) 15% 60% 8% 8% 8%
Benthic Community
Infaunal invert. (TL-II) 50% 30% 20%
Epifaunal invert. (TL-II) 25% 30% 20% 25%
Forager (TL-III) 5% 50% 45%
Predator (TL-IV) 2% 20% 20% 58%



Water Exposures



Upper Water 
Column



Lower Water
Column Vessel Interior Sediment Pore



Water
GE ME ME as kcal/g-ww



Pelagic Community Sediment (kcal/kg-oc) 11456 6873.6 0.6 0.01099776
Phytoplankton (TL1) Algae 100% Suspended Sediment (kcal/kg-oc) 11456 6873.6 0.6 0.1649664
Zooplankton (TL-II) copepods 50% 50%
Planktivore (TL-III) herring 80% 20%
Piscivore (TL-IV) jack 80% 20%
Reef / Vessel Community
Attached Algae Algae 100%
Sessile filter feeder (TL-II) bivalves (w/o shell) 100%
Invertebrate Omnivore (TL-II) urchin 80% 20%
Invertebrate Forager (TL-III) crab 70% 30%
Vertebrate Forager (TL-III) triggerfish 70% 30%
Predator (TL-IV) grouper 80% 20%
Benthic Community
Infaunal invert. (TL-II) polychaete 20% 80%
Epifaunal invert. (TL-II) nematode 50% 50%
Forager (TL-III) lobster 75% 25%
Predator (TL-IV) flounder 90% 10%



Respiratory Efficiencies Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Low body weight (<100g) 4.335E-01 8.000E-01 8.000E-01 8.000E-01 4.492E-01 2.582E-01 2.018E-01 1.127E-01 5.303E-02 1.255E-02
High body weight (>100g) 5.000E-01 5.000E-01 5.000E-01 5.000E-01 3.769E-01 2.857E-01 2.526E-01 1.888E-01 1.295E-01 6.299E-02
Dietary Assimilation Efficiencies 27% 46% 53% 62% 69% 69% 68% 59% 44% 16%



Tissue Conc. (mg/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 8.750E-13 2.318E-08 1.865E-09 3.024E-08 3.972E-08 1.588E-09 6.506E-10 0.000E+00 2.932E-13 1.050E-15
Zooplankton (TL-II) 5.696E-09 2.115E-04 2.134E-05 4.027E-04 3.994E-04 5.714E-05 5.083E-05 0.000E+00 2.549E-07 3.768E-08
Planktivore (TL-III) 1.287E-09 1.791E-04 3.266E-05 1.194E-03 2.129E-03 3.349E-04 2.905E-04 0.000E+00 9.612E-07 5.060E-08
Piscivore (TL-IV) 3.366E-10 3.157E-05 8.670E-06 6.977E-04 3.731E-03 1.005E-03 9.822E-04 0.000E+00 2.869E-06 6.258E-08
Reef / Vessel Community
Attached Algae 2.518E-09 6.778E-05 5.736E-06 9.533E-05 1.501E-04 1.460E-05 9.218E-06 0.000E+00 2.074E-08 9.272E-10
Sessile filter feeder (TL-II) 8.107E-08 2.734E-03 2.701E-04 5.079E-03 4.917E-03 4.355E-04 3.153E-04 0.000E+00 1.009E-06 1.095E-07
Invertebrate Omnivore (TL-II) 2.890E-07 2.243E-02 3.312E-03 1.065E-01 1.719E-01 1.213E-02 6.345E-03 0.000E+00 4.354E-06 5.640E-08
Invertebrate Forager (TL-III) 2.189E-06 8.926E-02 1.329E-02 4.483E-01 8.549E-01 6.748E-02 3.738E-02 0.000E+00 4.100E-05 2.699E-06
Vertebrate Forager (TL-III) 2.011E-07 1.411E-02 3.032E-03 1.776E-01 6.308E-01 6.375E-02 3.718E-02 0.000E+00 4.161E-05 1.377E-06
Predator (TL-IV) 1.114E-07 7.236E-03 1.709E-03 1.490E-01 1.149E+00 1.758E-01 1.126E-01 0.000E+00 1.210E-04 2.674E-06
Benthic Community
Infaunal invert. (TL-II) 2.054E-08 8.067E-04 8.384E-05 1.658E-03 1.665E-03 1.524E-04 1.114E-04 0.000E+00 3.108E-07 2.215E-08
Epifaunal invert. (TL-II) 2.547E-08 1.500E-03 1.789E-04 4.050E-03 4.463E-03 4.277E-04 3.158E-04 0.000E+00 7.933E-07 4.350E-08
Forager (TL-III) 1.487E-08 8.214E-04 1.256E-04 3.795E-03 5.656E-03 5.288E-04 3.603E-04 0.000E+00 5.744E-07 1.318E-08
Predator (TL-IV) 1.317E-09 2.190E-04 5.772E-05 3.575E-03 1.077E-02 1.296E-03 9.152E-04 0.000E+00 1.176E-06 1.729E-08



Tissue Conc. (mg/kg-WW) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca Total PCB
Pelagic Community
Phytoplankton (TL1) 1.442E-14 3.819E-10 3.073E-11 4.983E-10 6.545E-10 2.618E-11 1.072E-11 0.000E+00 4.831E-15 1.730E-17 1.602E-09
Zooplankton (TL-II) 3.007E-10 1.117E-05 1.127E-06 2.126E-05 2.109E-05 3.017E-06 2.684E-06 0.000E+00 1.346E-08 1.989E-09 6.036E-05
Planktivore (TL-III) 9.043E-11 1.258E-05 2.294E-06 8.391E-05 1.495E-04 2.353E-05 2.041E-05 0.000E+00 6.753E-08 3.555E-09 2.923E-04
Piscivore (TL-IV) 2.364E-11 2.218E-06 6.091E-07 4.901E-05 2.621E-04 7.057E-05 6.900E-05 0.000E+00 2.016E-07 4.396E-09 4.537E-04
Reef / Vessel Community
Attached Algae 4.150E-11 1.117E-06 9.453E-08 1.571E-06 2.474E-06 2.406E-07 1.519E-07 0.000E+00 3.418E-10 1.528E-11 5.649E-06
Sessile filter feeder (TL-II) 7.297E-10 2.461E-05 2.431E-06 4.571E-05 4.425E-05 3.919E-06 2.838E-06 0.000E+00 9.084E-09 9.857E-10 1.238E-04
Invertebrate Omnivore (TL-II) 1.509E-08 1.171E-03 1.729E-04 5.561E-03 8.973E-03 6.330E-04 3.312E-04 0.000E+00 2.273E-07 2.944E-09 1.684E-02
Invertebrate Forager (TL-III) 5.224E-08 2.131E-03 3.173E-04 1.070E-02 2.041E-02 1.611E-03 8.923E-04 0.000E+00 9.787E-07 6.442E-08 3.606E-02
Vertebrate Forager (TL-III) 1.413E-08 9.913E-04 2.130E-04 1.247E-02 4.432E-02 4.478E-03 2.612E-03 0.000E+00 2.923E-06 9.671E-08 6.509E-02
Predator (TL-IV) 7.825E-09 5.083E-04 1.201E-04 1.047E-02 8.075E-02 1.235E-02 7.909E-03 0.000E+00 8.499E-06 1.879E-07 1.121E-01
Benthic Community
Infaunal invert. (TL-II) 1.965E-10 7.718E-06 8.022E-07 1.587E-05 1.593E-05 1.458E-06 1.066E-06 0.000E+00 2.974E-09 2.119E-10 4.285E-05
Epifaunal invert. (TL-II) 2.742E-10 1.615E-05 1.926E-06 4.359E-05 4.804E-05 4.604E-06 3.399E-06 0.000E+00 8.539E-09 4.682E-10 1.177E-04
Forager (TL-III) 3.550E-10 1.960E-05 2.998E-06 9.058E-05 1.350E-04 1.262E-05 8.600E-06 0.000E+00 1.371E-08 3.145E-10 2.694E-04
Predator (TL-IV) 7.241E-11 1.204E-05 3.175E-06 1.966E-04 5.925E-04 7.128E-05 5.034E-05 0.000E+00 6.471E-08 9.512E-10 9.260E-04



BAFs (L/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Zooplankton (TL-II) 1.347E+05 6.238E+05 7.437E+05 8.446E+05 5.320E+05 7.827E+05 1.103E+06 0.000E+00 2.458E+06 8.127E+06
Planktivore (TL-III) 7.603E+04 1.319E+06 2.843E+06 6.257E+06 7.083E+06 1.146E+07 1.575E+07 0.000E+00 2.317E+07 2.729E+07
Piscivore (TL-IV) 1.988E+04 2.326E+05 7.548E+05 3.655E+06 1.242E+07 3.439E+07 5.326E+07 0.000E+00 6.917E+07 3.375E+07
Reef / Vessel Community
Attached Algae 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Sessile filter feeder (TL-II) 9.590E+05 4.034E+06 4.709E+06 5.328E+06 3.276E+06 2.983E+06 3.420E+06 0.000E+00 4.867E+06 1.181E+07
Invertebrate Omnivore (TL-II) 3.225E+04 3.121E+05 5.447E+05 1.054E+06 1.080E+06 7.834E+05 6.492E+05 0.000E+00 1.981E+05 5.738E+04
Invertebrate Forager (TL-III) 1.633E+05 8.307E+05 1.462E+06 2.966E+06 3.593E+06 2.916E+06 2.558E+06 0.000E+00 1.247E+06 1.836E+06
Vertebrate Forager (TL-III) 1.501E+04 1.313E+05 3.334E+05 1.175E+06 2.651E+06 2.754E+06 2.544E+06 0.000E+00 1.266E+06 9.366E+05
Predator (TL-IV) 1.243E+04 1.007E+05 2.810E+05 1.474E+06 7.223E+06 1.136E+07 1.152E+07 0.000E+00 5.503E+06 2.721E+06
Benthic Community
Infaunal invert. (TL-II) 2.429E+05 1.190E+06 1.462E+06 1.740E+06 1.109E+06 1.044E+06 1.208E+06 0.000E+00 1.499E+06 2.389E+06
Epifaunal invert. (TL-II) 3.013E+05 2.213E+06 3.119E+06 4.248E+06 2.973E+06 2.930E+06 3.425E+06 0.000E+00 3.825E+06 4.691E+06
Forager (TL-III) 1.759E+05 1.212E+06 2.189E+06 3.981E+06 3.768E+06 3.622E+06 3.909E+06 0.000E+00 2.770E+06 1.421E+06
Predator (TL-IV) 1.557E+04 3.231E+05 1.006E+06 3.750E+06 7.177E+06 8.877E+06 9.928E+06 0.000E+00 5.673E+06 1.865E+06



Notes:
Kow = octanol to water partitioning coefficient, Koc = organic carbon partitioning coefficient, Kdoc = dissolved organic carbon partitioning coefficient
TL = trophic level, ww = wet weight
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ZOI = 4
RISK ESTIMATES RME CTE RME CTE RME CTE RME CTE
Benthic fish (flounder) 4.81E-08 3.73E-09 2.81E-03 6.44E-04 1.41E-08 2.86E-09 4.12E-03 7.42E-04
Benthic shellfish (lobster) 1.40E-08 1.08E-09 8.16E-04 1.87E-04 4.11E-09 8.33E-10 1.20E-03 2.16E-04
Pelagic fish (jack) 2.36E-08 1.83E-09 1.38E-03 3.16E-04 6.92E-09 1.40E-09 2.02E-03 3.64E-04
Reef fish TL-IV (grouper) 6.87E-06 5.32E-07 4.01E-01 9.20E-02 2.02E-06 4.09E-07 5.88E-01 1.06E-01
Reef fish TL-III (triggerfish) 3.99E-06 3.09E-07 2.33E-01 5.34E-02 1.17E-06 2.37E-07 3.41E-01 6.16E-02
Reef shellfish (crab) 2.21E-06 1.71E-07 1.29E-01 2.96E-02 6.49E-07 1.32E-07 1.89E-01 3.41E-02
PREDICTED EXPOSURE CONCENTRATIONS (mg/kg in fresh weight)
Benthic fish (flounder) 7.82E-04
Benthic shellfish (lobster) 2.28E-04
Pelagic fish (jack) 3.83E-04
Reef fish TL-IV (grouper) 1.12E-01
Reef fish TL-III (triggerfish) 6.49E-02
Reef shellfish (crab) 3.60E-02



RISK INPUTS - Adult RME CTE RISK INPUTS - Child RME CTE
Body Weight (BWc) (kg) 70 70 Body Weight (BWc) (kg) 15 15
Ingestion Rate (IRc) (kg/day) 0.0261 0.0072 Ingestion Rate (IRc) (kg/day) 0.0092916 0.0025632
Exposure Duration (EDc) (years) 24 3 Exposure Duration (EDc) (years) 6 6
Exposure Frequency (EFc) (days) 365 365 Exposure Frequency (EFc) (days) 365 365
Averaging Time for cancer (ATc) 25550 25550 Averaging Time for cancer (ATc) 25550 25550
Slope Factor (mg/kg-day) 2 1 Slope Factor (mg/kg-day) 2 1
Reference dose for PCBs (RfD) (mg/kg-day) 0.00002 0.000045 Reference dose for PCBs (RfD) (mg/kg-day) 0.00002 0.000045
Averaging Time for noncancer (ATnc-child) 8.76E+03 1.10E+03 Averaging Time for noncancer (ATnc-child) 2.19E+03 2.19E+03
Fractional Ingestion factor (FI) 0.17 0.25 Fractional Ingestion factor (FI) 0.17 0.25



Child - Adult IR scaling factor



Zone of Influence Multiplier 4
Scenario run on



PCB-LADEN MATERIAL INPUTS Fraction Release kg Material PCB Release Ex-Oriskany CV34
PCB Rate (ng/g-d) Onboard (ng/day) Ex-Oriskany CV34 27100



Ventilation Gaskets 3.14E-05 1.58E+03 1.46E+03 7.23E+04 Length (ft) 888
Lubricants 1.03E-04 2.20E+03 0.00E+00 0.00E+00 Beam (ft) 120
Foam Rubber Material 0.76% 2.62E+00 0.00E+00 0.00E+00
Black Rubber Material 5.29E-05 1.58E+03 5.40E+03 4.50E+05
Electrical Cable 1.85E-03 2.79E+02 2.96E+05 1.53E+08
Bulkhead Insulation Material 5.37E-04 6.76E+04 1.44E+04 5.22E+08
Aluminum Paint 2.00E-05 1.11E+04 3.87E+05 8.62E+07
Total 7.62E+08



ZOI = 4



3.11E+04 m2
1.20E-02 mile2



A 1.00E+01 m
B 1.50E+01 m
C 5.00E+01 m
D 1.00E-01 m
E 3.48E+02 m
F 1.14E+02 m



Air Column
Air 3.11E+05 m3



Upper Water Column
Water 4.67E+05 m3
TSS 3.11E+00 m3



Lower Water Column
Water 1.50E+06 m3
TSS 1.00E+01 m3



Inside Vessel
Water 5.38E+04 m3
TSS 3.59E-01 m3



Sediment Bed
Sediment 2.33E+03 m3



Abiotic Inputs Total PCB concentrations
Air Column Air Column



Active air space height above water column (m) 10 Air 8.81E-17 g/m3
Air current (m/h) 13677 Upper Water Column



Upper Water Column Freely dissolved in water 9.48E-13 mg/L
Temperature (oC) 24.5 Suspended solids 1.24E-08 mg/kg
Water depth (m) 15 Dissolved organic carbon 1.66E-07 mg/kg
Total suspended solids (mg/L) 10 Lower Water Column
Dissolved organic carbon (mg/L) 0.6 Freely dissolved in water 2.89E-09 mg/L
Dissolved oxygen (mg/L) 6.12 Suspended solids 7.12E-05 mg/kg



Lower Water Column Dissolved organic carbon 6.52E-04 mg/kg
Temperature (oC) 19.5 Inside Vessel
Water depth (m) 50 Freely dissolved in water 1.80E-06 mg/L
Total suspended solids (mg/L) 10 Suspended solids 4.44E-02 mg/kg
Dissolved organic carbon (mg/L) 0.6 Dissolved organic carbon 4.06E-01 mg/kg
Dissolved oxygen (mg/L) 4.59 Sediment Bed



Inside Vessel Freely dissolved in pore water 2.89E-09 mg/L
Temperature (oC) 19.5 Bedded sediment 4.75E-06 mg/kg
Total suspended solids (mg/L) 10 Dissolved organic carbon in pore water 6.52E-04 mg/kg
Dissolved organic carbon (mg/L) 0.6 Total PCB concentrations in biota
Dissolved oxygen (mg/L) 4.59 Pelagic Community Upper WC Lower WC



Sediment Bed Phytoplankton (TL-I) 1.56E-09 mg/kg 100% 0%
Sediment density (g/cm3) 1.5 Zooplankton (TL-II) 5.10E-05 mg/kg 50% 50%
Active sediment depth (m) 0.1 Planktivore (TL-III) 2.47E-04 mg/kg 80% 20%
Sediment fraction organic carbon 0.01 Piscivore (TL-IV) 3.83E-04 mg/kg 80% 20%



All Regions Reef / Vessel Community Lower WC Vessel Int.
Suspended solids density (g/cm3) 1.5 Attached Algae (TL-I) 4.77E-06 mg/kg 100% 0%
Suspended solids fraction organic carbon 0.15 Sessile filter feeder (TL-II) 1.05E-04 mg/kg 100% 0%
Dissolved organic carbon density (g/cm3) 1 Invertebrate Omnivore (TL-II) 1.68E-02 mg/kg 80% 20%
Water current - to out of the ZOI (m/h) 926 Invertebrate Forager (TL-III) 3.60E-02 mg/kg 70% 30%
Water current - inside to outside the vessel (m/h) 9.26 Vertebrate Forager (TL-III) 6.49E-02 mg/kg 70% 30%



Predator (TL-IV) 1.12E-01 mg/kg 80% 20%
Benthic Community Lower WC Pore Water



Infaunal invert. (TL-II) 3.62E-05 mg/kg 20% 80%
Epifaunal invert. (TL-II) 9.94E-05 mg/kg 50% 50%
Forager (TL-III) 2.28E-04 mg/kg 75% 25%
Predator (TL-IV) 7.82E-04 mg/kg 90% 10%



Percent Exposures



Spatial Footprint on Ocean Floor



RISK ESTIMATES FOR Ex-Oriskany CV34



Volumes



Cancer Risk Adult & Child Hazard Adult & Child Cancer Risk Child Hazard Child



0.356



PCB MODELING RESULTS - PROSPECTIVE RISK EVALUATION 



Modeled Dimensions
Outside the Vessel
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Scenario Run on 
ZOI+4



PCB Homolog Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Molecular Weight (g/mol) 1.89E+02 2.23E+02 2.58E+02 2.92E+02 3.26E+02 3.61E+02 3.95E+02 4.30E+02 4.64E+02 4.99E+02
Solubility (mg/L) 2.91E+00 6.78E-01 8.14E-02 6.67E-02 2.61E-02 9.50E-04 2.30E-04 2.11E-08 4.02E-09 1.69E-10
Solubility (mol/m3) 1.54E-02 3.04E-03 3.16E-04 2.28E-04 8.00E-05 2.63E-06 5.82E-07 4.91E-11 8.65E-12 3.38E-13
Vapor Pressure (Pa) 6.32E-01 1.41E-01 5.11E-02 2.08E-02 2.96E-03 3.43E-03 2.56E-04 8.65E-05 2.77E-05 1.41E-05
Henry's (Pa-m3/mol) 4.10E+01 4.65E+01 1.62E+02 9.10E+01 3.70E+01 1.30E+03 4.40E+02 1.76E+06 3.20E+06 4.18E+07
log10Kow = 4.47 5.24 5.52 5.92 6.50 6.98 7.19 7.70 8.35 9.60
log10Koc = 3.66 4.06 4.63 4.65 4.94 6.08 6.34 6.46 6.97 7.94
log10Kdoc = 3.34 4.11 4.39 4.79 5.51 5.85 6.06 6.57 7.22 8.47
Chemical emission rate (g/day) 1.37E-05 1.12E-01 9.95E-03 1.69E-01 3.20E-01 7.57E-02 7.37E-02 0.00E+00 8.28E-04 4.62E-04
Chemical emission rate (mol/hr) 3.03E-09 2.09E-05 1.61E-06 2.42E-05 4.08E-05 8.74E-06 7.77E-06 0.00E+00 7.43E-08 3.86E-08
Biodegradation in sediment (1/hr) 0 0 0 0 0 0 0 0 0 0
Biodegradation in water (1/hr) 0 0 0 0 0 0 0 0 0 0



Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint



Fraction PCB in Material (wt/wt) 0.0000314 0.000103 0.76% 0.0000529 0.00185 0.000537 0.00002
Material Mass Onboard (kg) 1459 0 0 5397 296419 14379 386528
Total PCBs (kg) 0.0458126 0 0 0.2855013 548.37515 7.721523 7.73056
Total PCB Release rate (ng/g-PCB per day) 1.58E+03 2.20E+03 2.62E+00 1.58E+03 2.79E+02 6.76E+04 1.11E+04



Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint



Monochlorobiphenyl 4.14E+01 3.47E+01 0.00E+00 4.14E+01 0.00E+00 0.00E+00 0.00E+00
Dichlorobiphenyl 1.27E+03 1.72E+02 3.08E-02 1.27E+03 2.03E+02 5.36E+00 0.00E+00
Trichlorobiphenyl 5.66E+01 8.97E+01 7.63E-02 5.66E+01 1.14E+00 9.44E+02 2.61E+02
Tetrachlorobiphenyl 1.44E+02 1.08E+03 1.29E+00 1.44E+02 1.57E+01 2.07E+04 1.23E+02
Pentachlorobiphenyl 6.31E+01 6.60E+02 3.90E-02 6.31E+01 1.80E+01 3.79E+04 2.24E+03
Hexachlorobiphenyl 0.00E+00 9.42E+01 5.34E-01 0.00E+00 2.41E+01 6.76E+03 1.33E+03
Heptachlorobiphenyl 5.04E+00 7.17E+01 6.46E-01 5.04E+00 1.47E+01 1.30E+03 7.19E+03
Octachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonachlorobiphenyl 0.00E+00 0.00E+00 1.72E-03 0.00E+00 1.51E+00 0.00E+00 0.00E+00
Decachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.43E-01 0.00E+00 0.00E+00
Total 1.58E+03 2.20E+03 2.62E+00 1.58E+03 2.79E+02 6.76E+04 1.11E+04



Release Rates in nanograms PCB per Day Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint Total



Monochlorobiphenyl 1.90E+03 0.00E+00 0.00E+00 1.18E+04 0.00E+00 0.00E+00 0.00E+00 1.37E+04
Dichlorobiphenyl 5.80E+04 0.00E+00 0.00E+00 3.62E+05 1.11E+08 4.14E+04 0.00E+00 1.12E+08
Trichlorobiphenyl 2.59E+03 0.00E+00 0.00E+00 1.62E+04 6.25E+05 7.29E+06 2.02E+06 9.95E+06
Tetrachlorobiphenyl 6.60E+03 0.00E+00 0.00E+00 4.11E+04 8.61E+06 1.60E+08 9.51E+05 1.69E+08
Pentachlorobiphenyl 2.89E+03 0.00E+00 0.00E+00 1.80E+04 9.87E+06 2.93E+08 1.73E+07 3.20E+08
Hexachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.32E+07 5.22E+07 1.03E+07 7.57E+07
Heptachlorobiphenyl 2.31E+02 0.00E+00 0.00E+00 1.44E+03 8.06E+06 1.01E+07 5.56E+07 7.37E+07
Octachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.28E+05 0.00E+00 0.00E+00 8.28E+05
Decachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.62E+05 0.00E+00 0.00E+00 4.62E+05
Total 7.23E+04 0.00E+00 0.00E+00 4.50E+05 1.53E+08 5.22E+08 8.62E+07 7.62E+08



Air Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 4.24E-20 2.61E-16 1.72E-17 2.30E-16 2.51E-16 8.87E-18 3.16E-18 0.00E+00 1.12E-21 3.61E-24
Air concentration (g/m3) 3.26E-21 2.37E-17 1.80E-18 2.73E-17 3.34E-17 1.30E-18 5.09E-19 0.00E+00 2.12E-22 7.33E-25



Upper Water Column Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 6.23E-18 4.71E-14 1.14E-14 9.19E-14 4.40E-14 5.60E-14 7.07E-15 0.00E+00 1.97E-14 8.59E-16
Water concentration (mg/L) 2.86E-17 2.26E-13 1.82E-14 2.95E-13 3.87E-13 1.55E-14 6.34E-15 0.00E+00 2.86E-18 1.02E-20
Suspended solids concentration (mg/kg) 1.98E-14 3.87E-10 1.15E-10 2.00E-09 5.00E-09 2.79E-09 2.08E-09 0.00E+00 3.96E-12 1.34E-13
Dissolved organic carbon  (mg/kg) 6.31E-14 2.88E-09 4.47E-10 1.82E-08 1.26E-07 1.08E-08 7.27E-09 0.00E+00 4.75E-11 3.04E-12



Lower Water Column Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 1.55E-14 1.19E-10 3.04E-11 2.51E-10 1.44E-10 4.45E-10 8.67E-11 0.00E+00 1.21E-09 6.57E-10
Water concentration (mg/L) 7.14E-14 5.72E-10 4.84E-11 8.05E-10 1.27E-09 1.23E-10 7.78E-11 0.00E+00 1.75E-13 7.83E-15
Suspended solids concentration (mg/kg) 4.93E-11 9.80E-07 3.06E-07 5.45E-06 1.64E-05 2.22E-05 2.55E-05 0.00E+00 2.43E-07 1.02E-07
Dissolved organic carbon  (mg/kg) 1.57E-10 7.29E-06 1.19E-06 4.98E-05 4.13E-04 8.64E-05 8.92E-05 0.00E+00 2.91E-06 2.32E-06



Inside the Vessel Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 9.67E-12 7.43E-08 1.89E-08 1.56E-07 8.96E-08 2.77E-07 5.40E-08 0.00E+00 7.51E-07 4.09E-07
Water concentration (mg/L) 4.45E-11 3.57E-07 3.02E-08 5.02E-07 7.90E-07 7.68E-08 4.85E-08 0.00E+00 1.09E-10 4.88E-12
Suspended solids concentration (mg/kg) 3.07E-08 6.11E-04 1.91E-04 3.39E-03 1.02E-02 1.39E-02 1.59E-02 0.00E+00 1.51E-04 6.38E-05
Dissolved organic carbon  (mg/kg) 9.80E-08 4.54E-03 7.41E-04 3.10E-02 2.57E-01 5.38E-02 5.56E-02 0.00E+00 1.81E-03 1.45E-03



Sediment Bed Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 1.55E-14 1.19E-10 3.04E-11 2.51E-10 1.44E-10 4.45E-10 8.67E-11 0.00E+00 1.21E-09 6.57E-10
Pore Water concentration (mg/L) 7.14E-14 5.72E-10 4.84E-11 8.05E-10 1.27E-09 1.23E-10 7.78E-11 0.00E+00 1.75E-13 7.83E-15
Sediment concentration  (mg/kg) 3.29E-12 6.53E-08 2.04E-08 3.63E-07 1.09E-06 1.48E-06 1.70E-06 0.00E+00 1.62E-08 6.83E-09



Bioenergetic Inputs



Species Body Weight Lipid Moisture Caloric 
Density GE to ME Met Energy Caloric 



Density Production Respiration Excretion Caloric 
Density Met Energy



(kg) (%-dw) (%) (kcal/g-dry 
weight) Fraction  (kcal/kg-lipid)  (kcal/kg-lipid)  (% of total)  (% of total)  (% of total) (kcal/g-wt 



weight)
 (kcal/g-wt 



weight)
Pelagic Community
Phytoplankton (TL-I) Algae 10% 84% 2.36 0.6 13748 22913 0.3776 0.22656
Zooplankton (TL-II) copepods 0.000005 22% 76% 3.6 0.65 10636 16364 18% 24% 58% 0.864 0.5616
Planktivore (TL-III) herring 0.05 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Piscivore (TL-IV) jack 0.5 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Reef / Vessel Community
Attached Algae (TL-I) Algae 10% 84% 2.36 0.6 13748 22913 0.3776 0.22656
Sessile filter feeder (TL-II) bivalves (w/o shell) 0.05 5% 82% 4.6 0.65 59800 92000 28% 31% 41% 0.828 0.5382
Invertebrate Omnivore (TL-II) urchin 0.05 29% 82% 4.6 0.65 10310 15862 7% 25% 68% 0.828 0.5382
Invertebrate Forager (TL-III) crab 1 9% 74% 2.7 0.65 19118 29412 28% 59% 13% 0.702 0.4563
Vertebrate Forager (TL-III) triggerfish 1 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Predator (TL-IV) grouper 1.5 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 0.2 0.14
Benthic Community
Infaunal invert. (TL-II) polychaete 0.01 6% 84% 4.6 0.65 50000 76923 71% 26% 3% 0.736 0.4784
Epifaunal invert. (TL-II) nematode 0.01 6% 82% 4.6 0.65 50000 76923 31% 19% 50% 0.828 0.5382
Forager (TL-III) lobster 2 9% 74% 2.7 0.65 19118 29412 28% 59% 13% 0.702 0.4563
Predator (TL-IV) flounder 3 22% 75% 4.9 0.7 15591 22273 20% 60% 20% 1.225 0.8575



Bioenergetic Inputs Resp. Rate Resp. Rate Consumption Growth Rate Consumption Consumption
1 gO2 kcal 1 g-wt weight kcal As a % of



Pelagic Community day kg-lipid-day kg-lipid-day day g-wt weight-d-wet weight-da body weight
Phytoplankton (TL1) Algae
Zooplankton (TL-II) copepods 0.006375522 0 0.039935335 0.015425453 84.24400867 1286.168071 0.014147849 0.32636028 0.06790967 32.6%
Planktivore (TL-III) herring 0.0033 -0.227 0.0548 0.004949927 21.1649 129.2512977 0.001482433 0.01616792 0.0090799 1.6%
Piscivore (TL-IV) jack 0.001118602 -0.55 0.12 0.000630951 2.697821256 16.47524431 0.000188961 0.00139796 0.00115739 0.1%
Reef / Vessel Community
Attached Algae Algae
Sessile filter feeder (TL-II) bivalves (w/o shell) 0.012 0 0.036 0.024213411 581.8482643 6877.300342 0.020930914 0.24377539 0.0618957 24.4%
Invertibrate Omnivore (TL-II) urchin 0.000675466 0 0.079181846 0.003163548 13.1069075 192.1012396 0.000847751 0.03471132 0.01002768 3.5%
Invertibrate Forager (TL-III) crab 0.001158234 0 0.071193202 0.004642088 60.75673491 377.3221989 0.003592107 0.01678102 0.00900593 1.7%
Vertibrate Forager (TL-III) triggerfish 0.015181024 -0.415 0.061 0.002837229 12.13142452 74.08503521 0.00084971 0.00907693 0.00520447 0.9%
Predator (TL-IV) grouper 0.00279 -0.355 0.0811 0.001011362 4.324384181 26.40845301 0.000302889 0.00264734 0.00185519 0.3%
Benthic Community
Infaunal invert. (TL-II) polychaete 0.001682129 0 0.071034762 0.006721006 135.0382801 1903.064429 0.017565285 0.09800757 0.01820852 9.8%
Epifaunal invert. (TL-II) nematode 0.001682129 0 0.071034762 0.006721006 135.0382801 2604.19343 0.0104949 0.09262416 0.02803154 9.3%
Forager (TL-III) lobster 0.0035 -0.13 0.066 0.00471923 61.76639253 383.5925529 0.003651801 0.01899736 0.00915559 1.9%
Predator (TL-IV) flounder 0.0046 -0.24 0.067 0.002486878 13.58174479 82.94195291 0.000744785 0.00974341 0.00456181 1.0%
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PCB MODELING RESULTS - PROSPECTIVE RISK EVALUATION 
RISK ESTIMATES FOR Ex-Oriskany CV34



Supplemental Information



Dietary Preferences



Suspended Solids
(Epilimnion)



Suspended 
Solids



(Hypolimnion)
Sediment Phytoplankton Zooplankton Pelagic 



Plankitivore
Attached 



Algae
Reef Sessile 
Filter Feeder



Invertebrate 
Omnivore



Reef
Invertebrate



Forager



Reef
Vertebrate



Forager



Infaunal 
Benthos



Epifaunal 
Benthos



Benthic 
Forager



Pelagic Community
Phytoplankton (TL1)
Zooplankton (TL-II) 15% 15% 70%
Planktivore (TL-III) 100%
Piscivore (TL-IV) 10% 90%
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) 10% 80% 10%
Invertebrate Omnivore (TL-II) 80% 20%
Invertebrate Forager (TL-III) 5% 5% 5% 35% 50%
Vertebrate Forager (TL-III) 19% 19% 15% 22% 12.5% 12.5%
Predator (TL-IV) 15% 60% 8% 8% 8%
Benthic Community
Infaunal invert. (TL-II) 50% 30% 20%
Epifaunal invert. (TL-II) 25% 30% 20% 25%
Forager (TL-III) 5% 50% 45%
Predator (TL-IV) 2% 20% 20% 58%



Water Exposures



Upper Water 
Column



Lower Water
Column Vessel Interior Sediment Pore



Water
GE ME ME as kcal/g-ww



Pelagic Community Sediment (kcal/kg-oc) 11456 6873.6 0.6 0.01099776
Phytoplankton (TL1) Algae 100% Suspended Sediment (kcal/kg-oc) 11456 6873.6 0.6 0.1649664
Zooplankton (TL-II) copepods 50% 50%
Planktivore (TL-III) herring 80% 20%
Piscivore (TL-IV) jack 80% 20%
Reef / Vessel Community
Attached Algae Algae 100%
Sessile filter feeder (TL-II) bivalves (w/o shell) 100%
Invertebrate Omnivore (TL-II) urchin 80% 20%
Invertebrate Forager (TL-III) crab 70% 30%
Vertebrate Forager (TL-III) triggerfish 70% 30%
Predator (TL-IV) grouper 80% 20%
Benthic Community
Infaunal invert. (TL-II) polychaete 20% 80%
Epifaunal invert. (TL-II) nematode 50% 50%
Forager (TL-III) lobster 75% 25%
Predator (TL-IV) flounder 90% 10%



Respiratory Efficiencies Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Low body weight (<100g) 4.335E-01 8.000E-01 8.000E-01 8.000E-01 4.492E-01 2.582E-01 2.018E-01 1.127E-01 5.303E-02 1.255E-02
High body weight (>100g) 5.000E-01 5.000E-01 5.000E-01 5.000E-01 3.769E-01 2.857E-01 2.526E-01 1.888E-01 1.295E-01 6.299E-02
Dietary Assimilation Efficiencies 27% 46% 53% 62% 69% 69% 68% 59% 44% 16%



Tissue Conc. (mg/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 8.531E-13 2.260E-08 1.818E-09 2.948E-08 3.872E-08 1.549E-09 6.345E-10 0.000E+00 2.859E-13 1.024E-15
Zooplankton (TL-II) 4.810E-09 1.786E-04 1.802E-05 3.401E-04 3.373E-04 4.826E-05 4.293E-05 0.000E+00 2.153E-07 3.182E-08
Planktivore (TL-III) 1.087E-09 1.513E-04 2.758E-05 1.009E-03 1.798E-03 2.828E-04 2.454E-04 0.000E+00 8.118E-07 4.273E-08
Piscivore (TL-IV) 2.843E-10 2.667E-05 7.323E-06 5.893E-04 3.151E-03 8.484E-04 8.295E-04 0.000E+00 2.423E-06 5.285E-08
Reef / Vessel Community
Attached Algae 2.126E-09 5.724E-05 4.844E-06 8.050E-05 1.268E-04 1.233E-05 7.785E-06 0.000E+00 1.751E-08 7.830E-10
Sessile filter feeder (TL-II) 6.847E-08 2.309E-03 2.281E-04 4.289E-03 4.153E-03 3.678E-04 2.663E-04 0.000E+00 8.524E-07 9.249E-08
Invertebrate Omnivore (TL-II) 2.886E-07 2.238E-02 3.304E-03 1.062E-01 1.713E-01 1.206E-02 6.303E-03 0.000E+00 4.280E-06 5.404E-08
Invertebrate Forager (TL-III) 2.187E-06 8.913E-02 1.327E-02 4.471E-01 8.523E-01 6.720E-02 3.719E-02 0.000E+00 4.074E-05 2.693E-06
Vertebrate Forager (TL-III) 2.010E-07 1.408E-02 3.024E-03 1.770E-01 6.287E-01 6.345E-02 3.696E-02 0.000E+00 4.131E-05 1.372E-06
Predator (TL-IV) 1.113E-07 7.224E-03 1.705E-03 1.486E-01 1.146E+00 1.750E-01 1.120E-01 0.000E+00 1.203E-04 2.668E-06
Benthic Community
Infaunal invert. (TL-II) 1.734E-08 6.813E-04 7.080E-05 1.401E-03 1.406E-03 1.287E-04 9.406E-05 0.000E+00 2.625E-07 1.871E-08
Epifaunal invert. (TL-II) 2.151E-08 1.267E-03 1.511E-04 3.420E-03 3.769E-03 3.612E-04 2.667E-04 0.000E+00 6.699E-07 3.673E-08
Forager (TL-III) 1.256E-08 6.936E-04 1.061E-04 3.205E-03 4.776E-03 4.466E-04 3.043E-04 0.000E+00 4.851E-07 1.113E-08
Predator (TL-IV) 1.112E-09 1.849E-04 4.875E-05 3.019E-03 9.098E-03 1.095E-03 7.729E-04 0.000E+00 9.936E-07 1.461E-08



Tissue Conc. (mg/kg-WW) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca Total PCB
Pelagic Community
Phytoplankton (TL1) 1.406E-14 3.724E-10 2.996E-11 4.859E-10 6.382E-10 2.552E-11 1.046E-11 0.000E+00 4.711E-15 1.687E-17 1.562E-09
Zooplankton (TL-II) 2.540E-10 9.431E-06 9.514E-07 1.796E-05 1.781E-05 2.548E-06 2.267E-06 0.000E+00 1.137E-08 1.680E-09 5.098E-05
Planktivore (TL-III) 7.638E-11 1.063E-05 1.938E-06 7.087E-05 1.263E-04 1.987E-05 1.724E-05 0.000E+00 5.703E-08 3.002E-09 2.469E-04
Piscivore (TL-IV) 1.997E-11 1.873E-06 5.144E-07 4.140E-05 2.214E-04 5.960E-05 5.827E-05 0.000E+00 1.702E-07 3.713E-09 3.832E-04
Reef / Vessel Community
Attached Algae 3.504E-11 9.434E-07 7.983E-08 1.327E-06 2.089E-06 2.032E-07 1.283E-07 0.000E+00 2.886E-10 1.290E-11 4.771E-06
Sessile filter feeder (TL-II) 6.162E-10 2.078E-05 2.053E-06 3.860E-05 3.737E-05 3.310E-06 2.397E-06 0.000E+00 7.672E-09 8.324E-10 1.045E-04
Invertebrate Omnivore (TL-II) 1.507E-08 1.168E-03 1.725E-04 5.545E-03 8.940E-03 6.297E-04 3.290E-04 0.000E+00 2.234E-07 2.821E-09 1.678E-02
Invertebrate Forager (TL-III) 5.220E-08 2.127E-03 3.167E-04 1.067E-02 2.034E-02 1.604E-03 8.878E-04 0.000E+00 9.723E-07 6.427E-08 3.595E-02
Vertebrate Forager (TL-III) 1.412E-08 9.894E-04 2.125E-04 1.243E-02 4.416E-02 4.458E-03 2.597E-03 0.000E+00 2.902E-06 9.637E-08 6.486E-02
Predator (TL-IV) 7.815E-09 5.075E-04 1.198E-04 1.044E-02 8.048E-02 1.229E-02 7.868E-03 0.000E+00 8.451E-06 1.875E-07 1.117E-01
Benthic Community
Infaunal invert. (TL-II) 1.659E-10 6.518E-06 6.774E-07 1.340E-05 1.345E-05 1.231E-06 8.999E-07 0.000E+00 2.512E-09 1.790E-10 3.619E-05
Epifaunal invert. (TL-II) 2.316E-10 1.364E-05 1.626E-06 3.681E-05 4.057E-05 3.888E-06 2.870E-06 0.000E+00 7.211E-09 3.954E-10 9.941E-05
Forager (TL-III) 2.998E-10 1.656E-05 2.531E-06 7.650E-05 1.140E-04 1.066E-05 7.263E-06 0.000E+00 1.158E-08 2.656E-10 2.275E-04
Predator (TL-IV) 6.115E-11 1.017E-05 2.681E-06 1.661E-04 5.004E-04 6.020E-05 4.251E-05 0.000E+00 5.465E-08 8.033E-10 7.821E-04



BAFs (L/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Zooplankton (TL-II) 1.347E+05 6.238E+05 7.437E+05 8.446E+05 5.320E+05 7.827E+05 1.103E+06 0.000E+00 2.458E+06 8.127E+06
Planktivore (TL-III) 7.602E+04 1.319E+06 2.843E+06 6.256E+06 7.082E+06 1.146E+07 1.575E+07 0.000E+00 2.317E+07 2.729E+07
Piscivore (TL-IV) 1.988E+04 2.325E+05 7.547E+05 3.655E+06 1.241E+07 3.439E+07 5.326E+07 0.000E+00 6.917E+07 3.375E+07
Reef / Vessel Community
Attached Algae 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Sessile filter feeder (TL-II) 9.590E+05 4.034E+06 4.709E+06 5.328E+06 3.276E+06 2.983E+06 3.420E+06 0.000E+00 4.867E+06 1.181E+07
Invertebrate Omnivore (TL-II) 3.224E+04 3.118E+05 5.439E+05 1.052E+06 1.077E+06 7.802E+05 6.457E+05 0.000E+00 1.949E+05 5.504E+04
Invertebrate Forager (TL-III) 1.633E+05 8.300E+05 1.460E+06 2.961E+06 3.584E+06 2.905E+06 2.547E+06 0.000E+00 1.240E+06 1.833E+06
Vertebrate Forager (TL-III) 1.501E+04 1.311E+05 3.328E+05 1.172E+06 2.644E+06 2.744E+06 2.531E+06 0.000E+00 1.258E+06 9.340E+05
Predator (TL-IV) 1.243E+04 1.006E+05 2.807E+05 1.472E+06 7.207E+06 1.132E+07 1.147E+07 0.000E+00 5.478E+06 2.718E+06
Benthic Community
Infaunal invert. (TL-II) 2.429E+05 1.190E+06 1.462E+06 1.740E+06 1.109E+06 1.044E+06 1.208E+06 0.000E+00 1.499E+06 2.389E+06
Epifaunal invert. (TL-II) 3.013E+05 2.213E+06 3.119E+06 4.248E+06 2.973E+06 2.930E+06 3.425E+06 0.000E+00 3.825E+06 4.691E+06
Forager (TL-III) 1.759E+05 1.212E+06 2.189E+06 3.981E+06 3.768E+06 3.622E+06 3.909E+06 0.000E+00 2.770E+06 1.421E+06
Predator (TL-IV) 1.557E+04 3.231E+05 1.006E+06 3.750E+06 7.177E+06 8.878E+06 9.928E+06 0.000E+00 5.673E+06 1.865E+06



Notes:
Kow = octanol to water partitioning coefficient, Koc = organic carbon partitioning coefficient, Kdoc = dissolved organic carbon partitioning coefficient
TL = trophic level, ww = wet weight
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ZOI = 5
RISK ESTIMATES RME CTE RME CTE RME CTE RME CTE
Benthic fish (flounder) 4.23E-08 3.28E-09 2.47E-03 5.66E-04 1.24E-08 2.52E-09 3.62E-03 6.53E-04
Benthic shellfish (lobster) 1.23E-08 9.53E-10 7.18E-04 1.65E-04 3.61E-09 7.33E-10 1.05E-03 1.90E-04
Pelagic fish (jack) 2.07E-08 1.61E-09 1.21E-03 2.78E-04 6.08E-09 1.23E-09 1.77E-03 3.20E-04
Reef fish TL-IV (grouper) 6.86E-06 5.31E-07 4.00E-01 9.18E-02 2.01E-06 4.08E-07 5.87E-01 1.06E-01
Reef fish TL-III (triggerfish) 3.98E-06 3.08E-07 2.32E-01 5.33E-02 1.17E-06 2.37E-07 3.41E-01 6.14E-02
Reef shellfish (crab) 2.21E-06 1.71E-07 1.29E-01 2.95E-02 6.48E-07 1.31E-07 1.89E-01 3.41E-02
PREDICTED EXPOSURE CONCENTRATIONS (mg/kg in fresh weight)
Benthic fish (flounder) 6.88E-04
Benthic shellfish (lobster) 2.00E-04
Pelagic fish (jack) 3.37E-04
Reef fish TL-IV (grouper) 1.11E-01
Reef fish TL-III (triggerfish) 6.47E-02
Reef shellfish (crab) 3.59E-02



RISK INPUTS - Adult RME CTE RISK INPUTS - Child RME CTE
Body Weight (BWc) (kg) 70 70 Body Weight (BWc) (kg) 15 15
Ingestion Rate (IRc) (kg/day) 0.0261 0.0072 Ingestion Rate (IRc) (kg/day) 0.0092916 0.0025632
Exposure Duration (EDc) (years) 24 3 Exposure Duration (EDc) (years) 6 6
Exposure Frequency (EFc) (days) 365 365 Exposure Frequency (EFc) (days) 365 365
Averaging Time for cancer (ATc) 25550 25550 Averaging Time for cancer (ATc) 25550 25550
Slope Factor (mg/kg-day) 2 1 Slope Factor (mg/kg-day) 2 1
Reference dose for PCBs (RfD) (mg/kg-day) 0.00002 0.000045 Reference dose for PCBs (RfD) (mg/kg-day) 0.00002 0.000045
Averaging Time for noncancer (ATnc-child) 8.76E+03 1.10E+03 Averaging Time for noncancer (ATnc-child) 2.19E+03 2.19E+03
Fractional Ingestion factor (FI) 0.17 0.25 Fractional Ingestion factor (FI) 0.17 0.25



Child - Adult IR scaling factor



Zone of Influence Multiplier 5
Scenario run on



PCB-LADEN MATERIAL INPUTS Fraction Release kg Material PCB Release Ex-Oriskany CV34
PCB Rate (ng/g-d) Onboard (ng/day) Ex-Oriskany CV34 27100



Ventilation Gaskets 3.14E-05 1.58E+03 1.46E+03 7.23E+04 Length (ft) 888
Lubricants 1.03E-04 2.20E+03 0.00E+00 0.00E+00 Beam (ft) 120
Foam Rubber Material 0.76% 2.62E+00 0.00E+00 0.00E+00
Black Rubber Material 5.29E-05 1.58E+03 5.40E+03 4.50E+05
Electrical Cable 1.85E-03 2.79E+02 2.96E+05 1.53E+08
Bulkhead Insulation Material 5.37E-04 6.76E+04 1.44E+04 5.22E+08
Aluminum Paint 2.00E-05 1.11E+04 3.87E+05 8.62E+07
Total 7.62E+08



ZOI = 5



3.89E+04 m2
1.50E-02 mile2



A 1.00E+01 m
B 1.50E+01 m
C 5.00E+01 m
D 1.00E-01 m
E 3.68E+02 m
F 1.34E+02 m



Air Column
Air 3.89E+05 m3



Upper Water Column
Water 5.83E+05 m3
TSS 3.89E+00 m3



Lower Water Column
Water 1.89E+06 m3
TSS 1.26E+01 m3



Inside Vessel
Water 5.38E+04 m3
TSS 3.59E-01 m3



Sediment Bed
Sediment 3.11E+03 m3



Abiotic Inputs Total PCB concentrations
Air Column Air Column



Active air space height above water column (m) 10 Air 9.68E-17 g/m3
Air current (m/h) 13677 Upper Water Column



Upper Water Column Freely dissolved in water 9.32E-13 mg/L
Temperature (oC) 24.5 Suspended solids 1.22E-08 mg/kg
Water depth (m) 15 Dissolved organic carbon 1.63E-07 mg/kg
Total suspended solids (mg/L) 10 Lower Water Column
Dissolved organic carbon (mg/L) 0.6 Freely dissolved in water 2.55E-09 mg/L
Dissolved oxygen (mg/L) 6.12 Suspended solids 6.27E-05 mg/kg



Lower Water Column Dissolved organic carbon 5.74E-04 mg/kg
Temperature (oC) 19.5 Inside Vessel
Water depth (m) 50 Freely dissolved in water 1.80E-06 mg/L
Total suspended solids (mg/L) 10 Suspended solids 4.44E-02 mg/kg
Dissolved organic carbon (mg/L) 0.6 Dissolved organic carbon 4.06E-01 mg/kg
Dissolved oxygen (mg/L) 4.59 Sediment Bed



Inside Vessel Freely dissolved in pore water 2.55E-09 mg/L
Temperature (oC) 19.5 Bedded sediment 4.18E-06 mg/kg
Total suspended solids (mg/L) 10 Dissolved organic carbon in pore water 5.74E-04 mg/kg
Dissolved organic carbon (mg/L) 0.6 Total PCB concentrations in biota
Dissolved oxygen (mg/L) 4.59 Pelagic Community Upper WC Lower WC



Sediment Bed Phytoplankton (TL-I) 1.54E-09 mg/kg 100% 0%
Sediment density (g/cm3) 1.5 Zooplankton (TL-II) 4.48E-05 mg/kg 50% 50%
Active sediment depth (m) 0.1 Planktivore (TL-III) 2.17E-04 mg/kg 80% 20%
Sediment fraction organic carbon 0.01 Piscivore (TL-IV) 3.37E-04 mg/kg 80% 20%



All Regions Reef / Vessel Community Lower WC Vessel Int.
Suspended solids density (g/cm3) 1.5 Attached Algae (TL-I) 4.20E-06 mg/kg 100% 0%
Suspended solids fraction organic carbon 0.15 Sessile filter feeder (TL-II) 9.19E-05 mg/kg 100% 0%
Dissolved organic carbon density (g/cm3) 1 Invertebrate Omnivore (TL-II) 1.67E-02 mg/kg 80% 20%
Water current - to out of the ZOI (m/h) 926 Invertebrate Forager (TL-III) 3.59E-02 mg/kg 70% 30%
Water current - inside to outside the vessel (m/h) 9.26 Vertebrate Forager (TL-III) 6.47E-02 mg/kg 70% 30%



Predator (TL-IV) 1.11E-01 mg/kg 80% 20%
Benthic Community Lower WC Pore Water



Infaunal invert. (TL-II) 3.18E-05 mg/kg 20% 80%
Epifaunal invert. (TL-II) 8.74E-05 mg/kg 50% 50%
Forager (TL-III) 2.00E-04 mg/kg 75% 25%
Predator (TL-IV) 6.88E-04 mg/kg 90% 10%
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Scenario Run on ZOI = 5



PCB Homolog Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Molecular Weight (g/mol) 1.89E+02 2.23E+02 2.58E+02 2.92E+02 3.26E+02 3.61E+02 3.95E+02 4.30E+02 4.64E+02 4.99E+02
Solubility (mg/L) 2.91E+00 6.78E-01 8.14E-02 6.67E-02 2.61E-02 9.50E-04 2.30E-04 2.11E-08 4.02E-09 1.69E-10
Solubility (mol/m3) 1.54E-02 3.04E-03 3.16E-04 2.28E-04 8.00E-05 2.63E-06 5.82E-07 4.91E-11 8.65E-12 3.38E-13
Vapor Pressure (Pa) 6.32E-01 1.41E-01 5.11E-02 2.08E-02 2.96E-03 3.43E-03 2.56E-04 8.65E-05 2.77E-05 1.41E-05
Henry's (Pa-m3/mol) 4.10E+01 4.65E+01 1.62E+02 9.10E+01 3.70E+01 1.30E+03 4.40E+02 1.76E+06 3.20E+06 4.18E+07
log10Kow = 4.47 5.24 5.52 5.92 6.50 6.98 7.19 7.70 8.35 9.60
log10Koc = 3.66 4.06 4.63 4.65 4.94 6.08 6.34 6.46 6.97 7.94
log10Kdoc = 3.34 4.11 4.39 4.79 5.51 5.85 6.06 6.57 7.22 8.47
Chemical emission rate (g/day) 1.37E-05 1.12E-01 9.95E-03 1.69E-01 3.20E-01 7.57E-02 7.37E-02 0.00E+00 8.28E-04 4.62E-04
Chemical emission rate (mol/hr) 3.03E-09 2.09E-05 1.61E-06 2.42E-05 4.08E-05 8.74E-06 7.77E-06 0.00E+00 7.43E-08 3.86E-08
Biodegradation in sediment (1/hr) 0 0 0 0 0 0 0 0 0 0
Biodegradation in water (1/hr) 0 0 0 0 0 0 0 0 0 0



Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint



Fraction PCB in Material (wt/wt) 0.0000314 0.000103 0.76% 0.0000529 0.00185 0.000537 0.00002
Material Mass Onboard (kg) 1459 0 0 5397 296419 14379 386528
Total PCBs (kg) 0.0458126 0 0 0.2855013 548.37515 7.721523 7.73056
Total PCB Release rate (ng/g-PCB per day) 1.58E+03 2.20E+03 2.62E+00 1.58E+03 2.79E+02 6.76E+04 1.11E+04



Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint



Monochlorobiphenyl 4.14E+01 3.47E+01 0.00E+00 4.14E+01 0.00E+00 0.00E+00 0.00E+00
Dichlorobiphenyl 1.27E+03 1.72E+02 3.08E-02 1.27E+03 2.03E+02 5.36E+00 0.00E+00
Trichlorobiphenyl 5.66E+01 8.97E+01 7.63E-02 5.66E+01 1.14E+00 9.44E+02 2.61E+02
Tetrachlorobiphenyl 1.44E+02 1.08E+03 1.29E+00 1.44E+02 1.57E+01 2.07E+04 1.23E+02
Pentachlorobiphenyl 6.31E+01 6.60E+02 3.90E-02 6.31E+01 1.80E+01 3.79E+04 2.24E+03
Hexachlorobiphenyl 0.00E+00 9.42E+01 5.34E-01 0.00E+00 2.41E+01 6.76E+03 1.33E+03
Heptachlorobiphenyl 5.04E+00 7.17E+01 6.46E-01 5.04E+00 1.47E+01 1.30E+03 7.19E+03
Octachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonachlorobiphenyl 0.00E+00 0.00E+00 1.72E-03 0.00E+00 1.51E+00 0.00E+00 0.00E+00
Decachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.43E-01 0.00E+00 0.00E+00
Total 1.58E+03 2.20E+03 2.62E+00 1.58E+03 2.79E+02 6.76E+04 1.11E+04



Release Rates in nanograms PCB per Day Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint Total



Monochlorobiphenyl 1.90E+03 0.00E+00 0.00E+00 1.18E+04 0.00E+00 0.00E+00 0.00E+00 1.37E+04
Dichlorobiphenyl 5.80E+04 0.00E+00 0.00E+00 3.62E+05 1.11E+08 4.14E+04 0.00E+00 1.12E+08
Trichlorobiphenyl 2.59E+03 0.00E+00 0.00E+00 1.62E+04 6.25E+05 7.29E+06 2.02E+06 9.95E+06
Tetrachlorobiphenyl 6.60E+03 0.00E+00 0.00E+00 4.11E+04 8.61E+06 1.60E+08 9.51E+05 1.69E+08
Pentachlorobiphenyl 2.89E+03 0.00E+00 0.00E+00 1.80E+04 9.87E+06 2.93E+08 1.73E+07 3.20E+08
Hexachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.32E+07 5.22E+07 1.03E+07 7.57E+07
Heptachlorobiphenyl 2.31E+02 0.00E+00 0.00E+00 1.44E+03 8.06E+06 1.01E+07 5.56E+07 7.37E+07
Octachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.28E+05 0.00E+00 0.00E+00 8.28E+05
Decachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.62E+05 0.00E+00 0.00E+00 4.62E+05
Total 7.23E+04 0.00E+00 0.00E+00 4.50E+05 1.53E+08 5.22E+08 8.62E+07 7.62E+08



Air Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 4.65E-20 2.86E-16 1.89E-17 2.52E-16 2.76E-16 9.75E-18 3.48E-18 0.00E+00 1.23E-21 3.97E-24
Air concentration (g/m3) 3.58E-21 2.60E-17 1.98E-18 3.00E-17 3.67E-17 1.43E-18 5.60E-19 0.00E+00 2.33E-22 8.06E-25



Upper Water Column Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 6.12E-18 4.63E-14 1.12E-14 9.04E-14 4.32E-14 5.50E-14 6.95E-15 0.00E+00 1.94E-14 8.44E-16
Water concentration (mg/L) 2.82E-17 2.22E-13 1.79E-14 2.90E-13 3.81E-13 1.52E-14 6.24E-15 0.00E+00 2.81E-18 1.01E-20
Suspended solids concentration (mg/kg) 1.95E-14 3.80E-10 1.13E-10 1.96E-09 4.92E-09 2.75E-09 2.05E-09 0.00E+00 3.89E-12 1.32E-13
Dissolved organic carbon  (mg/kg) 6.21E-14 2.83E-09 4.39E-10 1.79E-08 1.24E-07 1.07E-08 7.15E-09 0.00E+00 4.67E-11 2.99E-12



Lower Water Column Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 1.37E-14 1.05E-10 2.67E-11 2.21E-10 1.27E-10 3.92E-10 7.63E-11 0.00E+00 1.06E-09 5.78E-10
Water concentration (mg/L) 6.28E-14 5.03E-10 4.26E-11 7.08E-10 1.11E-09 1.08E-10 6.85E-11 0.00E+00 1.54E-13 6.89E-15
Suspended solids concentration (mg/kg) 4.34E-11 8.62E-07 2.69E-07 4.79E-06 1.44E-05 1.96E-05 2.25E-05 0.00E+00 2.13E-07 9.01E-08
Dissolved organic carbon  (mg/kg) 1.38E-10 6.41E-06 1.05E-06 4.38E-05 3.63E-04 7.60E-05 7.85E-05 0.00E+00 2.56E-06 2.04E-06



Inside the Vessel Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 9.67E-12 7.43E-08 1.89E-08 1.56E-07 8.96E-08 2.77E-07 5.40E-08 0.00E+00 7.51E-07 4.09E-07
Water concentration (mg/L) 4.45E-11 3.57E-07 3.02E-08 5.02E-07 7.90E-07 7.68E-08 4.85E-08 0.00E+00 1.09E-10 4.88E-12
Suspended solids concentration (mg/kg) 3.07E-08 6.11E-04 1.91E-04 3.39E-03 1.02E-02 1.39E-02 1.59E-02 0.00E+00 1.51E-04 6.38E-05
Dissolved organic carbon  (mg/kg) 9.80E-08 4.54E-03 7.41E-04 3.10E-02 2.57E-01 5.38E-02 5.56E-02 0.00E+00 1.81E-03 1.45E-03



Sediment Bed Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 1.37E-14 1.05E-10 2.67E-11 2.21E-10 1.27E-10 3.92E-10 7.63E-11 0.00E+00 1.06E-09 5.78E-10
Pore Water concentration (mg/L) 6.28E-14 5.03E-10 4.26E-11 7.08E-10 1.11E-09 1.08E-10 6.85E-11 0.00E+00 1.54E-13 6.89E-15
Sediment concentration  (mg/kg) 2.89E-12 5.75E-08 1.80E-08 3.19E-07 9.60E-07 1.30E-06 1.50E-06 0.00E+00 1.42E-08 6.01E-09



Bioenergetic Inputs



Species Body Weight Lipid Moisture Caloric 
Density GE to ME Met Energy Caloric 



Density Production Respiration Excretion Caloric 
Density Met Energy



(kg) (%-dw) (%) (kcal/g-dry 
weight) Fraction  (kcal/kg-lipid)  (kcal/kg-lipid)  (% of total)  (% of total)  (% of total) (kcal/g-wt 



weight)
 (kcal/g-wt 



weight)
Pelagic Community
Phytoplankton (TL-I) Algae 10% 84% 2.36 0.6 13748 22913 0.3776 0.22656
Zooplankton (TL-II) copepods 0.000005 22% 76% 3.6 0.65 10636 16364 18% 24% 58% 0.864 0.5616
Planktivore (TL-III) herring 0.05 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Piscivore (TL-IV) jack 0.5 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Reef / Vessel Community
Attached Algae (TL-I) Algae 10% 84% 2.36 0.6 13748 22913 0.3776 0.22656
Sessile filter feeder (TL-II) bivalves (w/o shell) 0.05 5% 82% 4.6 0.65 59800 92000 28% 31% 41% 0.828 0.5382
Invertebrate Omnivore (TL-II) urchin 0.05 29% 82% 4.6 0.65 10310 15862 7% 25% 68% 0.828 0.5382
Invertebrate Forager (TL-III) crab 1 9% 74% 2.7 0.65 19118 29412 28% 59% 13% 0.702 0.4563
Vertebrate Forager (TL-III) triggerfish 1 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Predator (TL-IV) grouper 1.5 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 0.2 0.14
Benthic Community
Infaunal invert. (TL-II) polychaete 0.01 6% 84% 4.6 0.65 50000 76923 71% 26% 3% 0.736 0.4784
Epifaunal invert. (TL-II) nematode 0.01 6% 82% 4.6 0.65 50000 76923 31% 19% 50% 0.828 0.5382
Forager (TL-III) lobster 2 9% 74% 2.7 0.65 19118 29412 28% 59% 13% 0.702 0.4563
Predator (TL-IV) flounder 3 22% 75% 4.9 0.7 15591 22273 20% 60% 20% 1.225 0.8575



Bioenergetic Inputs Resp. Rate Resp. Rate Consumption Growth Rate Consumption Consumption
1 gO2 kcal 1 g-wt weight kcal As a % of



Pelagic Community day kg-lipid-day kg-lipid-day day g-wt weight-d-wet weight-da body weight
Phytoplankton (TL1) Algae
Zooplankton (TL-II) copepods 0.006375522 0 0.039935335 0.015425453 84.24400867 1286.168071 0.014147849 0.32636028 0.06790967 32.6%
Planktivore (TL-III) herring 0.0033 -0.227 0.0548 0.004949927 21.1649 129.2512977 0.001482433 0.01616792 0.0090799 1.6%
Piscivore (TL-IV) jack 0.001118602 -0.55 0.12 0.000630951 2.697821256 16.47524431 0.000188961 0.00139796 0.00115739 0.1%
Reef / Vessel Community
Attached Algae Algae
Sessile filter feeder (TL-II) bivalves (w/o shell) 0.012 0 0.036 0.024213411 581.8482643 6877.300342 0.020930914 0.24377539 0.0618957 24.4%
Invertibrate Omnivore (TL-II) urchin 0.000675466 0 0.079181846 0.003163548 13.1069075 192.1012396 0.000847751 0.03471132 0.01002768 3.5%
Invertibrate Forager (TL-III) crab 0.001158234 0 0.071193202 0.004642088 60.75673491 377.3221989 0.003592107 0.01678102 0.00900593 1.7%
Vertibrate Forager (TL-III) triggerfish 0.015181024 -0.415 0.061 0.002837229 12.13142452 74.08503521 0.00084971 0.00907693 0.00520447 0.9%
Predator (TL-IV) grouper 0.00279 -0.355 0.0811 0.001011362 4.324384181 26.40845301 0.000302889 0.00264734 0.00185519 0.3%
Benthic Community
Infaunal invert. (TL-II) polychaete 0.001682129 0 0.071034762 0.006721006 135.0382801 1903.064429 0.017565285 0.09800757 0.01820852 9.8%
Epifaunal invert. (TL-II) nematode 0.001682129 0 0.071034762 0.006721006 135.0382801 2604.19343 0.0104949 0.09262416 0.02803154 9.3%
Forager (TL-III) lobster 0.0035 -0.13 0.066 0.00471923 61.76639253 383.5925529 0.003651801 0.01899736 0.00915559 1.9%
Predator (TL-IV) flounder 0.0046 -0.24 0.067 0.002486878 13.58174479 82.94195291 0.000744785 0.00974341 0.00456181 1.0%
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Supplemental Information



Dietary Preferences



Suspended Solids
(Epilimnion)



Suspended 
Solids



(Hypolimnion)
Sediment Phytoplankton Zooplankton Pelagic 



Plankitivore
Attached 



Algae
Reef Sessile 
Filter Feeder



Invertebrate 
Omnivore



Reef
Invertebrate



Forager



Reef
Vertebrate



Forager



Infaunal 
Benthos



Epifaunal 
Benthos



Benthic 
Forager



Pelagic Community
Phytoplankton (TL1)
Zooplankton (TL-II) 15% 15% 70%
Planktivore (TL-III) 100%
Piscivore (TL-IV) 10% 90%
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) 10% 80% 10%
Invertebrate Omnivore (TL-II) 80% 20%
Invertebrate Forager (TL-III) 5% 5% 5% 35% 50%
Vertebrate Forager (TL-III) 19% 19% 15% 22% 12.5% 12.5%
Predator (TL-IV) 15% 60% 8% 8% 8%
Benthic Community
Infaunal invert. (TL-II) 50% 30% 20%
Epifaunal invert. (TL-II) 25% 30% 20% 25%
Forager (TL-III) 5% 50% 45%
Predator (TL-IV) 2% 20% 20% 58%



Water Exposures



Upper Water 
Column



Lower Water
Column Vessel Interior Sediment Pore



Water
GE ME ME as kcal/g-ww



Pelagic Community Sediment (kcal/kg-oc) 11456 6873.6 0.6 0.01099776
Phytoplankton (TL1) Algae 100% Suspended Sediment (kcal/kg-oc) 11456 6873.6 0.6 0.1649664
Zooplankton (TL-II) copepods 50% 50%
Planktivore (TL-III) herring 80% 20%
Piscivore (TL-IV) jack 80% 20%
Reef / Vessel Community
Attached Algae Algae 100%
Sessile filter feeder (TL-II) bivalves (w/o shell) 100%
Invertebrate Omnivore (TL-II) urchin 80% 20%
Invertebrate Forager (TL-III) crab 70% 30%
Vertebrate Forager (TL-III) triggerfish 70% 30%
Predator (TL-IV) grouper 80% 20%
Benthic Community
Infaunal invert. (TL-II) polychaete 20% 80%
Epifaunal invert. (TL-II) nematode 50% 50%
Forager (TL-III) lobster 75% 25%
Predator (TL-IV) flounder 90% 10%



Respiratory Efficiencies Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Low body weight (<100g) 4.335E-01 8.000E-01 8.000E-01 8.000E-01 4.492E-01 2.582E-01 2.018E-01 1.127E-01 5.303E-02 1.255E-02
High body weight (>100g) 5.000E-01 5.000E-01 5.000E-01 5.000E-01 3.769E-01 2.857E-01 2.526E-01 1.888E-01 1.295E-01 6.299E-02
Dietary Assimilation Efficiencies 27% 46% 53% 62% 69% 69% 68% 59% 44% 16%



Tissue Conc. (mg/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 8.387E-13 2.222E-08 1.787E-09 2.899E-08 3.807E-08 1.523E-09 6.239E-10 0.000E+00 2.811E-13 1.007E-15
Zooplankton (TL-II) 4.231E-09 1.571E-04 1.585E-05 2.991E-04 2.967E-04 4.244E-05 3.776E-05 0.000E+00 1.893E-07 2.799E-08
Planktivore (TL-III) 9.564E-10 1.331E-04 2.426E-05 8.873E-04 1.581E-03 2.488E-04 2.158E-04 0.000E+00 7.140E-07 3.758E-08
Piscivore (TL-IV) 2.501E-10 2.346E-05 6.441E-06 5.183E-04 2.772E-03 7.462E-04 7.296E-04 0.000E+00 2.131E-06 4.648E-08
Reef / Vessel Community
Attached Algae 1.870E-09 5.035E-05 4.260E-06 7.080E-05 1.115E-04 1.084E-05 6.847E-06 0.000E+00 1.540E-08 6.887E-10
Sessile filter feeder (TL-II) 6.022E-08 2.031E-03 2.006E-04 3.773E-03 3.652E-03 3.235E-04 2.342E-04 0.000E+00 7.497E-07 8.135E-08
Invertebrate Omnivore (TL-II) 2.883E-07 2.235E-02 3.298E-03 1.060E-01 1.708E-01 1.202E-02 6.275E-03 0.000E+00 4.231E-06 5.249E-08
Invertebrate Forager (TL-III) 2.186E-06 8.904E-02 1.325E-02 4.464E-01 8.506E-01 6.702E-02 3.707E-02 0.000E+00 4.056E-05 2.689E-06
Vertebrate Forager (TL-III) 2.009E-07 1.406E-02 3.019E-03 1.767E-01 6.272E-01 6.326E-02 3.683E-02 0.000E+00 4.112E-05 1.369E-06
Predator (TL-IV) 1.112E-07 7.216E-03 1.703E-03 1.483E-01 1.143E+00 1.745E-01 1.116E-01 0.000E+00 1.199E-04 2.665E-06
Benthic Community
Infaunal invert. (TL-II) 1.525E-08 5.992E-04 6.227E-05 1.232E-03 1.237E-03 1.132E-04 8.273E-05 0.000E+00 2.309E-07 1.645E-08
Epifaunal invert. (TL-II) 1.892E-08 1.114E-03 1.329E-04 3.008E-03 3.315E-03 3.177E-04 2.345E-04 0.000E+00 5.892E-07 3.231E-08
Forager (TL-III) 1.105E-08 6.101E-04 9.328E-05 2.819E-03 4.201E-03 3.928E-04 2.676E-04 0.000E+00 4.266E-07 9.788E-09
Predator (TL-IV) 9.779E-10 1.627E-04 4.287E-05 2.656E-03 8.002E-03 9.627E-04 6.798E-04 0.000E+00 8.739E-07 1.285E-08



Tissue Conc. (mg/kg-WW) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca Total PCB
Pelagic Community
Phytoplankton (TL1) 1.382E-14 3.661E-10 2.946E-11 4.777E-10 6.275E-10 2.510E-11 1.028E-11 0.000E+00 4.633E-15 1.659E-17 1.536E-09
Zooplankton (TL-II) 2.234E-10 8.295E-06 8.368E-07 1.579E-05 1.567E-05 2.241E-06 1.994E-06 0.000E+00 9.996E-09 1.478E-09 4.484E-05
Planktivore (TL-III) 6.719E-11 9.348E-06 1.704E-06 6.233E-05 1.111E-04 1.748E-05 1.516E-05 0.000E+00 5.016E-08 2.640E-09 2.172E-04
Piscivore (TL-IV) 1.757E-11 1.648E-06 4.525E-07 3.641E-05 1.947E-04 5.242E-05 5.125E-05 0.000E+00 1.497E-07 3.265E-09 3.371E-04
Reef / Vessel Community
Attached Algae 3.082E-11 8.297E-07 7.021E-08 1.167E-06 1.837E-06 1.787E-07 1.128E-07 0.000E+00 2.538E-10 1.135E-11 4.196E-06
Sessile filter feeder (TL-II) 5.420E-10 1.828E-05 1.806E-06 3.395E-05 3.287E-05 2.911E-06 2.108E-06 0.000E+00 6.748E-09 7.322E-10 9.194E-05
Invertebrate Omnivore (TL-II) 1.505E-08 1.167E-03 1.722E-04 5.534E-03 8.918E-03 6.275E-04 3.276E-04 0.000E+00 2.209E-07 2.740E-09 1.675E-02
Invertebrate Forager (TL-III) 5.217E-08 2.125E-03 3.163E-04 1.065E-02 2.030E-02 1.600E-03 8.848E-04 0.000E+00 9.682E-07 6.418E-08 3.588E-02
Vertebrate Forager (TL-III) 1.411E-08 9.880E-04 2.121E-04 1.241E-02 4.406E-02 4.444E-03 2.587E-03 0.000E+00 2.889E-06 9.615E-08 6.471E-02
Predator (TL-IV) 7.809E-09 5.069E-04 1.196E-04 1.042E-02 8.031E-02 1.226E-02 7.840E-03 0.000E+00 8.420E-06 1.872E-07 1.115E-01
Benthic Community
Infaunal invert. (TL-II) 1.460E-10 5.733E-06 5.958E-07 1.179E-05 1.183E-05 1.083E-06 7.915E-07 0.000E+00 2.209E-09 1.574E-10 3.183E-05
Epifaunal invert. (TL-II) 2.037E-10 1.199E-05 1.431E-06 3.238E-05 3.568E-05 3.420E-06 2.525E-06 0.000E+00 6.343E-09 3.478E-10 8.744E-05
Forager (TL-III) 2.636E-10 1.456E-05 2.226E-06 6.728E-05 1.003E-04 9.375E-06 6.388E-06 0.000E+00 1.018E-08 2.336E-10 2.001E-04
Predator (TL-IV) 5.379E-11 8.946E-06 2.358E-06 1.461E-04 4.401E-04 5.295E-05 3.739E-05 0.000E+00 4.806E-08 7.065E-10 6.879E-04



BAFs (L/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Zooplankton (TL-II) 1.347E+05 6.238E+05 7.437E+05 8.446E+05 5.321E+05 7.827E+05 1.103E+06 0.000E+00 2.458E+06 8.127E+06
Planktivore (TL-III) 7.602E+04 1.319E+06 2.842E+06 6.256E+06 7.082E+06 1.146E+07 1.575E+07 0.000E+00 2.317E+07 2.729E+07
Piscivore (TL-IV) 1.988E+04 2.325E+05 7.546E+05 3.654E+06 1.241E+07 3.439E+07 5.326E+07 0.000E+00 6.917E+07 3.375E+07
Reef / Vessel Community
Attached Algae 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Sessile filter feeder (TL-II) 9.590E+05 4.034E+06 4.709E+06 5.328E+06 3.276E+06 2.983E+06 3.420E+06 0.000E+00 4.867E+06 1.181E+07
Invertebrate Omnivore (TL-II) 3.223E+04 3.116E+05 5.434E+05 1.051E+06 1.076E+06 7.781E+05 6.433E+05 0.000E+00 1.928E+05 5.351E+04
Invertebrate Forager (TL-III) 1.633E+05 8.295E+05 1.459E+06 2.957E+06 3.579E+06 2.899E+06 2.540E+06 0.000E+00 1.235E+06 1.831E+06
Vertebrate Forager (TL-III) 1.500E+04 1.310E+05 3.324E+05 1.170E+06 2.639E+06 2.736E+06 2.523E+06 0.000E+00 1.252E+06 9.322E+05
Predator (TL-IV) 1.243E+04 1.006E+05 2.806E+05 1.470E+06 7.197E+06 1.130E+07 1.144E+07 0.000E+00 5.462E+06 2.716E+06
Benthic Community
Infaunal invert. (TL-II) 2.429E+05 1.190E+06 1.462E+06 1.740E+06 1.109E+06 1.044E+06 1.208E+06 0.000E+00 1.499E+06 2.389E+06
Epifaunal invert. (TL-II) 3.013E+05 2.213E+06 3.119E+06 4.248E+06 2.973E+06 2.930E+06 3.425E+06 0.000E+00 3.825E+06 4.691E+06
Forager (TL-III) 1.759E+05 1.212E+06 2.189E+06 3.981E+06 3.768E+06 3.622E+06 3.909E+06 0.000E+00 2.770E+06 1.421E+06
Predator (TL-IV) 1.557E+04 3.231E+05 1.006E+06 3.751E+06 7.177E+06 8.878E+06 9.928E+06 0.000E+00 5.673E+06 1.865E+06



Notes:
Kow = octanol to water partitioning coefficient, Koc = organic carbon partitioning coefficient, Kdoc = dissolved organic carbon partitioning coefficient
TL = trophic level, ww = wet weight
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ZOI = 10
RISK ESTIMATES RME CTE RME CTE RME CTE RME CTE
Benthic fish (flounder) 2.87E-08 2.23E-09 1.68E-03 3.85E-04 8.43E-09 1.71E-09 2.46E-03 4.43E-04
Benthic shellfish (lobster) 8.36E-09 6.47E-10 4.88E-04 1.12E-04 2.45E-09 4.98E-10 7.15E-04 1.29E-04
Pelagic fish (jack) 1.41E-08 1.09E-09 8.21E-04 1.88E-04 4.13E-09 8.38E-10 1.21E-03 2.17E-04
Reef fish TL-IV (grouper) 6.82E-06 5.28E-07 3.98E-01 9.13E-02 2.00E-06 4.06E-07 5.84E-01 1.05E-01
Reef fish TL-III (triggerfish) 3.96E-06 3.07E-07 2.31E-01 5.30E-02 1.16E-06 2.36E-07 3.39E-01 6.11E-02
Reef shellfish (crab) 2.20E-06 1.70E-07 1.28E-01 2.94E-02 6.45E-07 1.31E-07 1.88E-01 3.39E-02
PREDICTED EXPOSURE CONCENTRATIONS (mg/kg in fresh weight)
Benthic fish (flounder) 4.67E-04
Benthic shellfish (lobster) 1.36E-04
Pelagic fish (jack) 2.29E-04
Reef fish TL-IV (grouper) 1.11E-01
Reef fish TL-III (triggerfish) 6.44E-02
Reef shellfish (crab) 3.57E-02



RISK INPUTS - Adult RME CTE RISK INPUTS - Child RME CTE
Body Weight (BWc) (kg) 70 70 Body Weight (BWc) (kg) 15 15
Ingestion Rate (IRc) (kg/day) 0.0261 0.0072 Ingestion Rate (IRc) (kg/day) 0.0092916 0.0025632
Exposure Duration (EDc) (years) 24 3 Exposure Duration (EDc) (years) 6 6
Exposure Frequency (EFc) (days) 365 365 Exposure Frequency (EFc) (days) 365 365
Averaging Time for cancer (ATc) 25550 25550 Averaging Time for cancer (ATc) 25550 25550
Slope Factor (mg/kg-day) 2 1 Slope Factor (mg/kg-day) 2 1
Reference dose for PCBs (RfD) (mg/kg-day) 0.00002 0.000045 Reference dose for PCBs (RfD) (mg/kg-day) 0.00002 0.000045
Averaging Time for noncancer (ATnc-child) 8.76E+03 1.10E+03 Averaging Time for noncancer (ATnc-child) 2.19E+03 2.19E+03
Fractional Ingestion factor (FI) 0.17 0.25 Fractional Ingestion factor (FI) 0.17 0.25



Child - Adult IR scaling factor



Zone of Influence Multiplier 10
Scenario run on



PCB-LADEN MATERIAL INPUTS Fraction Release kg Material PCB Release Ex-Oriskany CV34
PCB Rate (ng/g-d) Onboard (ng/day) Ex-Oriskany CV34 27100



Ventilation Gaskets 3.14E-05 1.58E+03 1.46E+03 7.23E+04 Length (ft) 888
Lubricants 1.03E-04 2.20E+03 0.00E+00 0.00E+00 Beam (ft) 120
Foam Rubber Material 0.76% 2.62E+00 0.00E+00 0.00E+00
Black Rubber Material 5.29E-05 1.58E+03 5.40E+03 4.50E+05
Electrical Cable 1.85E-03 2.79E+02 2.96E+05 1.53E+08
Bulkhead Insulation Material 5.37E-04 6.76E+04 1.44E+04 5.22E+08
Aluminum Paint 2.00E-05 1.11E+04 3.87E+05 8.62E+07
Total 7.62E+08



ZOI = 10



7.78E+04 m2
3.00E-02 mile2



A 1.00E+01 m
B 1.50E+01 m
C 5.00E+01 m
D 1.00E-01 m
E 4.53E+02 m
F 2.19E+02 m



Air Column
Air 7.78E+05 m3



Upper Water Column
Water 1.17E+06 m3
TSS 7.78E+00 m3



Lower Water Column
Water 3.83E+06 m3
TSS 2.56E+01 m3



Inside Vessel
Water 5.38E+04 m3
TSS 3.59E-01 m3



Sediment Bed
Sediment 7.00E+03 m3



Abiotic Inputs Total PCB concentrations
Air Column Air Column



Active air space height above water column (m) 10 Air 1.31E-16 g/m3
Air current (m/h) 13677 Upper Water Column



Upper Water Column Freely dissolved in water 8.95E-13 mg/L
Temperature (oC) 24.5 Suspended solids 1.17E-08 mg/kg
Water depth (m) 15 Dissolved organic carbon 1.57E-07 mg/kg
Total suspended solids (mg/L) 10 Lower Water Column
Dissolved organic carbon (mg/L) 0.6 Freely dissolved in water 1.73E-09 mg/L
Dissolved oxygen (mg/L) 6.12 Suspended solids 4.25E-05 mg/kg



Lower Water Column Dissolved organic carbon 3.90E-04 mg/kg
Temperature (oC) 19.5 Inside Vessel
Water depth (m) 50 Freely dissolved in water 1.80E-06 mg/L
Total suspended solids (mg/L) 10 Suspended solids 4.44E-02 mg/kg
Dissolved organic carbon (mg/L) 0.6 Dissolved organic carbon 4.06E-01 mg/kg
Dissolved oxygen (mg/L) 4.59 Sediment Bed



Inside Vessel Freely dissolved in pore water 1.73E-09 mg/L
Temperature (oC) 19.5 Bedded sediment 2.84E-06 mg/kg
Total suspended solids (mg/L) 10 Dissolved organic carbon in pore water 3.90E-04 mg/kg
Dissolved organic carbon (mg/L) 0.6 Total PCB concentrations in biota
Dissolved oxygen (mg/L) 4.59 Pelagic Community Upper WC Lower WC



Sediment Bed Phytoplankton (TL-I) 1.47E-09 mg/kg 100% 0%
Sediment density (g/cm3) 1.5 Zooplankton (TL-II) 3.05E-05 mg/kg 50% 50%
Active sediment depth (m) 0.1 Planktivore (TL-III) 1.47E-04 mg/kg 80% 20%
Sediment fraction organic carbon 0.01 Piscivore (TL-IV) 2.29E-04 mg/kg 80% 20%



All Regions Reef / Vessel Community Lower WC Vessel Int.
Suspended solids density (g/cm3) 1.5 Attached Algae (TL-I) 2.85E-06 mg/kg 100% 0%
Suspended solids fraction organic carbon 0.15 Sessile filter feeder (TL-II) 6.24E-05 mg/kg 100% 0%
Dissolved organic carbon density (g/cm3) 1 Invertebrate Omnivore (TL-II) 1.67E-02 mg/kg 80% 20%
Water current - to out of the ZOI (m/h) 926 Invertebrate Forager (TL-III) 3.57E-02 mg/kg 70% 30%
Water current - inside to outside the vessel (m/h) 9.26 Vertebrate Forager (TL-III) 6.44E-02 mg/kg 70% 30%



Predator (TL-IV) 1.11E-01 mg/kg 80% 20%
Benthic Community Lower WC Pore Water



Infaunal invert. (TL-II) 2.16E-05 mg/kg 20% 80%
Epifaunal invert. (TL-II) 5.94E-05 mg/kg 50% 50%
Forager (TL-III) 1.36E-04 mg/kg 75% 25%
Predator (TL-IV) 4.67E-04 mg/kg 90% 10%



Percent Exposures



Spatial Footprint on Ocean Floor



RISK ESTIMATES FOR Ex-Oriskany CV34



Volumes



Cancer Risk Adult & Child Hazard Adult & Child Cancer Risk Child Hazard Child



0.356



PCB MODELING RESULTS - PROSPECTIVE RISK EVALUATION 



Modeled Dimensions
Outside the Vessel
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Scenario Run on ZOI=10



PCB Homolog Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Molecular Weight (g/mol) 1.89E+02 2.23E+02 2.58E+02 2.92E+02 3.26E+02 3.61E+02 3.95E+02 4.30E+02 4.64E+02 4.99E+02
Solubility (mg/L) 2.91E+00 6.78E-01 8.14E-02 6.67E-02 2.61E-02 9.50E-04 2.30E-04 2.11E-08 4.02E-09 1.69E-10
Solubility (mol/m3) 1.54E-02 3.04E-03 3.16E-04 2.28E-04 8.00E-05 2.63E-06 5.82E-07 4.91E-11 8.65E-12 3.38E-13
Vapor Pressure (Pa) 6.32E-01 1.41E-01 5.11E-02 2.08E-02 2.96E-03 3.43E-03 2.56E-04 8.65E-05 2.77E-05 1.41E-05
Henry's (Pa-m3/mol) 4.10E+01 4.65E+01 1.62E+02 9.10E+01 3.70E+01 1.30E+03 4.40E+02 1.76E+06 3.20E+06 4.18E+07
log10Kow = 4.47 5.24 5.52 5.92 6.50 6.98 7.19 7.70 8.35 9.60
log10Koc = 3.66 4.06 4.63 4.65 4.94 6.08 6.34 6.46 6.97 7.94
log10Kdoc = 3.34 4.11 4.39 4.79 5.51 5.85 6.06 6.57 7.22 8.47
Chemical emission rate (g/day) 1.37E-05 1.12E-01 9.95E-03 1.69E-01 3.20E-01 7.57E-02 7.37E-02 0.00E+00 8.28E-04 4.62E-04
Chemical emission rate (mol/hr) 3.03E-09 2.09E-05 1.61E-06 2.42E-05 4.08E-05 8.74E-06 7.77E-06 0.00E+00 7.43E-08 3.86E-08
Biodegradation in sediment (1/hr) 0 0 0 0 0 0 0 0 0 0
Biodegradation in water (1/hr) 0 0 0 0 0 0 0 0 0 0



Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint



Fraction PCB in Material (wt/wt) 0.0000314 0.000103 0.76% 0.0000529 0.00185 0.000537 0.00002
Material Mass Onboard (kg) 1459 0 0 5397 296419 14379 386528
Total PCBs (kg) 0.0458126 0 0 0.2855013 548.37515 7.721523 7.73056
Total PCB Release rate (ng/g-PCB per day) 1.58E+03 2.20E+03 2.62E+00 1.58E+03 2.79E+02 6.76E+04 1.11E+04



Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint



Monochlorobiphenyl 4.14E+01 3.47E+01 0.00E+00 4.14E+01 0.00E+00 0.00E+00 0.00E+00
Dichlorobiphenyl 1.27E+03 1.72E+02 3.08E-02 1.27E+03 2.03E+02 5.36E+00 0.00E+00
Trichlorobiphenyl 5.66E+01 8.97E+01 7.63E-02 5.66E+01 1.14E+00 9.44E+02 2.61E+02
Tetrachlorobiphenyl 1.44E+02 1.08E+03 1.29E+00 1.44E+02 1.57E+01 2.07E+04 1.23E+02
Pentachlorobiphenyl 6.31E+01 6.60E+02 3.90E-02 6.31E+01 1.80E+01 3.79E+04 2.24E+03
Hexachlorobiphenyl 0.00E+00 9.42E+01 5.34E-01 0.00E+00 2.41E+01 6.76E+03 1.33E+03
Heptachlorobiphenyl 5.04E+00 7.17E+01 6.46E-01 5.04E+00 1.47E+01 1.30E+03 7.19E+03
Octachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonachlorobiphenyl 0.00E+00 0.00E+00 1.72E-03 0.00E+00 1.51E+00 0.00E+00 0.00E+00
Decachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.43E-01 0.00E+00 0.00E+00
Total 1.58E+03 2.20E+03 2.62E+00 1.58E+03 2.79E+02 6.76E+04 1.11E+04



Release Rates in nanograms PCB per Day Ventilation 
Gaskets Lubricants Foam Rubber 



Material
Black Rubber 



Material
Electrical 



Cable



Bulkhead 
Insulation 
Material



Aluminized 
Paint Total



Monochlorobiphenyl 1.90E+03 0.00E+00 0.00E+00 1.18E+04 0.00E+00 0.00E+00 0.00E+00 1.37E+04
Dichlorobiphenyl 5.80E+04 0.00E+00 0.00E+00 3.62E+05 1.11E+08 4.14E+04 0.00E+00 1.12E+08
Trichlorobiphenyl 2.59E+03 0.00E+00 0.00E+00 1.62E+04 6.25E+05 7.29E+06 2.02E+06 9.95E+06
Tetrachlorobiphenyl 6.60E+03 0.00E+00 0.00E+00 4.11E+04 8.61E+06 1.60E+08 9.51E+05 1.69E+08
Pentachlorobiphenyl 2.89E+03 0.00E+00 0.00E+00 1.80E+04 9.87E+06 2.93E+08 1.73E+07 3.20E+08
Hexachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.32E+07 5.22E+07 1.03E+07 7.57E+07
Heptachlorobiphenyl 2.31E+02 0.00E+00 0.00E+00 1.44E+03 8.06E+06 1.01E+07 5.56E+07 7.37E+07
Octachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nonachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.28E+05 0.00E+00 0.00E+00 8.28E+05
Decachlorobiphenyl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.62E+05 0.00E+00 0.00E+00 4.62E+05
Total 7.23E+04 0.00E+00 0.00E+00 4.50E+05 1.53E+08 5.22E+08 8.62E+07 7.62E+08



Air Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 6.30E-20 3.88E-16 2.56E-17 3.42E-16 3.74E-16 1.32E-17 4.72E-18 0.00E+00 1.68E-21 5.39E-24
Air concentration (g/m3) 4.84E-21 3.52E-17 2.69E-18 4.07E-17 4.97E-17 1.95E-18 7.60E-19 0.00E+00 3.17E-22 1.10E-24



Upper Water Column Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 5.87E-18 4.44E-14 1.08E-14 8.67E-14 4.15E-14 5.28E-14 6.67E-15 0.00E+00 1.86E-14 8.11E-16
Water concentration (mg/L) 2.70E-17 2.13E-13 1.72E-14 2.78E-13 3.65E-13 1.46E-14 5.99E-15 0.00E+00 2.70E-18 9.67E-21
Suspended solids concentration (mg/kg) 1.87E-14 3.65E-10 1.09E-10 1.88E-09 4.72E-09 2.64E-09 1.97E-09 0.00E+00 3.74E-12 1.27E-13
Dissolved organic carbon  (mg/kg) 5.96E-14 2.72E-09 4.21E-10 1.72E-08 1.19E-07 1.02E-08 6.87E-09 0.00E+00 4.48E-11 2.87E-12



Lower Water Column Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 9.27E-15 7.12E-11 1.82E-11 1.50E-10 8.59E-11 2.66E-10 5.18E-11 0.00E+00 7.20E-10 3.92E-10
Water concentration (mg/L) 4.26E-14 3.42E-10 2.89E-11 4.81E-10 7.57E-10 7.36E-11 4.65E-11 0.00E+00 1.05E-13 4.68E-15
Suspended solids concentration (mg/kg) 2.95E-11 5.85E-07 1.83E-07 3.25E-06 9.78E-06 1.33E-05 1.53E-05 0.00E+00 1.45E-07 6.12E-08
Dissolved organic carbon  (mg/kg) 9.40E-11 4.36E-06 7.10E-07 2.97E-05 2.47E-04 5.16E-05 5.33E-05 0.00E+00 1.74E-06 1.39E-06



Inside the Vessel Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 9.67E-12 7.43E-08 1.89E-08 1.56E-07 8.96E-08 2.77E-07 5.40E-08 0.00E+00 7.51E-07 4.09E-07
Water concentration (mg/L) 4.45E-11 3.57E-07 3.02E-08 5.02E-07 7.90E-07 7.68E-08 4.85E-08 0.00E+00 1.09E-10 4.88E-12
Suspended solids concentration (mg/kg) 3.07E-08 6.11E-04 1.91E-04 3.39E-03 1.02E-02 1.39E-02 1.59E-02 0.00E+00 1.51E-04 6.38E-05
Dissolved organic carbon  (mg/kg) 9.80E-08 4.54E-03 7.41E-04 3.10E-02 2.57E-01 5.38E-02 5.56E-02 0.00E+00 1.81E-03 1.45E-03



Sediment Bed Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Fugacity (Pa) 9.27E-15 7.12E-11 1.82E-11 1.50E-10 8.59E-11 2.66E-10 5.18E-11 0.00E+00 7.20E-10 3.92E-10
Pore Water concentration (mg/L) 4.26E-14 3.42E-10 2.89E-11 4.81E-10 7.57E-10 7.36E-11 4.65E-11 0.00E+00 1.05E-13 4.68E-15
Sediment concentration  (mg/kg) 1.96E-12 3.90E-08 1.22E-08 2.17E-07 6.52E-07 8.85E-07 1.02E-06 0.00E+00 9.66E-09 4.08E-09



Bioenergetic Inputs



Species Body Weight Lipid Moisture Caloric 
Density GE to ME Met Energy Caloric 



Density Production Respiration Excretion Caloric 
Density Met Energy



(kg) (%-dw) (%) (kcal/g-dry 
weight) Fraction  (kcal/kg-lipid)  (kcal/kg-lipid)  (% of total)  (% of total)  (% of total) (kcal/g-wt 



weight)
 (kcal/g-wt 



weight)
Pelagic Community
Phytoplankton (TL-I) Algae 10% 84% 2.36 0.6 13748 22913 0.3776 0.22656
Zooplankton (TL-II) copepods 0.000005 22% 76% 3.6 0.65 10636 16364 18% 24% 58% 0.864 0.5616
Planktivore (TL-III) herring 0.05 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Piscivore (TL-IV) jack 0.5 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Reef / Vessel Community
Attached Algae (TL-I) Algae 10% 84% 2.36 0.6 13748 22913 0.3776 0.22656
Sessile filter feeder (TL-II) bivalves (w/o shell) 0.05 5% 82% 4.6 0.65 59800 92000 28% 31% 41% 0.828 0.5382
Invertebrate Omnivore (TL-II) urchin 0.05 29% 82% 4.6 0.65 10310 15862 7% 25% 68% 0.828 0.5382
Invertebrate Forager (TL-III) crab 1 9% 74% 2.7 0.65 19118 29412 28% 59% 13% 0.702 0.4563
Vertebrate Forager (TL-III) triggerfish 1 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 1.225 0.8575
Predator (TL-IV) grouper 1.5 28% 75% 4.9 0.7 12206 17438 20% 60% 20% 0.2 0.14
Benthic Community
Infaunal invert. (TL-II) polychaete 0.01 6% 84% 4.6 0.65 50000 76923 71% 26% 3% 0.736 0.4784
Epifaunal invert. (TL-II) nematode 0.01 6% 82% 4.6 0.65 50000 76923 31% 19% 50% 0.828 0.5382
Forager (TL-III) lobster 2 9% 74% 2.7 0.65 19118 29412 28% 59% 13% 0.702 0.4563
Predator (TL-IV) flounder 3 22% 75% 4.9 0.7 15591 22273 20% 60% 20% 1.225 0.8575



Bioenergetic Inputs Resp. Rate Resp. Rate Consumption Growth Rate Consumption Consumption
1 gO2 kcal 1 g-wt weight kcal As a % of



Pelagic Community day kg-lipid-day kg-lipid-day day g-wt weight-d-wet weight-da body weight
Phytoplankton (TL1) Algae
Zooplankton (TL-II) copepods 0.006375522 0 0.039935335 0.015425453 84.24400867 1286.168071 0.014147849 0.32636028 0.06790967 32.6%
Planktivore (TL-III) herring 0.0033 -0.227 0.0548 0.004949927 21.1649 129.2512977 0.001482433 0.01616792 0.0090799 1.6%
Piscivore (TL-IV) jack 0.001118602 -0.55 0.12 0.000630951 2.697821256 16.47524431 0.000188961 0.00139796 0.00115739 0.1%
Reef / Vessel Community
Attached Algae Algae
Sessile filter feeder (TL-II) bivalves (w/o shell) 0.012 0 0.036 0.024213411 581.8482643 6877.300342 0.020930914 0.24377539 0.0618957 24.4%
Invertibrate Omnivore (TL-II) urchin 0.000675466 0 0.079181846 0.003163548 13.1069075 192.1012396 0.000847751 0.03471132 0.01002768 3.5%
Invertibrate Forager (TL-III) crab 0.001158234 0 0.071193202 0.004642088 60.75673491 377.3221989 0.003592107 0.01678102 0.00900593 1.7%
Vertibrate Forager (TL-III) triggerfish 0.015181024 -0.415 0.061 0.002837229 12.13142452 74.08503521 0.00084971 0.00907693 0.00520447 0.9%
Predator (TL-IV) grouper 0.00279 -0.355 0.0811 0.001011362 4.324384181 26.40845301 0.000302889 0.00264734 0.00185519 0.3%
Benthic Community
Infaunal invert. (TL-II) polychaete 0.001682129 0 0.071034762 0.006721006 135.0382801 1903.064429 0.017565285 0.09800757 0.01820852 9.8%
Epifaunal invert. (TL-II) nematode 0.001682129 0 0.071034762 0.006721006 135.0382801 2604.19343 0.0104949 0.09262416 0.02803154 9.3%
Forager (TL-III) lobster 0.0035 -0.13 0.066 0.00471923 61.76639253 383.5925529 0.003651801 0.01899736 0.00915559 1.9%
Predator (TL-IV) flounder 0.0046 -0.24 0.067 0.002486878 13.58174479 82.94195291 0.000744785 0.00974341 0.00456181 1.0%
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PCB MODELING RESULTS - PROSPECTIVE RISK EVALUATION 
RISK ESTIMATES FOR Ex-Oriskany CV34



Supplemental Information



Dietary Preferences



Suspended Solids
(Epilimnion)



Suspended 
Solids



(Hypolimnion)
Sediment Phytoplankton Zooplankton Pelagic 



Plankitivore
Attached 



Algae
Reef Sessile 
Filter Feeder



Invertebrate 
Omnivore



Reef
Invertebrate



Forager



Reef
Vertebrate



Forager



Infaunal 
Benthos



Epifaunal 
Benthos



Benthic 
Forager



Pelagic Community
Phytoplankton (TL1)
Zooplankton (TL-II) 15% 15% 70%
Planktivore (TL-III) 100%
Piscivore (TL-IV) 10% 90%
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) 10% 80% 10%
Invertebrate Omnivore (TL-II) 80% 20%
Invertebrate Forager (TL-III) 5% 5% 5% 35% 50%
Vertebrate Forager (TL-III) 19% 19% 15% 22% 12.5% 12.5%
Predator (TL-IV) 15% 60% 8% 8% 8%
Benthic Community
Infaunal invert. (TL-II) 50% 30% 20%
Epifaunal invert. (TL-II) 25% 30% 20% 25%
Forager (TL-III) 5% 50% 45%
Predator (TL-IV) 2% 20% 20% 58%



Water Exposures



Upper Water 
Column



Lower Water
Column Vessel Interior Sediment Pore



Water
GE ME ME as kcal/g-ww



Pelagic Community Sediment (kcal/kg-oc) 11456 6873.6 0.6 0.01099776
Phytoplankton (TL1) Algae 100% Suspended Sediment (kcal/kg-oc) 11456 6873.6 0.6 0.1649664
Zooplankton (TL-II) copepods 50% 50%
Planktivore (TL-III) herring 80% 20%
Piscivore (TL-IV) jack 80% 20%
Reef / Vessel Community
Attached Algae Algae 100%
Sessile filter feeder (TL-II) bivalves (w/o shell) 100%
Invertebrate Omnivore (TL-II) urchin 80% 20%
Invertebrate Forager (TL-III) crab 70% 30%
Vertebrate Forager (TL-III) triggerfish 70% 30%
Predator (TL-IV) grouper 80% 20%
Benthic Community
Infaunal invert. (TL-II) polychaete 20% 80%
Epifaunal invert. (TL-II) nematode 50% 50%
Forager (TL-III) lobster 75% 25%
Predator (TL-IV) flounder 90% 10%



Respiratory Efficiencies Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Low body weight (<100g) 4.335E-01 8.000E-01 8.000E-01 8.000E-01 4.492E-01 2.582E-01 2.018E-01 1.127E-01 5.303E-02 1.255E-02
High body weight (>100g) 5.000E-01 5.000E-01 5.000E-01 5.000E-01 3.769E-01 2.857E-01 2.526E-01 1.888E-01 1.295E-01 6.299E-02
Dietary Assimilation Efficiencies 27% 46% 53% 62% 69% 69% 68% 59% 44% 16%



Tissue Conc. (mg/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 8.048E-13 2.132E-08 1.715E-09 2.782E-08 3.655E-08 1.462E-09 5.990E-10 0.000E+00 2.699E-13 9.667E-16
Zooplankton (TL-II) 2.873E-09 1.067E-04 1.076E-05 2.032E-04 2.015E-04 2.882E-05 2.564E-05 0.000E+00 1.286E-07 1.900E-08
Planktivore (TL-III) 6.497E-10 9.038E-05 1.648E-05 6.027E-04 1.074E-03 1.689E-04 1.466E-04 0.000E+00 4.848E-07 2.552E-08
Piscivore (TL-IV) 1.699E-10 1.593E-05 4.375E-06 3.521E-04 1.883E-03 5.067E-04 4.954E-04 0.000E+00 1.447E-06 3.156E-08
Reef / Vessel Community
Attached Algae 1.270E-09 3.418E-05 2.893E-06 4.807E-05 7.570E-05 7.363E-06 4.649E-06 0.000E+00 1.046E-08 4.676E-10
Sessile filter feeder (TL-II) 4.089E-08 1.379E-03 1.362E-04 2.562E-03 2.480E-03 2.197E-04 1.590E-04 0.000E+00 5.091E-07 5.524E-08
Invertebrate Omnivore (TL-II) 2.877E-07 2.227E-02 3.285E-03 1.055E-01 1.699E-01 1.192E-02 6.211E-03 0.000E+00 4.116E-06 4.887E-08
Invertebrate Forager (TL-III) 2.183E-06 8.883E-02 1.321E-02 4.447E-01 8.466E-01 6.659E-02 3.678E-02 0.000E+00 4.016E-05 2.679E-06
Vertebrate Forager (TL-III) 2.006E-07 1.402E-02 3.008E-03 1.758E-01 6.239E-01 6.281E-02 3.650E-02 0.000E+00 4.067E-05 1.361E-06
Predator (TL-IV) 1.110E-07 7.198E-03 1.697E-03 1.476E-01 1.137E+00 1.733E-01 1.107E-01 0.000E+00 1.188E-04 2.655E-06
Benthic Community
Infaunal invert. (TL-II) 1.036E-08 4.069E-04 4.229E-05 8.365E-04 8.399E-04 7.687E-05 5.618E-05 0.000E+00 1.568E-07 1.117E-08
Epifaunal invert. (TL-II) 1.285E-08 7.566E-04 9.025E-05 2.043E-03 2.251E-03 2.158E-04 1.593E-04 0.000E+00 4.001E-07 2.194E-08
Forager (TL-III) 7.500E-09 4.142E-04 6.334E-05 1.914E-03 2.853E-03 2.667E-04 1.817E-04 0.000E+00 2.897E-07 6.646E-09
Predator (TL-IV) 6.640E-10 1.104E-04 2.911E-05 1.803E-03 5.434E-03 6.537E-04 4.616E-04 0.000E+00 5.934E-07 8.723E-09



Tissue Conc. (mg/kg-WW) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca Total PCB
Pelagic Community
Phytoplankton (TL1) 1.326E-14 3.513E-10 2.827E-11 4.585E-10 6.023E-10 2.410E-11 9.872E-12 0.000E+00 4.449E-15 1.593E-17 1.474E-09
Zooplankton (TL-II) 1.517E-10 5.634E-06 5.684E-07 1.073E-05 1.064E-05 1.522E-06 1.354E-06 0.000E+00 6.788E-09 1.003E-09 3.045E-05
Planktivore (TL-III) 4.564E-11 6.349E-06 1.158E-06 4.234E-05 7.545E-05 1.187E-05 1.030E-05 0.000E+00 3.406E-08 1.793E-09 1.475E-04
Piscivore (TL-IV) 1.194E-11 1.119E-06 3.074E-07 2.473E-05 1.323E-04 3.560E-05 3.480E-05 0.000E+00 1.017E-07 2.217E-09 2.289E-04
Reef / Vessel Community
Attached Algae 2.093E-11 5.634E-07 4.767E-08 7.923E-07 1.248E-06 1.213E-07 7.662E-08 0.000E+00 1.724E-10 7.707E-12 2.849E-06
Sessile filter feeder (TL-II) 3.680E-10 1.241E-05 1.226E-06 2.306E-05 2.232E-05 1.977E-06 1.431E-06 0.000E+00 4.582E-09 4.971E-10 6.243E-05
Invertebrate Omnivore (TL-II) 1.502E-08 1.163E-03 1.715E-04 5.509E-03 8.868E-03 6.224E-04 3.242E-04 0.000E+00 2.149E-07 2.551E-09 1.666E-02
Invertebrate Forager (TL-III) 5.211E-08 2.120E-03 3.153E-04 1.061E-02 2.021E-02 1.589E-03 8.779E-04 0.000E+00 9.585E-07 6.394E-08 3.572E-02
Vertebrate Forager (TL-III) 1.409E-08 9.850E-04 2.113E-04 1.235E-02 4.383E-02 4.412E-03 2.564E-03 0.000E+00 2.857E-06 9.563E-08 6.436E-02
Predator (TL-IV) 7.795E-09 5.056E-04 1.192E-04 1.037E-02 7.990E-02 1.218E-02 7.776E-03 0.000E+00 8.347E-06 1.865E-07 1.109E-01
Benthic Community
Infaunal invert. (TL-II) 9.910E-11 3.893E-06 4.046E-07 8.004E-06 8.036E-06 7.355E-07 5.375E-07 0.000E+00 1.500E-09 1.069E-10 2.161E-05
Epifaunal invert. (TL-II) 1.383E-10 8.144E-06 9.714E-07 2.199E-05 2.423E-05 2.322E-06 1.714E-06 0.000E+00 4.307E-09 2.361E-10 5.938E-05
Forager (TL-III) 1.790E-10 9.887E-06 1.512E-06 4.569E-05 6.809E-05 6.366E-06 4.337E-06 0.000E+00 6.915E-09 1.586E-10 1.359E-04
Predator (TL-IV) 3.652E-11 6.074E-06 1.601E-06 9.918E-05 2.989E-04 3.595E-05 2.539E-05 0.000E+00 3.264E-08 4.798E-10 4.671E-04



BAFs (L/kg-lipid) Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
Pelagic Community
Phytoplankton (TL1) 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Zooplankton (TL-II) 1.347E+05 6.239E+05 7.438E+05 8.447E+05 5.321E+05 7.827E+05 1.103E+06 0.000E+00 2.458E+06 8.127E+06
Planktivore (TL-III) 7.601E+04 1.319E+06 2.841E+06 6.254E+06 7.080E+06 1.146E+07 1.575E+07 0.000E+00 2.317E+07 2.729E+07
Piscivore (TL-IV) 1.988E+04 2.325E+05 7.544E+05 3.653E+06 1.241E+07 3.438E+07 5.325E+07 0.000E+00 6.917E+07 3.375E+07
Reef / Vessel Community
Attached Algae 2.979E+04 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 1.000E+05 0.000E+00 1.000E+05 1.000E+05
Sessile filter feeder (TL-II) 9.590E+05 4.035E+06 4.709E+06 5.329E+06 3.276E+06 2.983E+06 3.421E+06 0.000E+00 4.867E+06 1.181E+07
Invertebrate Omnivore (TL-II) 3.221E+04 3.111E+05 5.422E+05 1.048E+06 1.071E+06 7.733E+05 6.379E+05 0.000E+00 1.879E+05 4.991E+04
Invertebrate Forager (TL-III) 1.632E+05 8.284E+05 1.456E+06 2.949E+06 3.565E+06 2.883E+06 2.523E+06 0.000E+00 1.224E+06 1.827E+06
Vertebrate Forager (TL-III) 1.500E+04 1.308E+05 3.315E+05 1.166E+06 2.628E+06 2.720E+06 2.503E+06 0.000E+00 1.240E+06 9.282E+05
Predator (TL-IV) 1.243E+04 1.005E+05 2.801E+05 1.466E+06 7.174E+06 1.124E+07 1.137E+07 0.000E+00 5.425E+06 2.712E+06
Benthic Community
Infaunal invert. (TL-II) 2.429E+05 1.190E+06 1.462E+06 1.740E+06 1.109E+06 1.044E+06 1.208E+06 0.000E+00 1.499E+06 2.389E+06
Epifaunal invert. (TL-II) 3.013E+05 2.213E+06 3.120E+06 4.249E+06 2.974E+06 2.930E+06 3.426E+06 0.000E+00 3.825E+06 4.691E+06
Forager (TL-III) 1.759E+05 1.212E+06 2.190E+06 3.982E+06 3.768E+06 3.622E+06 3.909E+06 0.000E+00 2.770E+06 1.421E+06
Predator (TL-IV) 1.557E+04 3.231E+05 1.006E+06 3.751E+06 7.178E+06 8.878E+06 9.929E+06 0.000E+00 5.673E+06 1.865E+06



Notes:
Kow = octanol to water partitioning coefficient, Koc = organic carbon partitioning coefficient, Kdoc = dissolved organic carbon partitioning coefficient
TL = trophic level, ww = wet weight
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B2.7 zoi summary



B.3 Summary of Total PCBs concentrations modeled for biological and abiotic compartments as a function of ZOI.
ZOI 1 2 3 4 5 10



Tissue Conc. (mg/kg-WW) Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB
Pelagic Community



Phytoplankton (TL1) 1.86E-09 1.67E-09 1.60E-09 1.56E-09 1.54E-09 1.47E-09
Zooplankton (TL-II) 1.21E-04 7.72E-05 6.04E-05 5.10E-05 4.48E-05 3.05E-05
Planktivore (TL-III) 5.88E-04 3.74E-04 2.92E-04 2.47E-04 2.17E-04 1.47E-04
Piscivore (TL-IV) 9.13E-04 5.80E-04 4.54E-04 3.83E-04 3.37E-04 2.29E-04



Reef / Vessel Community
Attached Algae 1.14E-05 7.23E-06 5.65E-06 4.77E-06 4.20E-06 2.85E-06
Sessile filter feeder (TL-II) 2.49E-04 1.58E-04 1.24E-04 1.05E-04 9.19E-05 6.24E-05
Invertebrate Omnivore (TL-II) 1.72E-02 1.69E-02 1.68E-02 1.68E-02 1.67E-02 1.67E-02
Invertebrate Forager (TL-III) 3.67E-02 3.62E-02 3.61E-02 3.60E-02 3.59E-02 3.57E-02
Vertebrate Forager (TL-III) 6.66E-02 6.55E-02 6.51E-02 6.49E-02 6.47E-02 6.44E-02
Predator (TL-IV) 1.15E-01 1.13E-01 1.12E-01 1.12E-01 1.11E-01 1.11E-01



Benthic Community
Infaunal invert. (TL-II) 8.62E-05 5.48E-05 4.28E-05 3.62E-05 3.18E-05 2.16E-05
Epifaunal invert. (TL-II) 2.37E-04 1.51E-04 1.18E-04 9.94E-05 8.74E-05 5.94E-05
Forager (TL-III) 5.42E-04 3.45E-04 2.69E-04 2.28E-04 2.00E-04 1.36E-04
Predator (TL-IV) 1.86E-03 1.18E-03 9.26E-04 7.82E-04 6.88E-04 4.67E-04



Air concentration (g/m3) 5.26E-17 6.68E-17 7.83E-17 8.81E-17 9.68E-17 1.31E-16
Upper Water Column



Fugacity (Pa)
Water concentration (mg/L) 1.13E-12 1.02E-12 9.72E-13 9.48E-13 9.32E-13 8.95E-13
Suspended solids concentration (mg/kg) 1.48E-08 1.33E-08 1.27E-08 1.24E-08 1.22E-08 1.17E-08
Dissolved organic carbon  (mg/kg) 1.98E-07 1.78E-07 1.70E-07 1.66E-07 1.63E-07 1.57E-07
Bulk Upper Water Col (mg/L) 2.67E-10 2.40E-10 2.30E-10 2.24E-10 2.21E-10 2.12E-10



Lower Water Column
Fugacity (Pa)
Water concentration (mg/L) 6.90E-09 4.39E-09 3.43E-09 2.89E-09 2.55E-09 1.73E-09
Suspended solids concentration (mg/kg) 1.70E-04 1.08E-04 8.43E-05 7.12E-05 6.27E-05 4.25E-05
Dissolved organic carbon  (mg/kg) 1.55E-03 9.88E-04 7.72E-04 6.52E-04 5.74E-04 3.90E-04
Bulk Lower Water Col (mg/L) 2.64E-06 1.68E-06 1.31E-06 1.11E-06 9.73E-07 6.61E-07



Inside the Vessel
Fugacity (Pa)
Water concentration (mg/L) 1.80E-06 1.80E-06 1.80E-06 1.80E-06 1.80E-06 1.80E-06
Suspended solids concentration (mg/kg) 4.44E-02 4.44E-02 4.44E-02 4.44E-02 4.44E-02 4.44E-02
Dissolved organic carbon  (mg/kg) 4.06E-01 4.06E-01 4.06E-01 4.06E-01 4.06E-01 4.06E-01
Bulk Water Inside Vessel (mg/L) 6.89E-04 6.89E-04 6.89E-04 6.89E-04 6.89E-04 6.89E-04



Sediment Bed
Fugacity (Pa)
Pore Water concentration (mg/L) 6.90E-09 4.39E-09 3.43E-09 2.89E-09 2.55E-09 1.73E-09
Sediment concentration  (mg/kg) 1.13E-05 7.19E-06 5.62E-06 4.75E-06 4.18E-06 2.84E-06
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Appendix C ERED Data



Year Author Journal Species
Common 
Name



Chemi
cal



Conc 
Wet



Conc 
Units Effect Endpo



Exposure 
Route



Body 
Part Life stage Comments



1972
Sanders, H.O., 
Chandler, J.H.



Bulletin of Environmental
Contamination & 
Toxicology



Orconectes 
nais Crayfish



Aroclor 
1254 0.04 MG/KG Mortality NOED Combined



Whole 
Body Mature Radiolabeled Compound



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Penaeus 
duorarum



Shrimp - 
Pink PCBs 0.14 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Effect On Survival In 48 Hours



Invert. 
NOED 1991



Velduizen-Tsoerkan, 
M.B., Holwerda, D.A., 



Arch. Environ. Contam. 
Toxicol. 20: 259-265 Mytilus edulis Mussel PCBs 0.6 MG/KG Mortality NA Combined



Whole 
Body Adult



No Significant Decrease In Anoxic
Survival Time (control 13 Days)



1981
Mac, M.J. and J.G. 
Seelye



Bull. Environ. Contam.
Toxicol. 27:359-367.



Salvelinus 
namaycush Trout -Lake PCBs 0.76 MG/KG Growth NOED Absorption



Whole 
Body Immature



Pcb Dosed With Acetone Carrier; 
No Effect On Growth (weight or 



1981
Mac, M.J. and J.G. 
Seelye



Bull. Environ. Contam.
Toxicol. 27:359-367.



Salvelinus 
namaycush Trout -Lake PCBs 0.76 MG/KG Growth NOED Absorption



Whole 
Body Immature



Pcb With No Acetone Carrier; No 
Effect On Growth (weight or length)



1981
Mac, M.J. and J.G. 
Seelye



Bull. Environ. Contam.
Toxicol. 27:359-367.



Salvelinus 
namaycush Trout -Lake PCBs 0.76 MG/KG Mortality NOED Absorption



Whole 
Body Immature



Pcb Dosed With Acetone Carrier; 
No Effect On Mortality



1981
Mac, M.J. and J.G. 
Seelye



Bull. Environ. Contam.
Toxicol. 27:359-367.



Salvelinus 
namaycush Trout -Lake PCBs 0.76 MG/KG Mortality NOED Absorption



Whole 
Body Immature



Pcb With No Acetone Carrier; No 
Effect On Mortality



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 0.81 MG/KG Mortality NOED Absorption



Whole 
Body



Egg-
embryo



No Effect On Fry Mortality In 28
Days



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 0.84 MG/KG Mortality NOED Absorption



Whole 
Body Adult



No Effect On Adult Mortality In 28
Days



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Lagodon 
rhomboides Pinfish PCBs 0.98 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Effect On Survival In 48 Hours



1972
Sanders, H.O., 
Chandler, J.H.



Bulletin of Environmental
Contamination & 



Corydalus 
cornutus Midge



Aroclor 
1254 1.02 MG/KG Mortality NOED Combined



Whole 
Body Immature Radiolabeled Compound



Invert. 
LOED 1974



Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Palaemonetes 
pugio



Shrimp - 
Grass PCBs 1.1 MG/KG Mortality LOED Absorption



Whole 
Body Adult 33% Mortality In 96 Hours



1972
Sanders, H.O., 
Chandler, J.H.



Bulletin of Environmental
Contamination & 



Chaoborus 
punctipennis Midge



Aroclor 
1254 1.2 MG/KG Mortality NOED Combined



Whole 
Body Immature Radiolabeled Compound



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Penaeus 
duorarum



Shrimp - 
Pink PCBs 1.3 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Effect On Survival In 48 Hours



1975
Hogan, J.W., and J.L. 
Brauhn



The Progressive Fish 
Culturist 37 (4):229-230



Oncorhynchus 
mykiss



Trout - 
Rainbow



Aroclor 
1242 or 1.3 MG/KG Mortality LOED NA



Whole 
Body Egg 10% Mortality



1972
Sanders, H.O., 
Chandler, J.H.



Bulletin of Environmental
Contamination & 



Pteronarcys 
dorsata



Giant Black 
Stonefly



Aroclor 
1254 1.4 MG/KG Mortality NOED Combined



Whole 
Body Immature Radiolabeled Compound



1991
Velduizen-Tsoerkan, 
M.B., Holwerda, D.A., 



Arch. Environ. Contam. 
Toxicol. 20: 259-265 Mytilus edulis Mussel PCBs 1.4 MG/KG Mortality NA Combined



Whole 
Body Adult



Decreased Anoxic Survival Time
(control 10.7 Days)



1991
Velduizen-Tsoerkan, 
M.B., Holwerda, D.A., 



Arch. Environ. Contam. 
Toxicol. 20: 259-265 Mytilus edulis Mussel PCBs 1.4 MG/KG PhysiologNOED Combined



Whole 
Body Adult



No Significant Changes In 
Adenylate Energy Charge Or 



1973
Sodergren, A., 
Svensson, B.



Bulletin of Environmental
Contamination and 



Ephemera 
danica Mayfly PCBs 1.5 MG/KG Growth NOED Combined



Whole 
Body Immature



1973
Sodergren, A., 
Svensson, B.



Bulletin of Environmental
Contamination and 



Ephemera 
danica Mayfly PCBs 1.5 MG/KG Mortality NOED Combined



Whole 
Body Immature



Fish 
NOED 1975



Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 1.5 MG/KG Mortality NOED Absorption



Whole 
Body Adult



No Effect On Adult Mortality In 28
Days



1995
Boese, B.L., M. 
Winsor, H. Lee Li, S. 



Environ. Toxicol. Chem.
14:303-310. Macoma nasuta



Clam - Bent 
nose PCBs 1.7 MG/KG Mortality NOED Ingestion



Whole 
Body Immature No Effect On Mortality



Fish 
LOED 1 1981



Mac, M.J. and J.G. 
Seelye



Bull. Environ. Contam.
Toxicol. 27:359-367.



Salvelinus 
namaycush Trout -Lake PCBs 1.8 MG/KG Growth LOED Absorption



Whole 
Body Immature



Pcb With No Acetone Carrier; 
Enhanced Growth (weight and 



1981
Mac, M.J. and J.G. 
Seelye



Bull. Environ. Contam.
Toxicol. 27:359-367.



Salvelinus 
namaycush Trout -Lake PCBs 1.8 MG/KG Mortality NOED Absorption



Whole 
Body Immature



Pcb With No Acetone Carrier; No 
Effect On Mortality



1981
Mac, M.J. and J.G. 
Seelye



Bull. Environ. Contam.
Toxicol. 27:359-367.



Salvelinus 
namaycush Trout -Lake PCBs 2.1 MG/KG Growth NOED Absorption



Whole 
Body Immature



Pcb With No Acetone Carrier; No 
Effect On Growth (weight or length)



C - 2











Appendix C ERED Data



Year Author Journal Species
Common 
Name



Chemi
cal



Conc 
Wet



Conc 
Units Effect Endpo



Exposure 
Route



Body 
Part Life stage Comments



1981
Mac, M.J. and J.G. 
Seelye



Bull. Environ. Contam.
Toxicol. 27:359-367.



Salvelinus 
namaycush Trout -Lake PCBs 2.1 MG/KG Mortality NOED Absorption



Whole 
Body Immature



Pcb With No Acetone Carrier; No 
Effect On Mortality



Fish 
LOED 2 1974



Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 2.2 MG/KG Mortality LOED Absorption



Whole 
Body Immature 5% Mortality In 96 Hours



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 2.3 MG/KG Mortality NOED Absorption



Whole 
Body Immature



No Effect On Juvenile Mortality In
28 Days



1981
Mac, M.J. and J.G. 
Seelye



Bull. Environ. Contam.
Toxicol. 27:359-367.



Salvelinus 
namaycush Trout -Lake PCBs 2.3 MG/KG Growth LOED Absorption



Whole 
Body Immature



Pcb Dosed With Acetone Carrier; 
Enhanced Growth (weight only; not 



1981
Mac, M.J. and J.G. 
Seelye



Bull. Environ. Contam.
Toxicol. 27:359-367.



Salvelinus 
namaycush Trout -Lake PCBs 2.3 MG/KG Mortality NOED Absorption



Whole 
Body Immature



Pcb Dosed With Acetone Carrier; 
No Effect On Mortality



1981
Mac, M.J. and J.G. 
Seelye



Bull. Environ. Contam.
Toxicol. 27:359-367.



Salvelinus 
namaycush Trout -Lake PCBs 2.4 MG/KG Growth LOED Absorption



Whole 
Body Immature



Pcb Dosed With Acetone Carrier; 
Enhanced Growth (weight and 



1981
Mac, M.J. and J.G. 
Seelye



Bull. Environ. Contam.
Toxicol. 27:359-367.



Salvelinus 
namaycush Trout -Lake PCBs 2.4 MG/KG Mortality NOED Absorption



Whole 
Body Immature



Pcb Dosed With Acetone Carrier; 
No Effect On Mortality



1972
Sanders, H.O., 
Chandler, J.H.



Bulletin of Environmental
Contamination & 



Palaemonetes 
kadiakensis



Shrimp - 
Grass



Aroclor 
1254 3.2 MG/KG Mortality NOED Combined



Whole 
Body Mature Radiolabeled Compound



1980



Hawkes, J.W., E.H. 
Gruger, Jr. and O.P. 
Olson



Environ. Res. 23:149-
161.



Oncorhynchus 
tshawytscha



Salmon - 
Chinook PCBs 3.5 MG/KG Cellular LOED Ingestion



Whole 
Body Immature



Structure Changes In Intestine 
Cells, Increased Exfoliation Of 
Mucosa, Mucosal Cell Inclusions



1980
Hawkes, J.W., E.H. 
Gruger, Jr. and O.P. 



Environ. Res. 23:149-
161.



Oncorhynchus 
tshawytscha



Salmon - 
Chinook PCBs 3.5 MG/KG Growth NOED Ingestion



Whole 
Body Immature No Effect On Weight Gain



1979
Broyles, R.H. and M.I. 
Noveck



Toxicology and Applied
Pharmacology 50, 299-



Oncorhynchus 
tshawytscha



Salmon - 
Chinook



2,4,6,2`-
tetrachl 3.7 MG/KG Survival LC28 Combined



Whole 
Body Fry



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Lagodon 
rhomboides Pinfish PCBs 3.8 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Effect On Survival In 48 Hours



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Penaeus 
aztecus



Shrimp - 
Brown PCBs 3.8 MG/KG Mortality LOED Absorption



Whole 
Body NA 8% Mortality In 96 Hours



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Penaeus 
duorarum



Shrimp - 
Pink PCBs 3.9 MG/KG Mortality ED100Absorption



Whole 
Body Immature 100% Mortality After 48 Hours



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Crassostrea 
virginica Oyster PCBs 4 MG/KG Growth ED10 Absorption



Whole 
Body Adult Reduction In Shell Growth



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 4.2 MG/KG DevelopmNOED Absorption



Whole 
Body



Egg-
embryo



No Effect On Fertilization Success, 
Survival Of Embryos To Hatching, 



shark 
NOED 1983



Westin, D.T., Olney, 
C.E., Rogers, B.A.



Bull. Environm. Contam.
Toxicol. 30: 50-57



Morone 
saxatilis



Striped 
Bass PCBs 4.4 MG/KG Growth NOED Ingestion



Whole 
Body Immature



Parental Exposure To Pcbs In
Field, Then Post Yolk Absorption 



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 4.9 MG/KG Mortality NOED Absorption



Whole 
Body



Egg-
embryo



No Effect On Fry Mortality In 28
Days



1972
Sanders, H.O., 
Chandler, J.H.



Bulletin of Environmental
Contamination & Culex tarsalis Mosquito



Aroclor 
1254 5.4 MG/KG Mortality NOED Combined



Whole 
Body Immature Radiolabeled Compound



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 5.4 MG/KG Mortality NOED Absorption



Whole 
Body Adult



No Effect On Adult Mortality In 28
Days



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 5.9 MG/KG Mortality NOED Absorption



Whole 
Body



Egg-
embryo



No Effect On Fry Mortality In 28
Days



shark 
LOED 1988



Black, D.E., D.K. 
Phelps and R.L. Lapan



Mar. Environ. Res. 25:45-
62.



Pleuronectes 
americanus



Winter 
Flounder PCBs 7.1 MG/KG Growth LOED Combined



Whole 
Body



Egg-
embryo



Reduced Length And Weight Of 
Larvae



1972
Sanders, H.O., 
Chandler, J.H.



Bulletin of Environmental
Contamination & 



Gammarus 
pseudolimnaeu Amphipod



Aroclor 
1254 7.8 MG/KG Mortality NOED Combined



Whole 
Body Mature Radiolabeled Compound



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Crassostrea 
virginica Oyster PCBs 8.1 MG/KG Growth NA Absorption



Whole 
Body Immature



19% Reduction In Rate Of Shell
Growth



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Crassostrea 
virginica Oyster PCBs 8.1 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Effect On Survival In 96 Hours



C - 3











Appendix C ERED Data



Year Author Journal Species
Common 
Name



Chemi
cal



Conc 
Wet



Conc 
Units Effect Endpo



Exposure 
Route



Body 
Part Life stage Comments



1979
Broyles, R.H. and M.I. 
Noveck



Toxicology and Applied
Pharmacology 50, 299-



Salvelinus 
namaycush Trout -Lake



2,4,6,2`-
tetrachl 8.4 MG/KG Survival LC87 Combined



Whole 
Body Fry



1979
Broyles, R.H. and M.I. 
Noveck



Toxicology and Applied
Pharmacology 50, 299-



Salvelinus 
namaycush Trout -Lake



2,4,6,2`-
tetrachl 8.6 MG/KG Survival LC74 Combined



Whole 
Body Fry



1979
Broyles, R.H. and M.I. 
Noveck



Toxicology and Applied
Pharmacology 50, 299-



Salvelinus 
namaycush Trout -Lake



2,4,6,2`-
tetrachl 8.8 MG/KG Survival LC17 Combined



Whole 
Body Fry



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 8.9 MG/KG Mortality NOED Absorption



Whole 
Body Immature



No Effect On Juvenile Mortality In
28 Days



1979
Broyles, R.H. and M.I. 
Noveck



Toxicology and Applied
Pharmacology 50, 299-



Salvelinus 
namaycush Trout -Lake



2,4,6,2`-
tetrachl 9.2 MG/KG Survival LC50 Combined



Whole 
Body Fry



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 10 MG/KG Mortality NOED Absorption



Whole 
Body Immature



No Effect On Juvenile Mortality In
28 Days



1972
Sanders, H.O., 
Chandler, J.H.



Bulletin of Environmental
Contamination & Daphnia magna Water flea



Aroclor 
1254 10.4 MG/KG Mortality NOED Combined



Whole 
Body Mature Radiolabeled Compound



1976



Hansen, L.G., W.B. 
Wiekhorst and J. 
Simon



J. Fish. Res. Bd. Can. 
33:1343-1352.



Ictalurus 
punctatus



Catfish-
Channel PCBs 10.9 MG/KG Cellular NOED Ingestion



Whole 
Body Immature



No Effect On Histopathology Of 
Liver, Brain, Kidney



1976
Hansen, L.G., W.B. 
Wiekhorst and J. 



J. Fish. Res. Bd. Can. 
33:1343-1352.



Ictalurus 
punctatus



Catfish-
Channel PCBs 10.9 MG/KG Mortality NOED Ingestion



Whole 
Body Immature No Effect On Mortality



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 11 MG/KG Mortality NOED Absorption



Whole 
Body Immature



No Effect On Juvenile Mortality In
28 Days



1977 Neff, J.M., Giam, C.S. Reference Not Available
Limulus 
polyphemus



Crab - 
Horseshoe



Aroclor 
1016 or 11.2 MG/KG Growth NA Absorption



Whole 
Body Immature



Delayed Molting; Less Than 50%
Molted After 96 Days Starting With 



1977 Neff, J.M., Giam, C.S. Reference Not Available
Limulus 
polyphemus



Crab - 
Horseshoe



Aroclor 
1016 or 11.2 MG/KG Mortality NA Absorption



Whole 
Body Immature



Less Than 50% Mortality Starting
With T2-stage Crabs



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 12 MG/KG Mortality NOED Absorption



Whole 
Body Adult



No Effect On Adult Mortality In 28
Days



1976
Hansen, L.G., W.B. 
Wiekhorst and J. 



J. Fish. Res. Bd. Can. 
33:1343-1352.



Ictalurus 
punctatus



Catfish-
Channel PCBs 14.3 MG/KG Growth LOED Ingestion



Whole 
Body Immature 40% Reduction In Mean Weight



1976
Hansen, L.G., W.B. 
Wiekhorst and J. 



J. Fish. Res. Bd. Can. 
33:1343-1352.



Ictalurus 
punctatus



Catfish-
Channel PCBs 14.3 MG/KG MorpholoLOED Ingestion



Whole 
Body Immature Inreased Size Of Liver



1976



Hansen, L.G., W.B. 
Wiekhorst and J. 
Simon



J. Fish. Res. Bd. Can. 
33:1343-1352.



Ictalurus 
punctatus



Catfish-
Channel PCBs 14.3 MG/KG Cellular NOED Ingestion



Whole 
Body Immature



No Effect On Histopathology Of 
Liver, Brain, Kidney



1976
Hansen, L.G., W.B. 
Wiekhorst and J. 



J. Fish. Res. Bd. Can. 
33:1343-1352.



Ictalurus 
punctatus



Catfish-
Channel PCBs 14.3 MG/KG Mortality NOED Ingestion



Whole 
Body Immature No Effect On Mortality



1980 Bengtsson, B.E. Water Res. 14:681-687.
Phoxinus 
phoxinus Minnow PCBs 15 MG/KG Reprodu LOED Ingestion



Whole 
Body Adult



Reduction In Time To Hatch, Fry
Death



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Penaeus 
duorarum



Shrimp - 
Pink PCBs 16 MG/KG Mortality NA Absorption



Whole 
Body Immature Lethal To 18 Of 25 Fish In 20 Days



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Lagodon 
rhomboides Pinfish PCBs 17 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Effect On Survival In 48 Hours



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 17 MG/KG DevelopmNOED Absorption



Whole 
Body



Egg-
embryo



No Effect On Fertilization Success, 
Survival Of Embryos To Hatching, 



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 21 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Mortality In 96 Hours



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Palaemonetes 
pugio



Shrimp - 
Grass PCBs 22 MG/KG Mortality NA Absorption



Whole 
Body Adult 38% Mortality In 96 Hours



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 22 MG/KG Mortality NOED Absorption



Whole 
Body



Egg-
embryo



No Effect On Fry Mortality In 28
Days



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 22 MG/KG Mortality NOED Absorption



Whole 
Body Adult



No Effect On Adult Mortality In 28
Days



C - 4











Appendix C ERED Data



Year Author Journal Species
Common 
Name



Chemi
cal



Conc 
Wet



Conc 
Units Effect Endpo



Exposure 
Route



Body 
Part Life stage Comments



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Callinectes 
sapidus Crab - Blue PCBs 23 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Effect On Survival In 20 Days



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 26 MG/KG Mortality NOED Absorption



Whole 
Body



Egg-
embryo



No Effect On Fry Mortality In 28
Days



1986
Carlberg, G.E., K. 
Martinsen, A. 



Arch. Environ. Contam. 
Toxicol. 15:543-548. Salmo salar



Salmon - 
Atlantic PCBs 30 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Effect On Mortality



1990
Borgmann, U., N.P. 
Norwood, and K.M. 



Arch. Environ. Contam. 
Toxicol., 19:558-564 Hyalella azteca



Amphipod - 
Freshwater



Aroclor 
1242 or 30 MG/KG Mortality NOED Absorption



Whole 
Body Adult



Radiolabeled Compounds,
Exp_conc = 3-100



1977 Neff, J.M., Giam, C.S. Reference Not Available
Limulus 
polyphemus



Crab - 
Horseshoe



Aroclor 
1016 or 31.9 MG/KG Growth NA Absorption



Whole 
Body Immature



Delayed Molting; Less Than 50%
Molted After 96 Days Starting With 



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Crassostrea 
virginica Oyster PCBs 32 MG/KG Growth NA Absorption



Whole 
Body Adult Reduction In Shell Growth



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Crassostrea 
virginica Oyster PCBs 33 MG/KG Growth NA Absorption



Whole 
Body Immature



41% Reduction In Rate Of Shell
Growth



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Crassostrea 
virginica Oyster PCBs 33 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Effect On Survival In 96 Hours



1970
Duke, T.W., J.I. Lowe 
and A.J. Wilson, Jr.



Bull. Environ. Contam.
Toxicol.  5:171-180.



Penaeus 
duorarum



Shrimp - 
Pink PCBs 33 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Effect On Survival In 20 Days



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 38 MG/KG Mortality NOED Absorption



Whole 
Body



Egg-
embryo



No Effect On Fry Mortality In 28
Days



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Penaeus 
aztecus



Shrimp - 
Brown PCBs 42 MG/KG Mortality NA Absorption



Whole 
Body NA 43% Mortality In 96 Hours



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Palaemonetes 
pugio



Shrimp - 
Grass PCBs 44 MG/KG Mortality NA Absorption



Whole 
Body Adult 93% Mortality In 96 Hours



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 46 MG/KG Mortality NOED Absorption



Whole 
Body Adult



No Effect On Adult Mortality In 28
Days



1990
Hermens, J.L., S.P. 
Bradbury and S.J. 



Ecotoxicol. Environ. Saf.
20:156-166.



Oncorhynchus 
mykiss



Trout - 
Rainbow PCBs 50 MG/KG PhysiologLOED NA



Whole 
Body Immature



Mixed Function Oxidase Induction,
Including Benzo(a)pyrene 



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 54 MG/KG Mortality NOED Absorption



Whole 
Body Immature



No Effect On Juvenile Mortality In
28 Days



1990
Borgmann, U., N.P. 
Norwood, and K.M. 



Arch. Environ. Contam. 
Toxicol., 19:558-564 Hyalella azteca



Amphipod - 
Freshwater



PCB 
52 54 MG/KG Mortality NOED Absorption



Whole 
Body Adult



Radiolabeled Compounds,
Exp_conc = 3-100



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 57 MG/KG Mortality NOED Absorption



Whole 
Body



Egg-
embryo



No Effect On Fry Mortality In 28
Days



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 65 MG/KG Mortality NA Absorption



Whole 
Body Immature 18% Mortality In 96 Hours



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 66 MG/KG DevelopmNOED Absorption



Whole 
Body



Egg-
embryo



No Effect On Fertilization Success, 
Survival Of Embryos To Hatching, 



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 79 MG/KG Mortality NOED Absorption



Whole 
Body Immature



No Effect On Juvenile Mortality In
28 Days



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Crassostrea 
virginica Oyster PCBs 95 MG/KG Growth NA Absorption



Whole 
Body Adult Reduction In Shell Growth



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 100 MG/KG Mortality NOED Absorption



Whole 
Body Adult



No Effect On Adult Mortality In 28
Days



1990
Hermens, J.L., S.P. 
Bradbury and S.J. 



Ecotoxicol. Environ. Saf.
20:156-166.



Oncorhynchus 
mykiss



Trout - 
Rainbow PCBs 100 MG/KG PhysiologNA NA



Whole 
Body Immature



Mixed Function Oxidase Induction,
Including Benzo(a)pyrene 



1972



Lowe, J.I., P.R. 
Parrish, J.M. Patrick, 
Jr. and J. Forester Mar. Biol. 17:209-214.



Crassostrea 
virginica Oyster PCBs 101 MG/KG Cellular NOED Absorption



Whole 
Body Immature



No Effect On Histopathology Of 
Digestive Diverticulata



1972
Lowe, J.I., P.R. 
Parrish, J.M. Patrick, Mar. Biol. 17:209-214.



Crassostrea 
virginica Oyster PCBs 101 MG/KG Growth NOED Absorption



Whole 
Body Immature No Effect On Growth
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Appendix C ERED Data



Year Author Journal Species
Common 
Name



Chemi
cal



Conc 
Wet



Conc 
Units Effect Endpo



Exposure 
Route



Body 
Part Life stage Comments



1972
Lowe, J.I., P.R. 
Parrish, J.M. Patrick, Mar. Biol. 17:209-214.



Crassostrea 
virginica Oyster PCBs 101 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Effect On Mortality



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 106 MG/KG Mortality ED50 Absorption



Whole 
Body Immature 50% Mortality



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 106 MG/KG Cellular LOED Absorption



Whole 
Body Immature



Liver And Pancreatic Cell 
Alterations



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 106 MG/KG Mortality LOED Absorption



Whole 
Body Immature



Statistically Significant Increase In
Mortality



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 110 MG/KG Mortality NOED Absorption



Whole 
Body Adult



No Effect On Adult Mortality In 28
Days



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 111 MG/KG Cellular NOED Absorption



Whole 
Body Immature



No Incidence Of Pathology (liver 
And Pancreatic Alterations)



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 111 MG/KG Mortality NOED Absorption



Whole 
Body Immature



No Statistically Significant Increase
In Mortality



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 111 MG/KG PhysiologNOED Absorption



Whole 
Body Immature



No Reduced Ability To Survive
Osmotic Stress After Exposure



1985
Freitag, D., L. Ballhorn,
H. Geyer and F. Korte



Chemosphere 14:1589-
1616. Leuciscus idus Golden Ide



2,4,6,2`
,4`- 116 MG/KG Mortality NOED Absorption



Whole 
Body NA



No Effect On Survivorship In 3 
Days



1985
Freitag, D., L. Ballhorn,
H. Geyer and F. Korte



Chemosphere 14:1589-
1616. Leuciscus idus Golden Ide



2,2` -
DBCP 121 MG/KG Mortality NOED Absorption



Whole 
Body NA



No Effect On Survivorship In 3 
Days



1985
Freitag, D., L. Ballhorn,
H. Geyer and F. Korte



Chemosphere 14:1589-
1616. Leuciscus idus Golden Ide



2,4,6,2`-
tetrachl 158 MG/KG Mortality NOED Absorption



Whole 
Body NA



No Effect On Survivorship In 3 
Days



1995
Van Wezel, A.P., 
Punte, S.S., 



Environ. Toxicol. Chem.
14: 1579-1585



Pimephales 
promelas



Fathead 
minnow PCB 1 167 MG/KG Mortality ED100Absorption



Whole 
Body Adult



Lethal Body Burden Measured In
Fish Immediately After Death; 



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 170 MG/KG Mortality NOED Absorption



Whole 
Body Immature



No Statistically Significant Increase
In Mortality



1980 Bengtsson, B.E. Water Res. 14:681-687.
Phoxinus 
phoxinus Minnow PCBs 170 MG/KG Growth LOED Ingestion



Whole 
Body Adult Increased Growth



1980 Bengtsson, B.E. Water Res. 14:681-687.
Phoxinus 
phoxinus Minnow PCBs 170 MG/KG Mortality LOED Ingestion



Whole 
Body Adult



Doubling Of Mortality Rate
Compared To Controls After 300 



1980 Bengtsson, B.E. Water Res. 14:681-687.
Phoxinus 
phoxinus Minnow PCBs 170 MG/KG Reprodu NA Ingestion



Whole 
Body Adult



85% Reduction In Hatchability Of
Eggs



1985
Freitag, D., L. Ballhorn,
H. Geyer and F. Korte



Chemosphere 14:1589-
1616. Leuciscus idus Golden Ide



2,4`-
dichloro 178 MG/KG Mortality NOED Absorption



Whole 
Body NA



No Effect On Survivorship In 3 
Days



1985
Freitag, D., L. Ballhorn,
H. Geyer and F. Korte



Chemosphere 14:1589-
1616. Leuciscus idus Golden Ide



PCB 
31 193 MG/KG Mortality NOED Absorption



Whole 
Body NA



No Effect On Survivorship In 3 
Days



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 200 MG/KG Mortality LOED Absorption



Whole 
Body



Egg-
embryo Lethal To 86% Of Fry In 28 Days



1990
Hermens, J.L., S.P. 
Bradbury and S.J. 



Ecotoxicol. Environ. Saf.
20:156-166.



Oncorhynchus 
mykiss



Trout - 
Rainbow PCBs 200 MG/KG PhysiologNA NA



Whole 
Body Immature



Mixed Function Oxidase Induction,
Including Benzo(a)pyrene 



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 205 MG/KG Mortality ED50 Absorption



Whole 
Body Immature 50% Mortality



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 205 MG/KG MorpholoLOED Absorption



Whole 
Body Immature Darkened Coloration



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 220 MG/KG Mortality NOED Absorption



Whole 
Body Immature



No Effect On Juvenile Mortality In
28 Days



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 230 MG/KG Mortality NOED Absorption



Whole 
Body Immature



No Effect On Juvenile Mortality In
28 Days
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Appendix C ERED Data



Year Author Journal Species
Common 
Name



Chemi
cal



Conc 
Wet



Conc 
Units Effect Endpo



Exposure 
Route



Body 
Part Life stage Comments



1972
Hattula, M.l. and O. 
Karlog



Acta Pharmacol. Toxicol.
31:238-240.



Carassius 
auratus Goldfish PCBs 250 MG/KG Mortality ED50 Absorption



Whole 
Body Immature Lethal Body Burden



1972
Hattula, M.l. and O. 
Karlog



Acta Pharmacol. Toxicol.
31:238-240.



Carassius 
auratus Goldfish PCBs 250 MG/KG MorpholoLOED Absorption



Whole 
Body Immature Color Changes



1972
Hattula, M.l. and O. 
Karlog



Acta Pharmacol. Toxicol.
31:238-240.



Carassius 
auratus Goldfish PCBs 253 MG/KG Mortality ED50 Absorption



Whole 
Body Immature Lethal Body Burden



1972
Hattula, M.l. and O. 
Karlog



Acta Pharmacol. Toxicol.
31:238-240.



Carassius 
auratus Goldfish PCBs 256 MG/KG Mortality ED50 Absorption



Whole 
Body Immature Lethal Body Burden



1972
Hattula, M.l. and O. 
Karlog



Acta Pharmacol. Toxicol.
31:238-240.



Carassius 
auratus Goldfish PCBs 271 MG/KG Mortality ED50 Absorption



Whole 
Body Immature Lethal Body Burden



1972
Hattula, M.l. and O. 
Karlog



Acta Pharmacol. Toxicol.
31:238-240.



Carassius 
auratus Goldfish PCBs 293 MG/KG Mortality ED50 Absorption



Whole 
Body Immature Lethal Body Burden



1972
Hattula, M.l. and O. 
Karlog



Acta Pharmacol. Toxicol.
31:238-240.



Carassius 
auratus Goldfish PCBs 324 MG/KG Mortality ED50 Absorption



Whole 
Body Immature Lethal Body Burden



1972



Lowe, J.I., P.R. 
Parrish, J.M. Patrick, 
Jr. and J. Forester Mar. Biol. 17:209-214.



Crassostrea 
virginica Oyster PCBs 425 MG/KG Cellular LOED Absorption



Whole 
Body Immature Atrophy Of Digestive Diverticulata



1972
Lowe, J.I., P.R. 
Parrish, J.M. Patrick, Mar. Biol. 17:209-214.



Crassostrea 
virginica Oyster PCBs 425 MG/KG Growth LOED Absorption



Whole 
Body Immature Reduced Growth



1972
Lowe, J.I., P.R. 
Parrish, J.M. Patrick, Mar. Biol. 17:209-214.



Crassostrea 
virginica Oyster PCBs 425 MG/KG Mortality NOED Absorption



Whole 
Body Immature No Effect On Mortality



1974
Hansen, D.J., P.R. 
Parrish and J. Forester Environ. Res. 7:363-373.



Lagodon 
rhomboides Pinfish PCBs 620 MG/KG Mortality LOED Absorption



Whole 
Body Immature



Statistically Significant Increase In
Mortality



1977
Mayer, F.L., P.M. 
Mehrle, and H.O. 



Arch. Environ. Contam. 
5:501-511



Oncorhynchus 
kisutch



Salmon-
coho PCBs 645 MG/KG Mortality ED100Ingestion



Whole 
Body Immature Radiolabeled - Contam. Food Fed.



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 1100 MG/KG MorpholoLOED Absorption



Whole 
Body Immature



Darkened Body Coloration, Body
Lesions



1975
Hansen, D.J., S.C. 
Schimmel and J. 



Trans. Amer. Fish. Soc. 
104:584-588.



Cyprinodon 
variegatus



Sheepshea
d minnow PCBs 1100 MG/KG Mortality LOED Absorption



Whole 
Body Immature 88% Juvenile Mortality In 28 Days
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Appendix D. Media Concentrations and Hazard Quotients Calculated for 0-2 
Years and Steady-State Ecological Risks  



D1 Media Concentrations for Total PCB  



Total PCB Concentrations Within 0-15 m (ZOI=2, 1) of the Hull 



Total PCB Concentrations Within 0-45 m (ZOI=5) of the Hull 



Total PCB Concentrations Within 0-60 m (ZOI=5) of the Hull 



D2 Hazard Quotients of Total PCB for Media Within 0-15 m of the Hull 



D2.1 HQs for 0-2 Years After Sinking 



Day 1 



Day 7 



Day 14 



Day 28 



Day 180 



Day 365 



Day 730 



D.2.2 HQs for Steady State (ZOI=2, 0-15 m) 



D.2.3 HQs for Steady State (ZOI=1, 0 m) 



D3 TEQ Tissue Concentrations for ZOI=1 



D3.1 Mammalian Coplanar PCBs, TEQs, and HQs 



D3.2 Avian Coplanar PCBs, TEQs, and HQs 



D3.3 Fish Egg Coplanar PCBs, TEQs, and HQs 
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Distance from Ship
0-15 m of Reef 1day 1wk 2wk 1mon 6mon 1yr 2yr ZOI=2 ZOI=1



Days Since Sinking 1 7 14 28 180 365 730 765 800
Tissue Conc. (mg/kg-WW) Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB



Pelagic Community
Phytoplankton (TL1) 3.13E-11 4.16E-11 5.35E-11 5.83E-11 4.66E-11 2.14E-11 1.47E-11 1.67E-09 1.86E-09
Zooplankton (TL-II) 4.94E-05 5.75E-05 7.26E-05 6.76E-05 5.34E-05 2.35E-05 1.82E-05 7.72E-05 1.21E-04
Planktivore (TL-III) Herring 2.36E-04 2.74E-04 3.73E-04 3.74E-04 3.12E-04 1.32E-04 8.95E-05 3.74E-04 5.88E-04
Piscivore (TL-IV) Jack 3.03E-04 3.42E-04 4.85E-04 5.28E-04 4.81E-04 1.93E-04 1.35E-04 5.80E-04 9.13E-04



Reef / Vessel Community
Attached Algae 4.41E-06 5.17E-06 6.64E-06 6.42E-06 5.21E-06 2.24E-06 1.73E-06 7.23E-06 1.14E-05
Sessile filter feeder (TL-II) Bivalve 1.04E-04 1.21E-04 1.53E-04 1.42E-04 1.10E-04 4.89E-05 3.77E-05 1.58E-04 2.49E-04
Invertibrate Omnivore (TL-II) Urchin 2.12E-02 2.48E-02 3.37E-02 3.32E-02 2.70E-02 1.16E-02 7.74E-03 1.69E-02 1.72E-02
Invertibrate Forager (TL-III) Crab 1.87E-02 2.49E-02 3.75E-02 4.55E-02 4.44E-02 2.21E-02 1.66E-02 3.62E-02 3.67E-02
Vertibrate Forager (TL-III) Triggerfish 1.45E-02 1.70E-02 2.37E-02 3.20E-02 5.68E-02 3.04E-02 3.01E-02 6.55E-02 6.66E-02
Predator (TL-IV) Grouper 1.35E-02 1.57E-02 2.23E-02 2.37E-02 4.84E-02 3.52E-02 5.15E-02 1.13E-01 1.15E-01



Benthic Community
Infaunal invert. (TL-II) 3.61E-05 4.22E-05 5.37E-05 5.01E-05 3.92E-05 1.74E-05 1.32E-05 5.48E-05 8.62E-05
Epifaunal invert. (TL-II) 1.00E-04 1.17E-04 1.52E-04 1.44E-04 1.14E-04 5.03E-05 3.64E-05 1.51E-04 2.37E-04
Forager (TL-III) Lobster 2.29E-04 2.68E-04 3.61E-04 3.54E-04 2.87E-04 1.24E-04 8.42E-05 3.45E-04 5.42E-04
Predator (TL-IV) Flounder 7.22E-04 8.44E-04 1.20E-03 1.25E-03 1.08E-03 4.49E-04 2.92E-04 1.18E-03 1.86E-03



Air concentration (g/m3) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.68E-17 5.26E-17
Upper Water Column



Fugacity (Pa)
Water concentration (mg/L) 1.90E-14 2.53E-14 3.25E-14 3.54E-14 2.83E-14 1.30E-14 8.91E-15 1.02E-12 1.13E-12
Suspended solids concentration (mg/kg) 2.81E-10 3.68E-10 4.62E-10 5.53E-10 5.50E-10 2.32E-10 1.92E-10 1.33E-08 1.48E-08
Dissolved organic carbon  (mg/kg) 1.87E-09 2.45E-09 3.08E-09 3.69E-09 3.66E-09 1.55E-09 1.28E-09 1.78E-07 1.98E-07
Bulk Upper Water Col (mg/L) 3.95E-12 5.18E-12 6.50E-12 7.78E-12 7.72E-12 3.27E-12 2.70E-12 2.40E-10 2.67E-10



Lower Water Column
Fugacity (Pa)
Water concentration (mg/L) 2.68E-09 3.14E-09 4.03E-09 3.89E-09 3.16E-09 1.36E-09 1.05E-09 4.39E-09 6.90E-09
Suspended solids concentration (mg/kg) 4.42E-05 4.46E-05 5.67E-05 6.04E-05 6.17E-05 2.37E-05 2.20E-05 1.08E-04 1.70E-04
Dissolved organic carbon  (mg/kg) 2.95E-04 2.97E-04 3.78E-04 4.03E-04 4.11E-04 1.58E-04 1.47E-04 9.88E-04 1.55E-03
Bulk Lower Water Col (mg/L) 6.22E-07 6.27E-07 7.98E-07 8.49E-07 8.67E-07 3.33E-07 3.09E-07 1.68E-06 2.64E-06



Appendix D1.1 Concentrations in tissue and abiotic compartment predicted by the TDM-PRAM model for day 0 - 2 yr for 15 m from the hull and steady 
concentrations predicted by PRAM with a ZOI=2 and 1.



steady state
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Appendix D1.1 TPCB 0-15m Cont.



0-15 m of Reef 1day 1wk 2wk 1mon 6mon 1yr 2yr ZOI=2 ZOI=1
Days Since Sinking 1 7 14 28 180 365 730 765 800



Tissue Conc. (mg/kg-WW) Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB



Inside the Vessel
Fugacity (Pa)
Water concentration (mg/L) 2.08E-06 2.44E-06 3.13E-06 3.03E-06 2.46E-06 1.06E-06 8.16E-07 1.80E-06 1.80E-06
Suspended solids concentration (mg/kg) 3.44E-02 3.47E-02 4.41E-02 4.70E-02 4.80E-02 1.84E-02 1.71E-02 4.44E-02 4.44E-02
Dissolved organic carbon  (mg/kg) 2.30E-01 2.31E-01 2.94E-01 3.13E-01 3.20E-01 1.23E-01 1.14E-01 4.06E-01 4.06E-01
Bulk Water Inside Vessel (mg/L) 4.84E-04 4.88E-04 6.21E-04 6.61E-04 6.74E-04 2.59E-04 2.40E-04 6.89E-04 6.89E-04



Sediment Bed
Fugacity (Pa)
Pore Water concentration (mg/L) 2.68E-09 3.14E-09 4.03E-09 3.89E-09 3.16E-09 1.36E-09 1.05E-09 4.39E-09 6.90E-09
Sediment concentration  (mg/kg) 1.62E-06 2.39E-06 3.06E-06 4.58E-06 4.79E-06 3.94E-06 3.75E-06 7.19E-06 1.13E-05
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1 1wk 2wk 1mon 6mon 1yr 2yr ZOI=5
Days Since Sinking 1 7 14 28 180 365 730 800



Tissue Conc. (mg/kg-WW) Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB
Pelagic Community steady state



Phytoplankton (TL1) 5.12E-11 6.81E-11 8.76E-11 9.54E-11 7.62E-11 3.51E-11 2.40E-11 1.54E-09
Zooplankton (TL-II) 4.26E-05 4.96E-05 6.26E-05 5.83E-05 4.60E-05 2.02E-05 1.57E-05 4.48E-05
Planktivore (TL-III) Herring 2.04E-04 2.36E-04 3.22E-04 3.22E-04 2.69E-04 1.14E-04 7.72E-05 2.17E-04
Piscivore (TL-IV) Jack 2.61E-04 2.95E-04 4.18E-04 4.55E-04 4.15E-04 1.66E-04 1.17E-04 3.37E-04



Reef / Vessel Community
Attached Algae 3.80E-06 4.45E-06 5.72E-06 5.53E-06 4.49E-06 1.93E-06 1.49E-06 4.20E-06
Sessile filter feeder (TL-II) Bivalve 8.94E-05 1.05E-04 1.32E-04 1.22E-04 9.52E-05 4.22E-05 3.25E-05 9.19E-05
Invertibrate Omnivore (TL-II) Urchin 2.11E-02 2.48E-02 3.36E-02 3.32E-02 2.69E-02 1.16E-02 7.73E-03 1.67E-02
Invertibrate Forager (TL-III) Crab 1.87E-02 2.49E-02 3.75E-02 4.54E-02 4.44E-02 2.20E-02 1.66E-02 3.59E-02
Vertibrate Forager (TL-III) Triggerfish 1.44E-02 1.68E-02 2.35E-02 3.18E-02 5.66E-02 3.03E-02 3.01E-02 6.47E-02
Predator (TL-IV) Grouper 1.34E-02 1.56E-02 2.21E-02 2.35E-02 4.83E-02 3.51E-02 5.14E-02 1.11E-01



Benthic Community
Infaunal invert. (TL-II) 3.11E-05 3.64E-05 4.63E-05 4.32E-05 3.38E-05 1.50E-05 1.14E-05 3.18E-05
Epifaunal invert. (TL-II) 8.65E-05 1.01E-04 1.31E-04 1.24E-04 9.83E-05 4.33E-05 3.13E-05 8.74E-05
Forager (TL-III) Lobster 1.97E-04 2.31E-04 3.11E-04 3.05E-04 2.48E-04 1.07E-04 7.25E-05 2.00E-04
Predator (TL-IV) Flounder 6.22E-04 7.27E-04 1.03E-03 1.08E-03 9.27E-04 3.87E-04 2.52E-04 6.88E-04
Abiotic Conc.
Air concentration (g/m3) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.68E-17



Upper Water Column
Fugacity (Pa)
Water concentration (mg/L) 3.10E-14 4.14E-14 5.32E-14 5.79E-14 4.62E-14 2.13E-14 1.46E-14 9.32E-13
Suspended solids concentration (mg/kg) 4.60E-10 6.02E-10 7.56E-10 9.05E-10 8.99E-10 3.80E-10 3.14E-10 1.22E-08
Dissolved organic carbon  (mg/kg) 3.06E-09 4.02E-09 5.04E-09 6.03E-09 6.00E-09 2.53E-09 2.09E-09 1.63E-07
Bulk Upper Water Col (mg/L) 6.46E-12 8.47E-12 1.06E-11 1.27E-11 1.26E-11 5.34E-12 4.41E-12 2.21E-10



Lower Water Column
Fugacity (Pa)
Water concentration (mg/L) 2.31E-09 2.70E-09 3.47E-09 3.36E-09 2.73E-09 1.17E-09 9.05E-10 2.55E-09
Suspended solids concentration (mg/kg) 3.81E-05 3.84E-05 4.89E-05 5.21E-05 5.32E-05 2.04E-05 1.90E-05 6.27E-05
Dissolved organic carbon  (mg/kg) 2.54E-04 2.56E-04 3.26E-04 3.47E-04 3.54E-04 1.36E-04 1.26E-04 5.74E-04
Bulk Lower Water Col (mg/L) 5.36E-07 5.40E-07 6.88E-07 7.32E-07 7.47E-07 2.87E-07 2.66E-07 9.73E-07



Appendix D1.2. Concentrations in tissue and abiotic compartment predicted by the TDM-PRAM model for day 0 - 2 yr for 0-45 m from the 
hull and steady concentrations predicted by PRAM with a ZOI=5.



0 - 45 m From Reef
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D1.2 TPCB 0-45m Cont. 



1 1wk 2wk 1mon 6mon 1yr 2yr ZOI=5
Days Since Sinking 1 7 14 28 180 365 730 800



Tissue Conc. (mg/kg-WW) Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB



Inside the Vessel
Fugacity (Pa)
Water concentration (mg/L) 2.08E-06 2.44E-06 3.13E-06 3.03E-06 2.46E-06 1.06E-06 8.16E-07 1.80E-06
Suspended solids concentration (mg/kg) 3.44E-02 3.47E-02 4.41E-02 4.70E-02 4.80E-02 1.84E-02 1.71E-02 4.44E-02
Dissolved organic carbon  (mg/kg) 2.30E-01 2.31E-01 2.94E-01 3.13E-01 3.20E-01 1.23E-01 1.14E-01 4.06E-01
Bulk Water Inside Vessel (mg/L) 4.84E-04 4.88E-04 6.21E-04 6.61E-04 6.74E-04 2.59E-04 2.40E-04 6.89E-04



Sediment Bed
Fugacity (Pa)
Pore Water concentration (mg/L) 2.31E-09 2.70E-09 3.47E-09 3.36E-09 2.73E-09 1.17E-09 9.05E-10 2.55E-09
Sediment concentration  (mg/kg) 1.39E-06 2.06E-06 2.64E-06 3.95E-06 4.13E-06 3.39E-06 3.23E-06 4.18E-06
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0-60 m from Reef 1 1wk 2wk 1mon 6mon 1yr 2yr ZOI=5
Days Since Sinking 1 7 14 28 180 365 730 steady state



Tissue Conc. (mg/kg-WW) Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB
Pelagic Community



Phytoplankton (TL1) 5.87E-11 7.82E-11 1.01E-10 1.09E-10 8.75E-11 4.03E-11 2.76E-11 1.54E-09
Zooplankton (TL-II) 4.00E-05 4.65E-05 5.88E-05 5.47E-05 4.32E-05 1.90E-05 1.47E-05 4.48E-05
Planktivore (TL-III) Herring 1.91E-04 2.22E-04 3.02E-04 3.02E-04 2.52E-04 1.07E-04 7.24E-05 2.17E-04
Piscivore (TL-IV) Jack 2.45E-04 2.77E-04 3.93E-04 4.27E-04 3.90E-04 1.56E-04 1.09E-04 3.37E-04



Reef / Vessel Community
Attached Algae 3.57E-06 4.18E-06 5.37E-06 5.19E-06 4.22E-06 1.81E-06 1.40E-06 4.20E-06
Sessile filter feeder (TL-II) Bivalve 8.39E-05 9.82E-05 1.24E-04 1.15E-04 8.94E-05 3.96E-05 3.05E-05 9.19E-05
Invertibrate Omnivore (TL-II) Urchin 2.11E-02 2.48E-02 3.36E-02 3.32E-02 2.69E-02 1.16E-02 7.72E-03 1.67E-02
Invertibrate Forager (TL-III) Crab 1.87E-02 2.49E-02 3.75E-02 4.54E-02 4.43E-02 2.20E-02 1.66E-02 3.59E-02
Vertibrate Forager (TL-III) Triggerfish 1.44E-02 1.68E-02 2.35E-02 3.17E-02 5.65E-02 3.03E-02 3.01E-02 6.47E-02
Predator (TL-IV) Grouper 1.34E-02 1.56E-02 2.21E-02 2.35E-02 4.82E-02 3.51E-02 5.13E-02 1.11E-01



Benthic Community
Infaunal invert. (TL-II) 2.92E-05 3.42E-05 4.35E-05 4.06E-05 3.17E-05 1.41E-05 1.07E-05 3.18E-05
Epifaunal invert. (TL-II) 8.12E-05 9.50E-05 1.23E-04 1.17E-04 9.23E-05 4.07E-05 2.94E-05 8.74E-05
Forager (TL-III) Lobster 1.85E-04 2.17E-04 2.92E-04 2.87E-04 2.33E-04 1.01E-04 6.81E-05 2.00E-04
Predator (TL-IV) Flounder 5.84E-04 6.83E-04 9.68E-04 1.01E-03 8.71E-04 3.63E-04 2.36E-04 6.88E-04



Air concentration (g/m3) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.68E-17
Upper Water Column



Fugacity (Pa)
Water concentration (mg/L) 3.56E-14 4.75E-14 6.10E-14 6.64E-14 5.31E-14 2.44E-14 1.67E-14 9.32E-13
Suspended solids concentration (mg/kg) 5.27E-10 6.92E-10 8.67E-10 1.04E-09 1.03E-09 4.36E-10 3.61E-10 1.22E-08
Dissolved organic carbon  (mg/kg) 3.52E-09 4.61E-09 5.78E-09 6.92E-09 6.88E-09 2.91E-09 2.40E-09 1.63E-07
Bulk Upper Water Col (mg/L) 7.42E-12 9.73E-12 1.22E-11 1.46E-11 1.45E-11 6.13E-12 5.06E-12 2.21E-10



Lower Water Column
Fugacity (Pa)
Water concentration (mg/L) 2.16E-09 2.54E-09 3.26E-09 3.15E-09 2.56E-09 1.10E-09 8.49E-10 2.55E-09
Suspended solids concentration (mg/kg) 3.58E-05 3.61E-05 4.59E-05 4.89E-05 4.99E-05 1.92E-05 1.78E-05 6.27E-05
Dissolved organic carbon  (mg/kg) 2.38E-04 2.40E-04 3.06E-04 3.26E-04 3.33E-04 1.28E-04 1.19E-04 5.74E-04
Bulk Lower Water Col (mg/L) 5.03E-07 5.07E-07 6.46E-07 6.87E-07 7.01E-07 2.69E-07 2.50E-07 9.73E-07



Appendix D1.3 Concentrations in tissue and abiotic compartments predicted by the TDM-PRAM model for day 0-2 yr for 0-60 m from the 
hull and steady concentrations predicted by PRAM with a ZOI=5.
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D1.3 TPCB 0-60m Cont.



0-60 m from Reef 1 1wk 2wk 1mon 6mon 1yr 2yr ZOI=5
Days Since Sinking 1 7 14 28 180 365 730 steady state



Tissue Conc. (mg/kg-WW) Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB Total PCB



Inside the Vessel
Fugacity (Pa)
Water concentration (mg/L) 2.08E-06 2.44E-06 3.13E-06 3.03E-06 2.46E-06 1.06E-06 8.16E-07 1.80E-06
Suspended solids concentration (mg/kg) 3.44E-02 3.47E-02 4.41E-02 4.70E-02 4.80E-02 1.84E-02 1.71E-02 4.44E-02
Dissolved organic carbon  (mg/kg) 2.30E-01 2.31E-01 2.94E-01 3.13E-01 3.20E-01 1.23E-01 1.14E-01 4.06E-01
Bulk Water Inside Vessel (mg/L) 4.84E-04 4.88E-04 6.21E-04 6.61E-04 6.74E-04 2.59E-04 2.40E-04 6.89E-04



Sediment Bed
Fugacity (Pa)
Pore Water concentration (mg/L) 2.16E-09 2.54E-09 3.26E-09 3.15E-09 2.56E-09 1.10E-09 8.49E-10 2.55E-09
Sediment concentration  (mg/kg) 1.31E-06 1.93E-06 2.48E-06 3.71E-06 3.87E-06 3.19E-06 3.04E-06 4.18E-06
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D2.1 HQ1day



Days Since Sinking 1
Water Benchmarks
WQC-Chronic GLWLC-Tier1 GLWLC



mg/L 0.00003 7.40E-05 1.40E-04
Hazard Quotients (HQ)



Upper Water Column 0.0000001 0.0000001 0.0000000
Lower Water Column 0.0207356 0.0084063 0.0044433



Inside the Vessel 16.1414750 6.5438412 3.4588875
Sediment Pore Water 0.0000892 0.0000362 0.0000191



Sediment Benchmarks
TEL PEL



mg/Kg 0.0216000 0.1890000
Hazard Quotients (HQ)



Bulk sediment 0.0539845 0.0218856



Tissue Residue Benchmarks
OPPTS Assessment Factor 1 1 1 10 10 10 10



TSV Bcv-Invert Bcv-Fish Invert-NOED Invert-LOED Fish-NOED Fish-LOED
mg/Kg wet 0.4368 0.9360 7.4463 0.0600 0.1100 0.1500 0.1800



Pelagic Community Hazard Quotients (HQ)
Phytoplankton (TL1) 0.0000000 0.0000000 0.0000000 0.0000000
Zooplankton (TL-II) 0.0001132 0.0000528 0.0008240 0.0004495
Planktivore (TL-III) Herring 0.0005412 0.0000317 0.0015761 0.0013134
Piscivore (TL-IV) Jack 0.0006933 0.0000407 0.0020188 0.0016823



Reef / Vessel Community
Attached Algae 0.0000101 0.0000047 0.0000735 0.0000401
Sessile filter feeder (TL-II) Bivalve 0.0002374 0.0001108 0.0017283 0.0009427
Invertibrate Omnivore (TL-II) Urch 0.0484856 0.0226266 0.3529755 0.1925321
Invertibrate Forager (TL-III) Crab 0.0428151 0.0199804 0.3116941 0.1700150
Vertibrate Forager (TL-III) Trigge 0.0332622 0.0019512 0.0968595 0.0807162
Predator (TL-IV) Grouper 0.0309351 0.0018147 0.0900829 0.0750691



Benthic Community
Infaunal invert. (TL-II) 0.0000826 0.0000385 0.0006010 0.0003278
Epifaunal invert. (TL-II) 0.0002299 0.0001073 0.0016735 0.0009128
Forager (TL-III) Lobster 0.0005246 0.0002448 0.0038189 0.0020831
Predator (TL-IV) Flounder 0.0016536 0.0000970 0.0048152 0.0040126
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D2.1 HQ1day



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) Bivalve
Invertibrate Omnivore (TL-II) Urch
Invertibrate Forager (TL-III) Crab
Vertibrate Forager (TL-III) Trigge
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



1



Hazard Quotients



Benchmark



10 10 10 10 10 10 10
Dolphin-NOAELDolphin-LOAELCormor-NOAELCormor-LOAELGull-NOAEL Gull-LOAEL Turtle-NOAEL



0.0317 0.1583 0.0800 0.8000 0.0833 0.8333 0.2179



0.0074682 0.0014936 0.0029551 0.0002955 0.0028369 0.0002837
0.0095663 0.0019133 0.0037853 0.0003785 0.0036339 0.0003634



0.0032760 0.0006552 0.0012444 0.0001244 0.0004760
0.6690410 0.1338082 0.2541424 0.0254142 0.0972032
0.5907948 0.1181590 0.2244197 0.0224420 0.0858350
0.4589763 0.0917953 0.1816115 0.0181612 0.1743471 0.0174347
0.4268651 0.0853730 0.1689055 0.0168906 0.1621493 0.0162149



0.0004327 0.0000433 0.0001655
0.0031720 0.0006344 0.0012049 0.0001205 0.0004608
0.0072385 0.0014477 0.0027496 0.0002750 0.0010517
0.0228170 0.0045634 0.0090284 0.0009028 0.0086673 0.0008667
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D2.1 HQ1day



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) Bivalve
Invertibrate Omnivore (TL-II) Urch
Invertibrate Forager (TL-III) Crab
Vertibrate Forager (TL-III) Trigge
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



1



10 10 10
Turtle-LOAEL Shark-NOAEL Shark-LOAEL



1.0894 0.2520 0.4066



0.0009383 0.0005815
0.0012018 0.0007448



0.0000952
0.0194406
0.0171670



0.0576626 0.0357346
0.0536283 0.0332345



0.0000331
0.0000922
0.0002103



0.0028666 0.0017765
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D2.1 HQ7day



Days Since Sinking 7



Water Benchmarks WQC-Chronic GLWLC-Tier1 GLWLC
mg/L 0.00003 7.40E-05 1.40E-04



Hazard Quotients (HQ)
Upper Water Column 0.0000002 0.0000001 3.70E-08
Lower Water Column 0.0209016 0.0084736 0.0044789



Inside the Vessel 16.2590946 6.5915249 3.4840917
Sediment Pore Water 0.0001045 0.0000424 0.0000224



Sediment Benchmarks TEL PEL
mg/Kg 0.0216000 0.1890000



Hazard Quotients (HQ)
Bulk sediment 0.0797240 0.0323206



Tissue Residue Benchmarks
OPPTS Assessment Factor 1 1 1 10 10 10 10



7 TSV Bcv-Invert Bcv-Fish Invert-NOED Invert-LOED Fish-NOED Fish-LOED
mg/Kg wet 0.4368 0.9360 7.4463 0.0600 0.1100 0.1500 0.1800



Pelagic Community Hazard Quotients (HQ)
Phytoplankton (TL1) 0.0000000 0.0000000 0.0000000 0.0000000
Zooplankton (TL-II) 0.0001317 0.0000614 0.0009584 0.0005228
Planktivore (TL-III) Herring 0.0006268 0.0000368 0.0018251 0.0015209
Piscivore (TL-IV) Jack 0.0007825 0.0000459 0.0022786 0.0018989



Reef / Vessel Community
Attached Algae 0.0000118 0.0000055 0.0000861 0.0000470
Sessile filter feeder (TL-II) Bivalve 0.0002777 0.0001296 0.0020219 0.0011029
Invertibrate Omnivore (TL-II) Urchin 0.0568812 0.0265445 0.4140948 0.2258699
Invertibrate Forager (TL-III) Crab 0.0570099 0.0266046 0.4150321 0.2263812
Vertibrate Forager (TL-III) Triggerfish 0.0388250 0.0022775 0.1130583 0.0942153
Predator (TL-IV) Grouper 0.0359396 0.0021082 0.1046561 0.0872134



Benthic Community
Infaunal invert. (TL-II) 0.0000967 0.0000451 0.0007036 0.0003838
Epifaunal invert. (TL-II) 0.0002688 0.0001255 0.0019572 0.0010675
Forager (TL-III) Lobster 0.0006139 0.0002865 0.0044693 0.0024378
Predator (TL-IV) Flounder 0.0019318 0.0001133 0.0056254 0.0046878
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D2.1 HQ7day



Days Since Sinking



Water Benchmarks
mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



Sediment Benchmarks
mg/Kg



Bulk sediment 



OPPTS Assessment Factor
7



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) Bivalve
Invertibrate Omnivore (TL-II) Urchin
Invertibrate Forager (TL-III) Crab
Vertibrate Forager (TL-III) Triggerfish
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



7



Hazard Quotients
Benchmark



10 10 10 10 10 10 10
Dolphin-NOAELDolphin-LOAELCormor-NOAELCormor-LOAELGull-NOAEL Gull-LOAEL Turtle-NOAEL



0.0317 0.1583 0.0800 0.8000 0.0833 0.8333 0.2179



0.0086485 0.0017297 0.0034221 0.0003422 0.0032852 0.0003285
0.0107975 0.0021595 0.0042724 0.0004272 0.0041015 0.0004102



0.0038324 0.0007665 0.0014558 0.0001456 0.0005568
0.7848884 0.1569777 0.2981483 0.0298148 0.1140344
0.7866650 0.1573330 0.2988231 0.0298823 0.1142925
0.5357359 0.1071472 0.2119844 0.0211984 0.2035050 0.0203505
0.4959213 0.0991843 0.1962302 0.0196230 0.1883810 0.0188381



0.0005066 0.0000507 0.0001938
0.0037097 0.0007419 0.0014092 0.0001409 0.0005390
0.0084712 0.0016942 0.0032179 0.0003218 0.0012308
0.0266563 0.0053313 0.0105476 0.0010548 0.0101257 0.0010126
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D2.1 HQ7day



Days Since Sinking



Water Benchmarks
mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



Sediment Benchmarks
mg/Kg



Bulk sediment 



OPPTS Assessment Factor
7



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) Bivalve
Invertibrate Omnivore (TL-II) Urchin
Invertibrate Forager (TL-III) Crab
Vertibrate Forager (TL-III) Triggerfish
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



7



10 10 10
Turtle-LOAEL Shark-NOAEL Shark-LOAEL



1.0894 0.2520 0.4066



0.0010865 0.0006733
0.0013565 0.0008407



0.0001114
0.0228069
0.0228585



0.0673061 0.0417108
0.0623041 0.0386110



0.0000388
0.0001078
0.0002462



0.0033489 0.0020754
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D2.1 HQ14day



Days Since Sinking 14
Water Benchmarks
WQC-Chronic GLWLC-Tier1 GLWLC



mg/L 0.00003 7.40E-05 1.40E-04
Hazard Quotients (HQ)



Upper Water Column 0.0000002 0.0000001 4.64E-08
Lower Water Column 0.0265914 0.0107803 0.0056982



Inside the Vessel 20.6846491 8.3856686 4.4324248
Sediment Pore Water 0.0001342 0.0000544 0.0000288



Sediment Benchmarks
TEL PEL



mg/Kg 0.0216000 0.1890000
Hazard Quotients (HQ)



Bulk sediment 0.1021526 0.0414132



Tissue Residue Benchmarks
OPPTS Assessment Factor 1 1 1 10 10 10 10



14 TSV Bcv-Invert Bcv-Fish Invert-NOED Invert-LOED Fish-NOED Fish-LOED
mg/Kg wet 0.4368 0.9360 7.4463 0.0600 0.1100 0.1500 0.1800



Pelagic Community Hazard Quotients (HQ)
Phytoplankton (TL1) 0.0000000 0.0000000 0.0000000 0.0000000
Zooplankton (TL-II) 0.0001662 0.0000776 0.0012100 0.0006600
Planktivore (TL-III) Herring 0.0008549 0.0000501 0.0024895 0.0020745
Piscivore (TL-IV) Jack 0.0011111 0.0000652 0.0032354 0.0026962
Reef / Vessel Community
Attached Algae 0.0000152 0.0000071 0.0001106 0.0000603
Sessile filter feeder (TL-II) B 0.0003503 0.0001635 0.0025504 0.0013911
Invertibrate Omnivore (TL-II 0.0771842 0.0360193 0.5619008 0.3064914
Invertibrate Forager (TL-III) 0.0859509 0.0401104 0.6257225 0.3413032
Vertibrate Forager (TL-III) T 0.0542344 0.0031814 0.1579306 0.1316088
Predator (TL-IV) Grouper 0.0509540 0.0029890 0.1483781 0.1236484



Benthic Community
Infaunal invert. (TL-II) 0.0001230 0.0000574 0.0008952 0.0004883
Epifaunal invert. (TL-II) 0.0003489 0.0001628 0.0025400 0.0013854
Forager (TL-III) Lobster 0.0008270 0.0003859 0.0060206 0.0032840
Predator (TL-IV) Flounder 0.0027387 0.0001607 0.0079751 0.0066459
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D2.1 HQ14day



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor
14



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) B
Invertibrate Omnivore (TL-II
Invertibrate Forager (TL-III) 
Vertibrate Forager (TL-III) T
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



14



Hazard Quotients
Benchmark



10 10 10 10 10 10 10
Dolphin-NOAELDolphin-LOAELCormor-NOAELCormor-LOAELGull-NOAEL Gull-LOAEL Turtle-NOAEL



0.0317 0.1583 0.0800 0.8000 0.0833 0.8333 0.2179



0.0117965 0.0023593 0.0046677 0.0004668 0.0044810 0.0004481
0.0153314 0.0030663 0.0060665 0.0006066 0.0058238 0.0005824



0.0048341 0.0009668 0.0018363 0.0001836 0.0007023
1.0650446 0.2130089 0.4045686 0.0404569 0.1547375
1.1860142 0.2372028 0.4505202 0.0450520 0.1723129
0.7483667 0.1496733 0.2961199 0.0296120 0.2842751 0.0284275
0.7031011 0.1406202 0.2782089 0.0278209 0.2670805 0.0267080



0.0006445 0.0000645 0.0002465
0.0048144 0.0009629 0.0018288 0.0001829 0.0006995
0.0114116 0.0022823 0.0043348 0.0004335 0.0016580
0.0377907 0.0075581 0.0149533 0.0014953 0.0143552 0.0014355
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D2.1 HQ14day



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor
14



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) B
Invertibrate Omnivore (TL-II
Invertibrate Forager (TL-III) 
Vertibrate Forager (TL-III) T
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



14



10 10 10
Turtle-LOAEL Shark-NOAEL Shark-LOAEL



1.0894 0.2520 0.4066



0.0014820 0.0009184
0.0019261 0.0011937



0.0001405
0.0309475
0.0344626



0.0940196 0.0582656
0.0883327 0.0547414



0.0000493
0.0001399
0.0003316



0.0047478 0.0029423
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D2.1 HQ28day



Days Since Sinking 28
Water Benchmarks
WQC-Chronic GLWLC-Tier1 GLWLC



mg/L 0.00003 7.40E-05 1.40E-04
Hazard Quotients (HQ)



Upper Water Column 0.0000003 0.0000001 0.0000001
Lower Water Column 0.0283111 0.0114775 0.0060667



Inside the Vessel 22.0198129 8.9269512 4.7185313
Sediment Pore Water 0.0001298 0.0000526 0.0000278



Sediment Benchmarks
TEL PEL



mg/Kg 0.0216000 0.1890000
Hazard Quotients (HQ)



Bulk sediment 0.1528243 0.0619558



Tissue Residue Benchmarks
OPPTS Assessment Factor 1 1 1 10 10 10 10



28 TSV Bcv-Invert Bcv-Fish Invert-NOED Invert-LOED Fish-NOED Fish-LOED
mg/Kg wet 0.4368 0.9360 7.4463 0.0600 0.1100 0.1500 0.1800



Pelagic Community Hazard Quotients
Phytoplankton (TL1) 0.0000000 0.0000000 0.0000000 0.0000000
Zooplankton (TL-II) 0.0001548 0.0000723 0.0011271 0.0006148
Planktivore (TL-III) Herring 0.0008556 0.0000502 0.0024915 0.0020762
Piscivore (TL-IV) Jack 0.0012079 0.0000709 0.0035173 0.0029311
Reef / Vessel Community
Attached Algae 0.0000147 0.0000069 0.0001069 0.0000583
Sessile filter feeder (TL-II) B 0.0003246 0.0001515 0.0023631 0.0012889
Invertibrate Omnivore (TL-II 0.0761159 0.0355207 0.5541236 0.3022492
Invertibrate Forager (TL-III) 0.1041676 0.0486116 0.7583404 0.4136402
Vertibrate Forager (TL-III) T 0.0731544 0.0042913 0.2130256 0.1775214
Predator (TL-IV) Grouper 0.0542258 0.0031809 0.1579055 0.1315879



Benthic Community
Infaunal invert. (TL-II) 0.0001148 0.0000536 0.0008355 0.0004557
Epifaunal invert. (TL-II) 0.0003303 0.0001541 0.0024044 0.0013115
Forager (TL-III) Lobster 0.0008109 0.0003784 0.0059033 0.0032200
Predator (TL-IV) Flounder 0.0028694 0.0001683 0.0083556 0.0069630
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D2.1 HQ28day



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor
28



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) B
Invertibrate Omnivore (TL-II
Invertibrate Forager (TL-III) 
Vertibrate Forager (TL-III) T
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



28



10 10 10 10 10 10 10
Dolphin-NOAELDolphin-LOAELCormor-NOAELCormor-LOAELGull-NOAEL Gull-LOAEL Turtle-NOAEL



0.0317 0.1583 0.0800 0.8000 0.0833 0.8333 0.2179



0.0118061 0.0023612 0.0046715 0.0004672 0.0044847 0.0004485
0.0166669 0.0033334 0.0065949 0.0006595 0.0063311 0.0006331



0.0044790 0.0008958 0.0017014 0.0001701 0.0006507
1.0503033 0.2100607 0.3989690 0.0398969 0.1525958
1.4373823 0.2874765 0.5460051 0.0546005 0.2088335
1.0094387 0.2018877 0.3994230 0.0399423 0.3834461 0.0383446
0.7482477 0.1496495 0.2960728 0.0296073 0.2842299 0.0284230



0.0006015 0.0000602 0.0002301
0.0045573 0.0009115 0.0017312 0.0001731 0.0006621
0.0111894 0.0022379 0.0042504 0.0004250 0.0016257
0.0395938 0.0079188 0.0156668 0.0015667 0.0150401 0.0015040
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D2.1 HQ28day



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor
28



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) B
Invertibrate Omnivore (TL-II
Invertibrate Forager (TL-III) 
Vertibrate Forager (TL-III) T
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



28



10 10 10
Turtle-LOAEL Shark-NOAEL Shark-LOAEL



1.0894 0.2520 0.4066



0.0014832 0.0009192
0.0020939 0.0012976



0.0001301
0.0305192
0.0417667



0.1268188 0.0785919
0.0940046 0.0582564



0.0000460
0.0001324
0.0003251



0.0049743 0.0030827
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D2.1 HQ180day



Days Since Sinking 180
Water Benchmarks
WQC-Chronic GLWLC-Tier1 GLWLC



mg/L 0.00003 7.40E-05 1.40E-04
Hazard Quotients (HQ)



Upper Water Column 0.0000003 0.0000001 0.0000001
Lower Water Column 0.0288917 0.0117128 0.0061911



Inside the Vessel 22.4709916 9.1098615 4.8152125
Sediment Pore Water 0.0001054 0.0000427 0.0000226



Sediment Benchmarks
TEL PEL



mg/Kg 0.0216000 0.1890000
Hazard Quotients (HQ)



Bulk sediment 0.1595598 0.0646864



Tissue Residue Benchmarks
OPPTS Assessment Factor 1 1 1 10 10 10 10



180 TSV Bcv-Invert Bcv-Fish Invert-NOED Invert-LOED Fish-NOED Fish-LOED
mg/Kg wet 0.4368 0.9360 7.4463 0.0600 0.1100 0.1500 0.1800



Pelagic Community Hazard Quotients (HQ)
Phytoplankton (TL1) 0.0000000 0.0000000 0.0000000 0.0000000
Zooplankton (TL-II) 0.0001221 0.0000570 0.0008892 0.0004850
Planktivore (TL-III) Herring 0.0007137 0.0000419 0.0020782 0.0017319
Piscivore (TL-IV) Jack 0.0011018 0.0000646 0.0032084 0.0026737
Reef / Vessel Community
Attached Algae 0.0000119 0.0000056 0.0000869 0.0000474
Sessile filter feeder (TL-II) B 0.0002529 0.0001180 0.0018411 0.0010042
Invertibrate Omnivore (TL-II 0.0618117 0.0288454 0.4499889 0.2454485
Invertibrate Forager (TL-III) 0.1017598 0.0474879 0.7408115 0.4040790
Vertibrate Forager (TL-III) T 0.1299843 0.0076249 0.3785143 0.3154286
Predator (TL-IV) Grouper 0.1108650 0.0065034 0.3228389 0.2690324



Benthic Community
Infaunal invert. (TL-II) 0.0000898 0.0000419 0.0006538 0.0003566
Epifaunal invert. (TL-II) 0.0002610 0.0001218 0.0019001 0.0010364
Forager (TL-III) Lobster 0.0006577 0.0003069 0.0047881 0.0026117
Predator (TL-IV) Flounder 0.0024628 0.0001445 0.0071716 0.0059763
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D2.1 HQ180day



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor
180



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) B
Invertibrate Omnivore (TL-II
Invertibrate Forager (TL-III) 
Vertibrate Forager (TL-III) T
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



180



Hazard Quotients
Benchmark



10 10 10 10 10 10 10
Dolphin-NOAELDolphin-LOAELCormor-NOAELCormor-LOAELGull-NOAEL Gull-LOAEL Turtle-NOAEL



0.0317 0.1583 0.0800 0.8000 0.0833 0.8333 0.2179



0.0098479 0.0019696 0.0038967 0.0003897 0.0037408 0.0003741
0.0152033 0.0030407 0.0060157 0.0006016 0.0057751 0.0005775



0.0034897 0.0006979 0.0013256 0.0001326 0.0005070
0.8529233 0.1705847 0.3239920 0.0323992 0.1239190
1.4041576 0.2808315 0.5333843 0.0533384 0.2040064
1.7936200 0.3587240 0.7097144 0.0709714 0.6813258 0.0681326
1.5297977 0.3059595 0.6053230 0.0605323 0.5811100 0.0581110



0.0004707 0.0000471 0.0001800
0.0036014 0.0007203 0.0013680 0.0001368 0.0005232
0.0090755 0.0018151 0.0034474 0.0003447 0.0013186
0.0339831 0.0067966 0.0134467 0.0013447 0.0129088 0.0012909
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D2.1 HQ180day



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor
180



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) B
Invertibrate Omnivore (TL-II
Invertibrate Forager (TL-III) 
Vertibrate Forager (TL-III) T
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



180



10 10 10
Turtle-LOAEL Shark-NOAEL Shark-LOAEL



1.0894 0.2520 0.4066



0.0012372 0.0007667
0.0019100 0.0011837



0.0001014
0.0247838
0.0408013



0.2253379 0.1396460
0.1921931 0.1191056



0.0000360
0.0001046
0.0002637



0.0042694 0.0026458
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D2.1 HQ365day



Days Since Sinking 365
Water Benchmarks
WQC-Chronic GLWLC-Tier1 GLWLC



mg/L 0.00003 7.40E-05 1.40E-04
Hazard Quotients (HQ)



Upper Water Column 0.0000001 0.0000000 0.0000000
Lower Water Column 0.0110950 0.0044980 0.0023775



Inside the Vessel 8.6408607 3.5030516 1.8516130
Sediment Pore Water 0.0000453 0.0000184 0.0000097



Sediment Benchmarks
TEL PEL



mg/Kg 0.0216000 0.1890000
Hazard Quotients (HQ)



Bulk sediment 0.1312531 0.0532107



Tissue Residue Benchmarks
OPPTS Assessment Factor 1 1 1 10 10 10 10



365 TSV Bcv-Invert Bcv-Fish Invert-NOED Invert-LOED Fish-NOED Fish-LOED
mg/Kg wet 0.4368 0.9360 7.4463 0.0600 0.1100 0.1500 0.1800



Pelagic Community Hazard Quotients (HQ)
Phytoplankton (TL1) 0.0000000 0.0000000 0.0000000 0.0000000
Zooplankton (TL-II) 0.0000537 0.0000251 0.0003911 0.0002133
Planktivore (TL-III) Herring 0.0003026 0.0000177 0.0008811 0.0007342
Piscivore (TL-IV) Jack 0.0004418 0.0000259 0.0012864 0.0010720
Reef / Vessel Community
Attached Algae 0.0000051 0.0000024 0.0000373 0.0000204
Sessile filter feeder (TL-II) B 0.0001120 0.0000523 0.0008153 0.0004447
Invertibrate Omnivore (TL-II 0.0266238 0.0124244 0.1938213 0.1057207
Invertibrate Forager (TL-III) 0.0504933 0.0235635 0.3675911 0.2005042
Vertibrate Forager (TL-III) T 0.0695140 0.0040777 0.2024249 0.1686874
Predator (TL-IV) Grouper 0.0806254 0.0047295 0.2347811 0.1956509



Benthic Community
Infaunal invert. (TL-II) 0.0000399 0.0000186 0.0002905 0.0001585
Epifaunal invert. (TL-II) 0.0001151 0.0000537 0.0008378 0.0004570
Forager (TL-III) Lobster 0.0002847 0.0001329 0.0020726 0.0011305
Predator (TL-IV) Flounder 0.0010275 0.0000603 0.0029921 0.0024934
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D2.1 HQ365day



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor
365



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) B
Invertibrate Omnivore (TL-II
Invertibrate Forager (TL-III) 
Vertibrate Forager (TL-III) T
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



365



10 10 10 10 10 10 10
Dolphin-NOAELDolphin-LOAELCormor-NOAELCormor-LOAELGull-NOAEL Gull-LOAEL Turtle-NOAEL



0.0317 0.1583 0.0800 0.8000 0.0833 0.8333 0.2179



0.0041749 0.0008350 0.0016520 0.0001652 0.0015859 0.0001586
0.0060956 0.0012191 0.0024120 0.0002412 0.0023155 0.0002315



0.0015454 0.0003091 0.0005870 0.0000587 0.0002245
0.3673750 0.0734750 0.1395513 0.0139551 0.0533750
0.6967438 0.1393488 0.2646656 0.0264666 0.1012281
0.9592064 0.1918413 0.3795467 0.0379547 0.3643648 0.0364365
1.1125288 0.2225058 0.4402146 0.0440215 0.4226060 0.0422606



0.0002092 0.0000209 0.0000800
0.0015881 0.0003176 0.0006032 0.0000603 0.0002307
0.0039284 0.0007857 0.0014923 0.0001492 0.0005708
0.0141782 0.0028356 0.0056102 0.0005610 0.0053857 0.0005386
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D2.1 HQ365day



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor
365



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) B
Invertibrate Omnivore (TL-II
Invertibrate Forager (TL-III) 
Vertibrate Forager (TL-III) T
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



365



10 10 10
Turtle-LOAEL Shark-NOAEL Shark-LOAEL



1.0894 0.2520 0.4066



0.0005245 0.0003250
0.0007658 0.0004746



0.0000449
0.0106750
0.0202456



0.1205080 0.0746810
0.1397703 0.0866182



0.0000160
0.0000461
0.0001142



0.0017813 0.0011039
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D2.1 HQ730day



Days Since Sinking 730
Water Benchmarks
WQC-Chronic GLWLC-Tier1 GLWLC



mg/L 0.00003 7.40E-05 1.40E-04
Hazard Quotients (HQ)



Upper Water Column 0.0000001 0.0000000 0.0000000
Lower Water Column 0.0103015 0.0041763 0.0022075



Inside the Vessel 8.0079774 3.2464773 1.7159951
Sediment Pore Water 0.0000350 0.0000142 0.0000075



Sediment Benchmarks
TEL PEL



mg/Kg 0.0216000 0.1890000
Hazard Quotients (HQ)



Bulk sediment 0.1250824 0.0507091



Tissue Residue Benchmarks
OPPTS Assessment Factor 1 1 1 10 10 10 10



730 TSV Bcv-Invert Bcv-Fish Invert-NOED Invert-LOED Fish-NOED Fish-LOED
mg/Kg wet 0.4368 0.9360 7.4463 0.0600 0.1100 0.1500 0.1800



Pelagic Community Hazard Quotients (HQ)
Phytoplankton (TL1) 0.0000000 0.0000000 0.0000000 0.0000000
Zooplankton (TL-II) 0.0000417 0.0000195 0.0003035 0.0001655
Planktivore (TL-III) Herring 0.0002049 0.0000120 0.0005967 0.0004973
Piscivore (TL-IV) Jack 0.0003097 0.0000182 0.0009019 0.0007516
Reef / Vessel Community
Attached Algae 0.0000040 0.0000018 0.0000288 0.0000157
Sessile filter feeder (TL-II) B 0.0000863 0.0000403 0.0006282 0.0003427
Invertibrate Omnivore (TL-II 0.0177234 0.0082709 0.1290260 0.0703778
Invertibrate Forager (TL-III) 0.0380353 0.0177498 0.2768973 0.1510349
Vertibrate Forager (TL-III) T 0.0690116 0.0040482 0.2009618 0.1674682
Predator (TL-IV) Grouper 0.1178728 0.0069145 0.3432457 0.2860380



Benthic Community
Infaunal invert. (TL-II) 0.0000302 0.0000141 0.0002198 0.0001199
Epifaunal invert. (TL-II) 0.0000832 0.0000388 0.0006059 0.0003305
Forager (TL-III) Lobster 0.0001927 0.0000899 0.0014028 0.0007652
Predator (TL-IV) Flounder 0.0006683 0.0000392 0.0019460 0.0016216
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D2.1 HQ730day



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor
730



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) B
Invertibrate Omnivore (TL-II
Invertibrate Forager (TL-III) 
Vertibrate Forager (TL-III) T
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



730



Hazard Quotients
Benchmark



10 10 10 10 10 10 10
Dolphin-NOAELDolphin-LOAELCormor-NOAELCormor-LOAELGull-NOAEL Gull-LOAEL Turtle-NOAEL



0.0317 0.1583 0.0800 0.8000 0.0833 0.8333 0.2179



0.0028276 0.0005655 0.0011189 0.0001119 0.0010741 0.0001074
0.0042740 0.0008548 0.0016912 0.0001691 0.0016235 0.0001624



0.0011908 0.0002382 0.0004523 0.0000452 0.0001730
0.2445600 0.0489120 0.0928987 0.0092899 0.0355315
0.5248399 0.1049680 0.1993661 0.0199366 0.0762526
0.9522733 0.1904547 0.3768034 0.0376803 0.3617312 0.0361731
1.6264966 0.3252993 0.6435856 0.0643586 0.6178422 0.0617842



0.0001583 0.0000158 0.0000605
0.0011484 0.0002297 0.0004362 0.0000436 0.0001668
0.0026589 0.0005318 0.0010100 0.0001010 0.0003863
0.0092211 0.0018442 0.0036487 0.0003649 0.0035028 0.0003503
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D2.1 HQ730day



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor
730



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack
Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) B
Invertibrate Omnivore (TL-II
Invertibrate Forager (TL-III) 
Vertibrate Forager (TL-III) T
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



730



10 10 10
Turtle-LOAEL Shark-NOAEL Shark-LOAEL



1.0894 0.2520 0.4066



0.0003552 0.0002201
0.0005369 0.0003328



0.0000346
0.0071063
0.0152505



0.1196369 0.0741412
0.2043416 0.1266343



0.0000121
0.0000334
0.0000773



0.0011585 0.0007179



D - 28











D2.2 HQssZOi2



Days Since Sinking 765  Steady State ZOI=1
Water Benchmarks
WQC-Chronic GLWLC-Tier1 WQC-Acute



mg/L 0.00003 7.40E-05 1.00E-02
Hazard Quotients (HQ)



Upper Water Column 0.0000080 0.0000032 0.0000000
Lower Water Column 0.0558837 0.0226556 0.0001677



Inside the Vessel 22.9796631 9.3160796 0.0689390
Sediment Pore Water 0.0001462 0.0000593 0.0000004



Sediment Benchmarks
TEL PEL



mg/Kg 0.0216000 0.1890000
Hazard Quotients (HQ)



Bulk sediment 0.2398144 0.0972220



Tissue Residue Benchmarks
OPPTS Assessment Factor 1 1 1 10 10 10 10



TSV Bcv-Invert Bcv-Fish Invert-NOED Invert-LOED Fish-NOED Fish-LOED
mg/Kg wet 0.4368 0.9360 7.4463 0.0600 0.1100 0.1500 0.1800



Pelagic Community Hazard Quotients (HQ)
Phytoplankton (TL1) 0.0000000 0.0000000 0.0000000 0.0000000
Zooplankton (TL-II) 0.0001768 0.0000825 0.0012869 0.0007020
Planktivore (TL-III) Herring 0.0008562 0.0000502 0.0024931 0.0020776
Piscivore (TL-IV) Jack 0.0013288 0.0000780 0.0038696 0.0032247



Reef / Vessel Community
Attached Algae 0.0000165 0.0000077 0.0001205 0.0000657
Sessile filter feeder (TL-II) Bival 0.0003625 0.0001692 0.0026392 0.0014396
Invertibrate Omnivore (TL-II) Ur 0.0387955 0.0181046 0.2824312 0.1540534
Invertibrate Forager (TL-III) Cra 0.0829777 0.0387229 0.6040777 0.3294969
Vertibrate Forager (TL-III) Trigg 0.1499466 0.0087959 0.4366446 0.3638705
Predator (TL-IV) Grouper 0.2582687 0.0151501 0.7520786 0.6267322



Benthic Community
Infaunal invert. (TL-II) 0.0001255 0.0000586 0.0009136 0.0004983
Epifaunal invert. (TL-II) 0.0003448 0.0001609 0.0025100 0.0013691
Forager (TL-III) Lobster 0.0007891 0.0003683 0.0057447 0.0031335
Predator (TL-IV) Flounder 0.0027124 0.0001591 0.0078984 0.0065820
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D2.2 HQssZOi2



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) Bival
Invertibrate Omnivore (TL-II) Ur
Invertibrate Forager (TL-III) Cra
Vertibrate Forager (TL-III) Trigg
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



765  Steady State ZOI=1



Hazard Quotients
Benchmark



10 10 10 10 10 10 10
Dolphin-NOAELDolphin-LOAELCormor-NOAELCormor-LOAELGull-NOAEL Gull-LOAEL Turtle-NOAEL



0.0317 0.1583 0.0800 0.8000 0.0833 0.8333 0.2179



0.0118138 0.0023628 0.0046746 0.0004675 0.0044876 0.0004488
0.0183363 0.0036673 0.0072555 0.0007255 0.0069653 0.0006965



0.0050025 0.0010005 0.0019002 0.0001900 0.0007268
0.5353290 0.1070658 0.2033505 0.0203350 0.0777765
1.1449879 0.2289976 0.4349359 0.0434936 0.1663523
2.0690749 0.4138150 0.8187086 0.0818709 0.7859603 0.0785960
3.5637838 0.7127568 1.4101474 0.1410147 1.3537415 0.1353741



0.0006578 0.0000658 0.0002516
0.0047574 0.0009515 0.0018072 0.0001807 0.0006912
0.0108887 0.0021777 0.0041362 0.0004136 0.0015820
0.0374273 0.0074855 0.0148095 0.0014810 0.0142171 0.0014217
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D2.2 HQssZOi2



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) Bival
Invertibrate Omnivore (TL-II) Ur
Invertibrate Forager (TL-III) Cra
Vertibrate Forager (TL-III) Trigg
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



765  Steady State ZOI=1



10 10 10
Turtle-LOAEL Shark-NOAEL Shark-LOAEL



1.0894 0.2520 0.4066



0.0014842 0.0009198
0.0023036 0.0014276



0.0001454
0.0155553
0.0332705



0.2599441 0.1610921
0.4477288 0.2774658



0.0000503
0.0001382
0.0003164



0.0047021 0.0029140
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D2.3 HQssZOi1



Days Since Sinking 800  Steady State ZOI=1
Water Benchmarks
WQC-Chronic GLWLC-Tier1 WQC-Acute



mg/L 0.00003 7.40E-05 1.00E-02
Hazard Quotients (HQ)



Upper Water Column 0.0000089 0.0000036 0.0000000
Lower Water Column 0.0878858 0.0356294 0.0002637



Inside the Vessel 22.9796631 9.3160796 0.0689390 23 9
Sediment Pore Water 0.0002299 0.0000932 0.0000007



Sediment Benchmarks
TEL PEL



mg/Kg 0.0216000 0.1890000
Hazard Quotients (HQ)



Bulk sediment 0.3771446 0.1528965



Tissue Residue Benchmarks
OPPTS Assessment Factor 1 1 1 10 10 10 10



TSV Bcv-Invert Bcv-Fish Invert-NOED Invert-LOED Fish-NOED Fish-LOED
mg/Kg wet 0.4368 0.9360 7.4463 0.0600 0.1100 0.1500 0.1800



Pelagic Community Hazard Quotients (HQ)
Phytoplankton (TL1) 0.0000000 0.0000000 0.0000000 0.0000000
Zooplankton (TL-II) 0.0002780 0.0001297 0.0020237 0.0011038
Planktivore (TL-III) Herring 0.0013463 0.0000790 0.0039203 0.0032669
Piscivore (TL-IV) Jack 0.0020895 0.0001226 0.0060848 0.0050706



Reef / Vessel Community
Attached Algae 0.0000260 0.0000121 0.0001894 0.0001033
Sessile filter feeder (TL-II) Bival 0.0005701 0.0002661 0.0041505 0.0022639
Invertibrate Omnivore (TL-II) Ur 0.0394186 0.0183953 0.2869673 0.1565276
Invertibrate Forager (TL-III) Cra 0.0841055 0.0392492 0.6122880 0.3339753
Vertibrate Forager (TL-III) Trigg 0.1524123 0.0089405 0.4438246 0.3698538
Predator (TL-IV) Grouper 0.2624909 0.0153978 0.7643734 0.6369779



Benthic Community
Infaunal invert. (TL-II) 0.0001974 0.0000921 0.0014368 0.0007837
Epifaunal invert. (TL-II) 0.0005422 0.0002530 0.0039471 0.0021530
Forager (TL-III) Lobster 0.0012410 0.0005791 0.0090342 0.0049278
Predator (TL-IV) Flounder 0.0042655 0.0002502 0.0124211 0.0103509
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D2.3 HQssZOi1



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) Bival
Invertibrate Omnivore (TL-II) Ur
Invertibrate Forager (TL-III) Cra
Vertibrate Forager (TL-III) Trigg
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



800  Steady State ZOI=1



Hazard Quotients
Benchmark



10 10 10 10 10 10 10
Dolphin-NOAELDolphin-LOAELCormor-NOAELCormor-LOAELGull-NOAEL Gull-LOAEL Turtle-NOAEL



0.0317 0.1583 0.0800 0.8000 0.0833 0.8333 0.2179



0.0185767 0.0037153 0.0073506 0.0007351 0.0070565 0.0007057
0.0288331 0.0057666 0.0114089 0.0011409 0.0109526 0.0010953



0.0078669 0.0015734 0.0029883 0.0002988 0.0011430
0.5439268 0.1087854 0.2066164 0.0206616 0.0790257
1.1605500 0.2321100 0.4408474 0.0440847 0.1686133
2.1030978 0.4206196 0.8321711 0.0832171 0.7988843 0.0798884
3.6220439 0.7244088 1.4332002 0.1433200 1.3758722 0.1375872



0.0010345 0.0001034 0.0003957
0.0074815 0.0014963 0.0028419 0.0002842 0.0010870
0.0171238 0.0034248 0.0065046 0.0006505 0.0024879
0.0588584 0.0117717 0.0232896 0.0023290 0.0223580 0.0022358
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D2.3 HQssZOi1



Days Since Sinking



mg/L



Upper Water Column
Lower Water Column



Inside the Vessel
Sediment Pore Water



mg/Kg



Bulk sediment 



OPPTS Assessment Factor



mg/Kg wet
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) Herring
Piscivore (TL-IV) Jack



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II) Bival
Invertibrate Omnivore (TL-II) Ur
Invertibrate Forager (TL-III) Cra
Vertibrate Forager (TL-III) Trigg
Predator (TL-IV) Grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) Lobster
Predator (TL-IV) Flounder



800  Steady State ZOI=1



10 10 10
Turtle-LOAEL Shark-NOAEL Shark-LOAEL



1.0894 0.2520 0.4066



0.0023338 0.0014463
0.0036224 0.0022449



0.0002286
0.0158051
0.0337227



0.2642185 0.1637410
0.4550482 0.2820017



0.0000791
0.0002174
0.0004976



0.0073946 0.0045825
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D3.1 diox_mammal



ZOI=1
A. Tissue Conc. (mg/kg-WW) Tetra Penta Hexa Hepta Total PCB



Pelagic Community
Phytoplankton (TL1) 5.79E-10 7.61E-10 3.04E-11 1.25E-11 1.86E-09
Zooplankton (TL-II) 4.28E-05 4.24E-05 6.07E-06 5.40E-06 1.21E-04
Planktivore (TL-III) 1.69E-04 3.01E-04 4.73E-05 4.11E-05 5.88E-04
Piscivore (TL-IV) 9.86E-05 5.27E-04 1.42E-04 1.39E-04 9.13E-04



Reef / Vessel Community
Attached Algae 3.16E-06 4.98E-06 4.84E-07 3.06E-07 1.14E-05
Sessile filter feeder (TL-II) 9.20E-05 8.90E-05 7.89E-06 5.71E-06 2.49E-04
Invertebrate Omnivore (TL-II) 5.67E-03 9.19E-03 6.54E-04 3.45E-04 1.72E-02
Invertebrate Forager (TL-III) 1.09E-02 2.08E-02 1.65E-03 9.21E-04 3.67E-02
Vertebrate Forager (TL-III) 1.27E-02 4.53E-02 4.61E-03 2.71E-03 6.66E-02
Predator (TL-IV) 1.07E-02 8.25E-02 1.27E-02 8.18E-03 1.15E-01



Benthic Community
Infaunal invert. (TL-II) 3.19E-05 3.21E-05 2.93E-06 2.14E-06 8.62E-05
Epifaunal invert. (TL-II) 8.77E-05 9.66E-05 9.26E-06 6.84E-06 2.37E-04
Forager (TL-III) 1.82E-04 2.72E-04 2.54E-05 1.73E-05 5.42E-04
Predator (TL-IV) 3.96E-04 1.19E-03 1.43E-04 1.01E-04 1.86E-03



B. PCB pg/g WW
Pelagic Community PCB077 PCB081e PCB105 PCB114 PCB118 PCB123 PCB126 PCB156



Phytoplankton (TL1) 1.95E-07 1.55E-08 2.12E-05 7.40E-07 4.84E-11 0.00E+00 0.00E+00 2.37E-07
Zooplankton (TL-II) 1.44E-02 1.14E-03 1.18E+00 4.12E-02 2.70E-06 0.00E+00 0.00E+00 4.73E-02
Planktivore (TL-III) 5.68E-02 4.51E-03 8.40E+00 2.92E-01 1.91E-05 0.00E+00 0.00E+00 3.68E-01
Piscivore (TL-IV) 3.32E-02 2.63E-03 1.47E+01 5.13E-01 3.35E-05 0.00E+00 0.00E+00 1.11E+00



Reef / Vessel Community
Attached Algae 1.06E-03 8.45E-05 1.39E-01 4.84E-03 3.16E-07 0.00E+00 0.00E+00 3.77E-03
Sessile filter feeder (TL-II) 3.09E-02 2.46E-03 2.49E+00 8.66E-02 5.66E-06 0.00E+00 0.00E+00 6.14E-02
Invertebrate Omnivore (TL-II) 1.91E+00 1.51E-01 2.57E+02 8.93E+00 5.84E-04 0.00E+00 0.00E+00 5.09E+00
Invertebrate Forager (TL-III) 3.66E+00 2.91E-01 5.81E+02 2.02E+01 1.32E-03 0.00E+00 0.00E+00 1.29E+01
Vertebrate Forager (TL-III) 4.28E+00 3.40E-01 1.27E+03 4.40E+01 2.88E-03 0.00E+00 0.00E+00 3.59E+01
Predator (TL-IV) 3.58E+00 2.85E-01 2.30E+03 8.02E+01 5.24E-03 0.00E+00 0.00E+00 9.88E+01



Benthic Community
Infaunal invert. (TL-II) 1.07E-02 8.53E-04 8.95E-01 3.12E-02 2.04E-06 0.00E+00 0.00E+00 2.28E-02
Epifaunal invert. (TL-II) 2.95E-02 2.34E-03 2.70E+00 9.40E-02 6.14E-06 0.00E+00 0.00E+00 7.21E-02
Forager (TL-III) 6.13E-02 4.87E-03 7.59E+00 2.64E-01 1.73E-05 0.00E+00 0.00E+00 1.98E-01
Predator (TL-IV) 1.33E-01 1.06E-02 3.33E+01 1.16E+00 7.58E-05 0.00E+00 0.00E+00 1.12E+00



max pg/g WW 4.28E+00 3.40E-01 2.30E+03 8.02E+01 5.24E-03 0.00E+00 0.00E+00 9.88E+01



Appendix D3.1 Mammalian TEQs calculated from concentrations of homologs (A), estimated coplanar congener concentrations (B), and 
mammalian dioxin-like TEQs for reef biota (C) and HQ's for dietary exposure to dolphins (D)



Tetra Penta
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D3.1 diox_mammal



C. Mammalian TEQ pg/g WW Tetra Tetra Penta Penta Penta Penta Penta Hexa
Pelagic Community PCB077 PCB081e PCB105 PCB114 PCB118 PCB123 PCB126 PCB156



Phytoplankton (TL1) 1.95E-11 1.55E-12 2.12E-09 3.70E-10 4.84E-15 0.00E+00 0.00E+00 1.18E-10
Zooplankton (TL-II) 1.44E-06 1.14E-07 1.18E-04 2.06E-05 2.70E-10 0.00E+00 0.00E+00 2.36E-05
Planktivore (TL-III) 5.68E-06 4.51E-07 8.40E-04 1.46E-04 1.91E-09 0.00E+00 0.00E+00 1.84E-04
Piscivore (TL-IV) 3.32E-06 2.63E-07 1.47E-03 2.56E-04 3.35E-09 0.00E+00 0.00E+00 5.53E-04



Reef / Vessel Community
Attached Algae 1.06E-07 8.45E-09 1.39E-05 2.42E-06 3.16E-11 0.00E+00 0.00E+00 1.88E-06
Sessile filter feeder (TL-II) 3.09E-06 2.46E-07 2.49E-04 4.33E-05 5.66E-10 0.00E+00 0.00E+00 3.07E-05
Invertebrate Omnivore (TL-II) 1.91E-04 1.51E-05 2.57E-02 4.47E-03 5.84E-08 0.00E+00 0.00E+00 2.55E-03
Invertebrate Forager (TL-III) 3.66E-04 2.91E-05 5.81E-02 1.01E-02 1.32E-07 0.00E+00 0.00E+00 6.44E-03
Vertebrate Forager (TL-III) 4.28E-04 3.40E-05 1.27E-01 2.20E-02 2.88E-07 0.00E+00 0.00E+00 1.80E-02
Predator (TL-IV) 3.58E-04 2.85E-05 2.30E-01 4.01E-02 5.24E-07 0.00E+00 0.00E+00 4.94E-02



Benthic Community
Infaunal invert. (TL-II) 1.07E-06 8.53E-08 8.95E-05 1.56E-05 2.04E-10 0.00E+00 0.00E+00 1.14E-05
Epifaunal invert. (TL-II) 2.95E-06 2.34E-07 2.70E-04 4.70E-05 6.14E-10 0.00E+00 0.00E+00 3.61E-05
Forager (TL-III) 6.13E-06 4.87E-07 7.59E-04 1.32E-04 1.73E-09 0.00E+00 0.00E+00 9.88E-05
Predator (TL-IV) 1.33E-05 1.06E-06 3.33E-03 5.80E-04 7.58E-09 0.00E+00 0.00E+00 5.58E-04



max TEQ pg/g WW 4.28E-04 3.40E-05 2.30E-01 4.01E-02 5.24E-07 0.00E+00 0.00E+00 4.94E-02
2.30E-01



D. HQs By Trophic Level
Dolphin-
NOAEL*



Dolphin-
LOAEL*



TEQ HQ HQ
Primary Producers Phyto 2.71E-09 6.91E-09 1.52E-09



Algae 2.02E-05 5.15E-05 1.14E-05



Primary Consumers Zoo 1.97E-04 5.03E-04 1.11E-04
Bivalve 3.61E-04 9.20E-04 2.03E-04
Urchin 3.50E-02 8.92E-02 1.97E-02
Polychaete 1.31E-04 3.33E-04 7.36E-05
Nematode 3.98E-04 1.01E-03 2.24E-04



Secondary Consumers Herring 1.43E-03 3.64E-03 8.03E-04
Crab 8.08E-02 2.06E-01 4.54E-02
Triggerfish 1.84E-01 4.68E-01 1.03E-01
Lobster 1.10E-03 2.81E-03 6.20E-04



Tertiary Consumers Jack 3.13E-03 7.98E-03 1.76E-03
Grouper 3.71E-01 9.45E-01 2.09E-01
Flounder 5.11E-03 1.30E-02 2.87E-03
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D3.1 diox_mammal



ZOI=1
A. Tissue Conc. (mg/kg-WW)



Pelagic Community
Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III)
Piscivore (TL-IV)



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II)
Invertebrate Omnivore (TL-II)
Invertebrate Forager (TL-III)
Vertebrate Forager (TL-III)
Predator (TL-IV)



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III)
Predator (TL-IV)



B. PCB pg/g WW
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III)
Piscivore (TL-IV)



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II)
Invertebrate Omnivore (TL-II)
Invertebrate Forager (TL-III)
Vertebrate Forager (TL-III)
Predator (TL-IV)



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III)
Predator (TL-IV)



max pg/g WW



Appendix D3.1 Mammalian TE
mammal



PCB157 PCB167 PCB169 PCB170 PCB180 PCB189
9.88E-09 3.62E-08 0.00E+00 2.60E-07 4.80E-07 0.00E+00
1.97E-03 7.23E-03 0.00E+00 1.13E-01 2.08E-01 0.00E+00
1.54E-02 5.63E-02 0.00E+00 8.56E-01 1.58E+00 0.00E+00
4.61E-02 1.69E-01 0.00E+00 2.89E+00 5.35E+00 0.00E+00



1.57E-04 5.76E-04 0.00E+00 6.37E-03 1.18E-02 0.00E+00
2.56E-03 9.39E-03 0.00E+00 1.19E-01 2.20E-01 0.00E+00
2.13E-01 7.79E-01 0.00E+00 7.20E+00 1.33E+01 0.00E+00
5.37E-01 1.97E+00 0.00E+00 1.92E+01 3.55E+01 0.00E+00
1.50E+00 5.49E+00 0.00E+00 5.64E+01 1.04E+02 0.00E+00
4.12E+00 1.51E+01 0.00E+00 1.70E+02 3.15E+02 0.00E+00



9.53E-04 3.49E-03 0.00E+00 4.47E-02 8.26E-02 0.00E+00
3.01E-03 1.10E-02 0.00E+00 1.42E-01 2.63E-01 0.00E+00
8.25E-03 3.02E-02 0.00E+00 3.60E-01 6.66E-01 0.00E+00
4.66E-02 1.71E-01 0.00E+00 2.11E+00 3.90E+00 0.00E+00



4.12E+00 1.51E+01 0.00E+00 1.70E+02 3.15E+02 0.00E+00



HeptaHexa
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D3.1 diox_mammal



C. Mammalian TEQ pg/g WW
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III)
Piscivore (TL-IV)



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II)
Invertebrate Omnivore (TL-II)
Invertebrate Forager (TL-III)
Vertebrate Forager (TL-III)
Predator (TL-IV)



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III)
Predator (TL-IV)



max TEQ pg/g WW



Hexa Hexa Hexa Hepta Hepta Hepta
C. Mammalian 
TEQ pg/g WW



PCB157 PCB167 PCB169 PCB170 PCB180 PCB189 TEQ
4.94E-12 3.62E-13 0.00E+00 2.60E-11 4.80E-11 0.00E+00 2.71E-09
9.86E-07 7.23E-08 0.00E+00 1.13E-05 2.08E-05 0.00E+00 1.97E-04
7.69E-06 5.63E-07 0.00E+00 8.56E-05 1.58E-04 0.00E+00 1.43E-03
2.31E-05 1.69E-06 0.00E+00 2.89E-04 5.35E-04 0.00E+00 3.13E-03



7.86E-08 5.76E-09 0.00E+00 6.37E-07 1.18E-06 0.00E+00 2.02E-05
1.28E-06 9.39E-08 0.00E+00 1.19E-05 2.20E-05 0.00E+00 3.61E-04
1.06E-04 7.79E-06 0.00E+00 7.20E-04 1.33E-03 0.00E+00 3.50E-02
2.69E-04 1.97E-05 0.00E+00 1.92E-03 3.55E-03 0.00E+00 8.08E-02
7.49E-04 5.49E-05 0.00E+00 5.64E-03 1.04E-02 0.00E+00 1.84E-01
2.06E-03 1.51E-04 0.00E+00 1.70E-02 3.15E-02 0.00E+00 3.71E-01



4.77E-07 3.49E-08 0.00E+00 4.47E-06 8.26E-06 0.00E+00 1.31E-04
1.50E-06 1.10E-07 0.00E+00 1.42E-05 2.63E-05 0.00E+00 3.98E-04
4.12E-06 3.02E-07 0.00E+00 3.60E-05 6.66E-05 0.00E+00 1.10E-03
2.33E-05 1.71E-06 0.00E+00 2.11E-04 3.90E-04 0.00E+00 5.11E-03



2.06E-03 1.51E-04 0.00E+00 1.70E-02 3.15E-02 0.00E+00 3.71E-01
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D3.2 diox_bird



ZOI=1
A. Tissue Conc. (mg/kg-WW) Tetra Penta Hexa Hepta Total PCB



Pelagic Community
Phytoplankton (TL1) 5.79E-10 7.61E-10 3.04E-11 1.25E-11 1.86E-09
Zooplankton (TL-II) 4.28E-05 4.24E-05 6.07E-06 5.40E-06 1.21E-04
Planktivore (TL-III) 1.69E-04 3.01E-04 4.73E-05 4.11E-05 5.88E-04
Piscivore (TL-IV) 9.86E-05 5.27E-04 1.42E-04 1.39E-04 9.13E-04



Reef / Vessel Community
Attached Algae 3.16E-06 4.98E-06 4.84E-07 3.06E-07 1.14E-05
Sessile filter feeder (TL-II) 9.20E-05 8.90E-05 7.89E-06 5.71E-06 2.49E-04
Invertebrate Omnivore (TL-II) 5.67E-03 9.19E-03 6.54E-04 3.45E-04 1.72E-02
Invertebrate Forager (TL-III) 1.09E-02 2.08E-02 1.65E-03 9.21E-04 3.67E-02
Vertebrate Forager (TL-III) 1.27E-02 4.53E-02 4.61E-03 2.71E-03 6.66E-02
Predator (TL-IV) 1.07E-02 8.25E-02 1.27E-02 8.18E-03 1.15E-01



Benthic Community
Infaunal invert. (TL-II) 3.19E-05 3.21E-05 2.93E-06 2.14E-06 8.62E-05
Epifaunal invert. (TL-II) 8.77E-05 9.66E-05 9.26E-06 6.84E-06 2.37E-04
Forager (TL-III) 1.82E-04 2.72E-04 2.54E-05 1.73E-05 5.42E-04
Predator (TL-IV) 3.96E-04 1.19E-03 1.43E-04 1.01E-04 1.86E-03



B. PCB pg/g WW
Pelagic Community PCB077 PCB081e PCB105 PCB114 PCB118 PCB123 PCB126 PCB156



Phytoplankton (TL1) 1.95E-07 1.55E-08 2.12E-05 7.40E-07 4.84E-11 0.00E+00 0.00E+00 2.37E-07
Zooplankton (TL-II) 1.44E-02 1.14E-03 1.18E+00 4.12E-02 2.70E-06 0.00E+00 0.00E+00 4.73E-02
Planktivore (TL-III) 5.68E-02 4.51E-03 8.40E+00 2.92E-01 1.91E-05 0.00E+00 0.00E+00 3.68E-01
Piscivore (TL-IV) 3.32E-02 2.63E-03 1.47E+01 5.13E-01 3.35E-05 0.00E+00 0.00E+00 1.11E+00



Reef / Vessel Community
Attached Algae 1.06E-03 8.45E-05 1.39E-01 4.84E-03 3.16E-07 0.00E+00 0.00E+00 3.77E-03
Sessile filter feeder (TL-II) 3.09E-02 2.46E-03 2.49E+00 8.66E-02 5.66E-06 0.00E+00 0.00E+00 6.14E-02
Invertebrate Omnivore (TL-II) 1.91E+00 1.51E-01 2.57E+02 8.93E+00 5.84E-04 0.00E+00 0.00E+00 5.09E+00
Invertebrate Forager (TL-III) 3.66E+00 2.91E-01 5.81E+02 2.02E+01 1.32E-03 0.00E+00 0.00E+00 1.29E+01
Vertebrate Forager (TL-III) 4.28E+00 3.40E-01 1.27E+03 4.40E+01 2.88E-03 0.00E+00 0.00E+00 3.59E+01
Predator (TL-IV) 3.58E+00 2.85E-01 2.30E+03 8.02E+01 5.24E-03 0.00E+00 0.00E+00 9.88E+01



Benthic Community
Infaunal invert. (TL-II) 1.07E-02 8.53E-04 8.95E-01 3.12E-02 2.04E-06 0.00E+00 0.00E+00 2.28E-02
Epifaunal invert. (TL-II) 2.95E-02 2.34E-03 2.70E+00 9.40E-02 6.14E-06 0.00E+00 0.00E+00 7.21E-02
Forager (TL-III) 6.13E-02 4.87E-03 7.59E+00 2.64E-01 1.73E-05 0.00E+00 0.00E+00 1.98E-01
Predator (TL-IV) 1.33E-01 1.06E-02 3.33E+01 1.16E+00 7.58E-05 0.00E+00 0.00E+00 1.12E+00



max pg/g WW 4.28E+00 3.40E-01 2.30E+03 8.02E+01 5.24E-03 0.00E+00 0.00E+00 9.88E+01



Appendix D3.2 Avian TEQs calculated from concentrations of homologs (A), estimated coplanar congener concentrations (B), and mammalian 
dioxin-like TEQs for reef biota (C) and HQ's for dietary exposure to dolphins (D)



Tetra Penta
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D3.2 diox_bird



C. TEQ pg/g WW Tetra Tetra Penta Penta Penta Penta Penta Hexa
Pelagic Community PCB077 PCB081e PCB105 PCB114 PCB118 PCB123 PCB126 PCB156



Phytoplankton (TL1) 9.74E-09 1.55E-09 2.12E-09 7.40E-11 4.84E-16 0.00E+00 0.00E+00 2.37E-11
Zooplankton (TL-II) 7.19E-04 1.14E-04 1.18E-04 4.12E-06 2.70E-11 0.00E+00 0.00E+00 4.73E-06
Planktivore (TL-III) 2.84E-03 4.51E-04 8.40E-04 2.92E-05 1.91E-10 0.00E+00 0.00E+00 3.68E-05
Piscivore (TL-IV) 1.66E-03 2.63E-04 1.47E-03 5.13E-05 3.35E-10 0.00E+00 0.00E+00 1.11E-04



Reef / Vessel Community
Attached Algae 5.31E-05 8.45E-06 1.39E-05 4.84E-07 3.16E-12 0.00E+00 0.00E+00 3.77E-07
Sessile filter feeder (TL-II) 1.55E-03 2.46E-04 2.49E-04 8.66E-06 5.66E-11 0.00E+00 0.00E+00 6.14E-06
Invertebrate Omnivore (TL-II) 9.53E-02 1.51E-02 2.57E-02 8.93E-04 5.84E-09 0.00E+00 0.00E+00 5.09E-04
Invertebrate Forager (TL-III) 1.83E-01 2.91E-02 5.81E-02 2.02E-03 1.32E-08 0.00E+00 0.00E+00 1.29E-03
Vertebrate Forager (TL-III) 2.14E-01 3.40E-02 1.27E-01 4.40E-03 2.88E-08 0.00E+00 0.00E+00 3.59E-03
Predator (TL-IV) 1.79E-01 2.85E-02 2.30E-01 8.02E-03 5.24E-08 0.00E+00 0.00E+00 9.88E-03



Benthic Community
Infaunal invert. (TL-II) 5.37E-04 8.53E-05 8.95E-05 3.12E-06 2.04E-11 0.00E+00 0.00E+00 2.28E-06
Epifaunal invert. (TL-II) 1.47E-03 2.34E-04 2.70E-04 9.40E-06 6.14E-11 0.00E+00 0.00E+00 7.21E-06
Forager (TL-III) 3.06E-03 4.87E-04 7.59E-04 2.64E-05 1.73E-10 0.00E+00 0.00E+00 1.98E-05
Predator (TL-IV) 6.65E-03 1.06E-03 3.33E-03 1.16E-04 7.58E-10 0.00E+00 0.00E+00 1.12E-04



max TEQ pg/g WW 2.14E-01 3.40E-02 2.30E-01 8.02E-03 5.24E-08 0.00E+00 0.00E+00 9.88E-03
2.30E-01



D. HQ By Trophic Level
Cormor-
NOAEL*



Cormor-
LOAEL* Gull-NOAEL* Gull-LOAEL*



TEQ HQ HQ HQ HQ
Primary Producers Phyto 1.35E-08 2.17E-09 2.17E-10 2.09E-09 2.09E-10



Algae 7.66E-05 1.23E-05 1.23E-06 1.18E-05 1.18E-06



Primary Consumers Zoo 9.64E-04 1.55E-04 1.55E-05 1.49E-04 1.49E-05
Bivalve 2.06E-03 3.31E-04 3.31E-05 3.18E-04 3.18E-05
Urchin 1.38E-01 2.21E-02 2.21E-03 2.12E-02 2.12E-03
Polychaete 7.18E-04 1.15E-04 1.15E-05 1.11E-04 1.11E-05
Nematode 2.00E-03 3.21E-04 3.21E-05 3.09E-04 3.09E-05



Secondary Consumers Herring 4.22E-03 6.78E-04 6.78E-05 6.51E-04 6.51E-05
Crab 2.74E-01 4.40E-02 4.40E-03 4.23E-02 4.23E-03
Triggerfish 3.84E-01 6.18E-02 6.18E-03 5.93E-02 5.93E-03
Lobster 4.37E-03 7.02E-04 7.02E-05 6.74E-04 6.74E-05



Tertiary Consumers Jack 3.64E-03 5.86E-04 5.86E-05 5.62E-04 5.62E-05
Grouper 4.61E-01 7.42E-02 7.42E-03 7.12E-02 7.12E-03
Flounder 1.13E-02 1.82E-03 1.82E-04 1.75E-03 1.75E-04
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ZOI=1
A. Tissue Conc. (mg/kg-WW)



Pelagic Community
Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III)
Piscivore (TL-IV)



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II)
Invertebrate Omnivore (TL-II)
Invertebrate Forager (TL-III)
Vertebrate Forager (TL-III)
Predator (TL-IV)



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III)
Predator (TL-IV)



B. PCB pg/g WW
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III)
Piscivore (TL-IV)



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II)
Invertebrate Omnivore (TL-II)
Invertebrate Forager (TL-III)
Vertebrate Forager (TL-III)
Predator (TL-IV)



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III)
Predator (TL-IV)



max pg/g WW



Appendix D3.2 Avian TEQs calcu
dio



PCB157 PCB167 PCB169 PCB170 PCB180 PCB189
9.88E-09 3.62E-08 0.00E+00 2.60E-07 4.80E-07 0.00E+00
1.97E-03 7.23E-03 0.00E+00 1.13E-01 2.08E-01 0.00E+00
1.54E-02 5.63E-02 0.00E+00 8.56E-01 1.58E+00 0.00E+00
4.61E-02 1.69E-01 0.00E+00 2.89E+00 5.35E+00 0.00E+00



1.57E-04 5.76E-04 0.00E+00 6.37E-03 1.18E-02 0.00E+00
2.56E-03 9.39E-03 0.00E+00 1.19E-01 2.20E-01 0.00E+00
2.13E-01 7.79E-01 0.00E+00 7.20E+00 1.33E+01 0.00E+00
5.37E-01 1.97E+00 0.00E+00 1.92E+01 3.55E+01 0.00E+00
1.50E+00 5.49E+00 0.00E+00 5.64E+01 1.04E+02 0.00E+00
4.12E+00 1.51E+01 0.00E+00 1.70E+02 3.15E+02 0.00E+00



9.53E-04 3.49E-03 0.00E+00 4.47E-02 8.26E-02 0.00E+00
3.01E-03 1.10E-02 0.00E+00 1.42E-01 2.63E-01 0.00E+00
8.25E-03 3.02E-02 0.00E+00 3.60E-01 6.66E-01 0.00E+00
4.66E-02 1.71E-01 0.00E+00 2.11E+00 3.90E+00 0.00E+00



4.12E+00 1.51E+01 0.00E+00 1.70E+02 3.15E+02 0.00E+00



HeptaHexa
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D3.2 diox_bird



C. TEQ pg/g WW
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III)
Piscivore (TL-IV)



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II)
Invertebrate Omnivore (TL-II)
Invertebrate Forager (TL-III)
Vertebrate Forager (TL-III)
Predator (TL-IV)



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III)
Predator (TL-IV)



max TEQ pg/g WW



Hexa Hexa Hexa Hepta Hepta Hepta
Avian TEQ 
pg/g wet



PCB157 PCB167 PCB169 PCB170 PCB180 PCB189 TEQ
9.88E-13 3.62E-13 0.00E+00 2.60E-12 4.80E-12 0.00E+00 1.35E-08
1.97E-07 7.23E-08 0.00E+00 1.13E-06 2.08E-06 0.00E+00 9.64E-04
1.54E-06 5.63E-07 0.00E+00 8.56E-06 1.58E-05 0.00E+00 4.22E-03
4.61E-06 1.69E-06 0.00E+00 2.89E-05 5.35E-05 0.00E+00 3.64E-03



1.57E-08 5.76E-09 0.00E+00 6.37E-08 1.18E-07 0.00E+00 7.66E-05
2.56E-07 9.39E-08 0.00E+00 1.19E-06 2.20E-06 0.00E+00 2.06E-03
2.13E-05 7.79E-06 0.00E+00 7.20E-05 1.33E-04 0.00E+00 1.38E-01
5.37E-05 1.97E-05 0.00E+00 1.92E-04 3.55E-04 0.00E+00 2.74E-01
1.50E-04 5.49E-05 0.00E+00 5.64E-04 1.04E-03 0.00E+00 3.84E-01
4.12E-04 1.51E-04 0.00E+00 1.70E-03 3.15E-03 0.00E+00 4.61E-01



9.53E-08 3.49E-08 0.00E+00 4.47E-07 8.26E-07 0.00E+00 7.18E-04
3.01E-07 1.10E-07 0.00E+00 1.42E-06 2.63E-06 0.00E+00 2.00E-03
8.25E-07 3.02E-07 0.00E+00 3.60E-06 6.66E-06 0.00E+00 4.37E-03
4.66E-06 1.71E-06 0.00E+00 2.11E-05 3.90E-05 0.00E+00 1.13E-02



4.12E-04 1.51E-04 0.00E+00 1.70E-03 3.15E-03 0.00E+00
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D3.3 diox_fisheggLipid



ZOI=1
A. Tissue Conc. (mg/kg-WW) Tetra Penta Hexa Hepta Total PCB



Pelagic Community
Phytoplankton (TL1) 3.51E-08 4.62E-08 1.85E-09 7.56E-10 1.13E-07
Zooplankton (TL-II) 8.10E-04 8.03E-04 1.15E-04 1.02E-04 2.30E-03
Planktivore (TL-III) 2.40E-03 4.28E-03 6.74E-04 5.85E-04 8.37E-03
Piscivore (TL-IV) 1.40E-03 7.50E-03 2.02E-03 1.98E-03 1.30E-02



Reef / Vessel Community
Attached Algae 1.92E-04 3.02E-04 2.94E-05 1.85E-05 6.90E-04
Sessile filter feeder (TL-II) 1.02E-02 9.89E-03 8.76E-04 6.34E-04 2.77E-02
Invertebrate Omnivore (TL-II) 1.09E-01 1.76E-01 1.25E-02 6.62E-03 3.30E-01
Invertebrate Forager (TL-III) 4.56E-01 8.72E-01 6.93E-02 3.86E-02 1.54E+00
Vertebrate Forager (TL-III) 1.81E-01 6.45E-01 6.57E-02 3.86E-02 9.48E-01
Predator (TL-IV) 1.52E-01 1.17E+00 1.81E-01 1.16E-01 1.63E+00



Benthic Community
Infaunal invert. (TL-II) 3.34E-03 3.35E-03 3.07E-04 2.24E-04 9.01E-03
Epifaunal invert. (TL-II) 8.15E-03 8.98E-03 8.61E-04 6.35E-04 2.20E-02
Forager (TL-III) 7.64E-03 1.14E-02 1.06E-03 7.25E-04 2.27E-02
Predator (TL-IV) 7.19E-03 2.17E-02 2.61E-03 1.84E-03 3.39E-02



B. Fish Tissue PCB pg/g Lipid
Pelagic Community PCB077 PCB081e PCB105 PCB114 PCB118 PCB123 PCB126 PCB156



Phytoplankton (TL1) 1.18E-05 9.39E-07 1.29E-03 4.49E-05 2.93E-09 0.00E+00 0.00E+00 1.44E-05
Zooplankton (TL-II) 2.72E-01 2.16E-02 2.24E+01 7.81E-01 5.11E-05 0.00E+00 0.00E+00 8.95E-01
Planktivore (TL-III) 8.08E-01 6.42E-02 1.20E+02 4.16E+00 2.72E-04 0.00E+00 0.00E+00 5.25E+00
Piscivore (TL-IV) 4.72E-01 3.75E-02 2.10E+02 7.30E+00 4.77E-04 0.00E+00 0.00E+00 1.57E+01



Reef / Vessel Community
Attached Algae 6.45E-02 5.13E-03 8.44E+00 2.94E-01 1.92E-05 0.00E+00 0.00E+00 2.29E-01
Sessile filter feeder (TL-II) 3.44E+00 2.73E-01 2.76E+02 9.62E+00 6.29E-04 0.00E+00 0.00E+00 6.82E+00
Invertebrate Omnivore (TL-II) 3.65E+01 2.90E+00 4.92E+03 1.71E+02 1.12E-02 0.00E+00 0.00E+00 9.76E+01
Invertebrate Forager (TL-III) 1.53E+02 1.22E+01 2.44E+04 8.48E+02 5.54E-02 0.00E+00 0.00E+00 5.39E+02
Vertebrate Forager (TL-III) 6.09E+01 4.84E+00 1.80E+04 6.27E+02 4.10E-02 0.00E+00 0.00E+00 5.11E+02
Predator (TL-IV) 5.10E+01 4.06E+00 3.28E+04 1.14E+03 7.46E-02 0.00E+00 0.00E+00 1.41E+03



Benthic Community
Infaunal invert. (TL-II) 1.12E+00 8.92E-02 9.36E+01 3.26E+00 2.13E-04 0.00E+00 0.00E+00 2.39E+00
Epifaunal invert. (TL-II) 2.74E+00 2.18E-01 2.51E+02 8.73E+00 5.71E-04 0.00E+00 0.00E+00 6.70E+00
Forager (TL-III) 2.57E+00 2.04E-01 3.18E+02 1.11E+01 7.23E-04 0.00E+00 0.00E+00 8.28E+00
Predator (TL-IV) 2.42E+00 1.92E-01 6.05E+02 2.11E+01 1.38E-03 0.00E+00 0.00E+00 2.03E+01



max pg/g Lipid 1.53E+02 1.22E+01 3.28E+04 1.14E+03 7.46E-02 0.00E+00 0.00E+00 1.41E+03



Appendix D3.3. Fish egg TEQs calculated from concentrations of homologs, estimated coplanar congener concentrations, and dioxin-like TECs 
for reef fish.



Tetra Penta
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D3.3 diox_fisheggLipid



C. Fish EGG TEQ pg/g Lipid
Pelagic Community PCB077 PCB081e PCB105 PCB114 PCB118 PCB123 PCB126 PCB156



Phytoplankton (TL1) 7.09E-10 2.79E-10 4.12E-09 1.45E-10 9.24E-15 0.00E+00 0.00E+00 3.72E-11
Zooplankton (TL-II) 1.63E-05 6.43E-06 7.18E-05 2.52E-06 1.61E-10 0.00E+00 0.00E+00 2.32E-06
Planktivore (TL-III) 4.84E-05 1.91E-05 3.82E-04 1.35E-05 8.57E-10 0.00E+00 0.00E+00 1.36E-05
Piscivore (TL-IV) 2.83E-05 1.11E-05 6.70E-04 2.36E-05 1.50E-09 0.00E+00 0.00E+00 4.07E-05



Reef / Vessel Community
Attached Algae 3.87E-06 1.52E-06 2.70E-05 9.49E-07 6.04E-11 0.00E+00 0.00E+00 5.92E-07
Sessile filter feeder (TL-II) 2.06E-04 8.11E-05 8.84E-04 3.11E-05 1.98E-09 0.00E+00 0.00E+00 1.77E-05
Invertebrate Omnivore (TL-II) 2.19E-03 8.62E-04 1.57E-02 5.53E-04 3.52E-08 0.00E+00 0.00E+00 2.53E-04
Invertebrate Forager (TL-III) 9.19E-03 3.62E-03 7.79E-02 2.74E-03 1.74E-07 0.00E+00 0.00E+00 1.40E-03
Vertebrate Forager (TL-III) 3.65E-03 1.44E-03 5.76E-02 2.03E-03 1.29E-07 0.00E+00 0.00E+00 1.32E-03
Predator (TL-IV) 3.06E-03 1.20E-03 1.05E-01 3.69E-03 2.35E-07 0.00E+00 0.00E+00 3.64E-03



Benthic Community
Infaunal invert. (TL-II) 6.73E-05 2.65E-05 2.99E-04 1.05E-05 6.70E-10 0.00E+00 0.00E+00 6.18E-06
Epifaunal invert. (TL-II) 1.64E-04 6.47E-05 8.02E-04 2.82E-05 1.80E-09 0.00E+00 0.00E+00 1.73E-05
Forager (TL-III) 1.54E-04 6.06E-05 1.02E-03 3.58E-05 2.28E-09 0.00E+00 0.00E+00 2.14E-05
Predator (TL-IV) 1.45E-04 5.71E-05 1.94E-03 6.81E-05 4.34E-09 0.00E+00 0.00E+00 5.26E-05



max TEQ pg/g WW 9.19E-03 3.62E-03 1.05E-01 3.69E-03 2.35E-07 0.00E+00 0.00E+00 3.64E-03



lipid weight



D. HQ By Trophic Level LOEL_Rainbow* NOED_Rainbow* NOED_Laketrout* LOEL_Laketrout*



TEQ lipid TEQ wet HQ HQ HQ HQ
Secondary Consumers Herring 5.47E-04 5.96E-05 1.82E-03 1.99E-03 1.19E-04 1.99E-05



Triggerfish 7.07E-02 7.72E-03 2.36E-01 2.57E-01 1.54E-02 2.57E-03



Jack 1.01E-03 1.10E-04 3.36E-03 3.67E-03 2.20E-04 3.67E-05
Tertiary Consumers Grouper 1.31E-01 1.42E-02 4.35E-01 4.75E-01 2.85E-02 4.75E-03



Flounder 2.48E-03 2.71E-04 8.27E-03 9.02E-03 5.41E-04 9.02E-05



wet weight
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ZOI=1
A. Tissue Conc. (mg/kg-WW)



Pelagic Community
Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III)
Piscivore (TL-IV)



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II)
Invertebrate Omnivore (TL-II)
Invertebrate Forager (TL-III)
Vertebrate Forager (TL-III)
Predator (TL-IV)



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III)
Predator (TL-IV)



B. Fish Tissue PCB pg/g Lipid
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III)
Piscivore (TL-IV)



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II)
Invertebrate Omnivore (TL-II)
Invertebrate Forager (TL-III)
Vertebrate Forager (TL-III)
Predator (TL-IV)



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III)
Predator (TL-IV)



max pg/g Lipid



Appendix D3.3. Fish egg TEQs ca



PCB157 PCB167 PCB169 PCB170 PCB180 PCB189
5.99E-07 2.20E-06 0.00E+00 1.57E-05 2.91E-05 0.00E+00
3.73E-02 1.37E-01 0.00E+00 2.13E+00 3.94E+00 0.00E+00
2.19E-01 8.02E-01 0.00E+00 1.22E+01 2.25E+01 0.00E+00
6.56E-01 2.41E+00 0.00E+00 4.12E+01 7.61E+01 0.00E+00



9.54E-03 3.50E-02 0.00E+00 3.86E-01 7.14E-01 0.00E+00
2.85E-01 1.04E+00 0.00E+00 1.32E+01 2.44E+01 0.00E+00
4.07E+00 1.49E+01 0.00E+00 1.38E+02 2.55E+02 0.00E+00
2.25E+01 8.25E+01 0.00E+00 8.04E+02 1.49E+03 0.00E+00
2.13E+01 7.82E+01 0.00E+00 8.03E+02 1.48E+03 0.00E+00
5.87E+01 2.15E+02 0.00E+00 2.43E+03 4.48E+03 0.00E+00



9.96E-02 3.65E-01 0.00E+00 4.67E+00 8.63E+00 0.00E+00 lipid
2.80E-01 1.02E+00 0.00E+00 1.32E+01 2.45E+01 0.00E+00 ww
3.46E-01 1.27E+00 0.00E+00 1.51E+01 2.79E+01 0.00E+00
8.47E-01 3.10E+00 0.00E+00 3.84E+01 7.09E+01 0.00E+00



5.87E+01 2.15E+02 0.00E+00 2.43E+03 4.48E+03 0.00E+00



egg lipid:wet 1.09E-01



Hexa Hepta
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C. Fish EGG TEQ pg/g Lipid
Pelagic Community



Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III)
Piscivore (TL-IV)



Reef / Vessel Community
Attached Algae
Sessile filter feeder (TL-II)
Invertebrate Omnivore (TL-II)
Invertebrate Forager (TL-III)
Vertebrate Forager (TL-III)
Predator (TL-IV)



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III)
Predator (TL-IV)



max TEQ pg/g WW



Secondary Consumers



Tertiary Consumers



 TEQ C. 
Fish EGG 
TEQ pg/g 



Lipid



Fish EGG 
TEQ pg/g 



WW
PCB157 PCB167 PCB169 PCB170 PCB180 PCB189 TEQ TEQ



1.60E-12 5.49E-12 0.00E+00 3.05E-11 5.63E-11 0.00E+00 5.39E-09 5.88E-10
9.97E-08 3.42E-07 0.00E+00 4.12E-06 7.62E-06 0.00E+00 1.12E-04 1.22E-05
5.84E-07 2.00E-06 0.00E+00 2.36E-05 4.35E-05 0.00E+00 5.47E-04 5.96E-05
1.75E-06 6.01E-06 0.00E+00 7.96E-05 1.47E-04 0.00E+00 1.01E-03 1.10E-04



2.55E-08 8.74E-08 0.00E+00 7.47E-07 1.38E-06 0.00E+00 3.61E-05 3.94E-06
7.60E-07 2.61E-06 0.00E+00 2.56E-05 4.73E-05 0.00E+00 1.30E-03 1.41E-04
1.09E-05 3.73E-05 0.00E+00 2.67E-04 4.93E-04 0.00E+00 2.04E-02 2.22E-03
6.01E-05 2.06E-04 0.00E+00 1.56E-03 2.88E-03 0.00E+00 9.95E-02 1.09E-02
5.69E-05 1.95E-04 0.00E+00 1.55E-03 2.87E-03 0.00E+00 7.07E-02 7.72E-03
1.57E-04 5.38E-04 0.00E+00 4.69E-03 8.67E-03 0.00E+00 1.31E-01 1.42E-02



2.66E-07 9.12E-07 0.00E+00 9.03E-06 1.67E-05 0.00E+00 4.37E-04 4.76E-05
7.46E-07 2.56E-06 0.00E+00 2.56E-05 4.73E-05 0.00E+00 1.15E-03 1.26E-04
9.22E-07 3.16E-06 0.00E+00 2.92E-05 5.40E-05 0.00E+00 1.38E-03 1.50E-04
2.26E-06 7.76E-06 0.00E+00 7.42E-05 1.37E-04 0.00E+00 2.48E-03 2.71E-04



1.57E-04 5.38E-04 0.00E+00 4.69E-03 8.67E-03 0.00E+00 1.39E-01 1.52E-02
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Appendix E. Results of Quantitative Uncertainty Analysis 



E1 Bottom Current 



E2 PCB Release Rate 



E3 Bivalve Exposure to Interior Vessel Water 
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E1 Bottom Current



Default
bottom current meters/h 93 465 926 1858 9292



Tissue Conc. (mg/kg-WW) Total PCB Total PCB Total PCB Total PCB Total PCB
Pelagic Community



Phytoplankton (TL1) 1.62E-07 6.64E-09 1.67E-09 4.16E-10 1.66E-11
Zooplankton (TL-II) 7.68E-04 1.54E-04 7.72E-05 3.85E-05 7.69E-06
Planktivore (TL-III) 3.72E-03 7.45E-04 3.74E-04 1.86E-04 3.73E-05
Piscivore (TL-IV) 5.78E-03 1.16E-03 5.80E-04 2.89E-04 5.78E-05



Reef / Vessel Community
Attached Algae 7.17E-05 1.44E-05 7.23E-06 3.60E-06 7.20E-07
Sessile filter feeder (TL-II) 1.57E-03 3.15E-04 1.58E-04 7.89E-05 1.58E-05
Invertebrate Omnivore (TL-II) 2.12E-02 1.74E-02 1.69E-02 1.67E-02 1.65E-02
Invertebrate Forager (TL-III) 4.39E-02 3.71E-02 3.62E-02 3.58E-02 3.55E-02
Vertebrate Forager (TL-III) 8.23E-02 6.74E-02 6.55E-02 6.46E-02 6.38E-02
Predator (TL-IV) 1.42E-01 1.16E-01 1.13E-01 1.11E-01 1.10E-01



Benthic Community
Infaunal invert. (TL-II) 5.44E-04 1.09E-04 5.48E-05 2.73E-05 5.46E-06
Epifaunal invert. (TL-II) 1.50E-03 3.00E-04 1.51E-04 7.50E-05 1.50E-05
Forager (TL-III) 3.42E-03 6.86E-04 3.45E-04 1.72E-04 3.43E-05
Predator (TL-IV) 1.18E-02 2.36E-03 1.18E-03 5.90E-04 1.18E-04



Air concentration (g/m3) 1.81E-14 1.37E-16 6.68E-17 3.21E-17 5.67E-18
Upper Water Column



Fugacity (Pa)
Water concentration (mg/L) 9.83E-11 4.03E-12 1.02E-12 2.52E-13 1.01E-14
Suspended solids concentration (mg/kg) 1.29E-06 5.26E-08 1.33E-08 3.29E-09 1.32E-10
Dissolved organic carbon  (mg/kg) 1.73E-05 7.05E-07 1.78E-07 4.42E-08 1.77E-09
Bulk Upper Water Col (mg/L) 2.33E-08 9.53E-10 2.40E-10 5.97E-11 2.39E-12



Lower Water Column
Fugacity (Pa)
Water concentration (mg/L) 4.35E-08 8.73E-09 4.39E-09 2.19E-09 4.37E-10
Suspended solids concentration (mg/kg) 1.07E-03 2.15E-04 1.08E-04 5.38E-05 1.08E-05
Dissolved organic carbon  (mg/kg) 9.80E-03 1.97E-03 9.88E-04 4.92E-04 9.85E-05
Bulk Lower Water Col (mg/L) 1.66E-05 3.34E-06 1.68E-06 8.35E-07 1.67E-07



Inside the Vessel
Fugacity (Pa)
Water concentration (mg/L) 1.80E-06 1.80E-06 1.80E-06 1.80E-06 1.80E-06
Suspended solids concentration (mg/kg) 4.44E-02 4.44E-02 4.44E-02 4.44E-02 4.44E-02
Dissolved organic carbon  (mg/kg) 4.06E-01 4.06E-01 4.06E-01 4.06E-01 4.06E-01
Bulk Water Inside Vessel (mg/L) 6.89E-04 6.89E-04 6.89E-04 6.89E-04 6.89E-04



Sediment Bed
Fugacity (Pa)
Pore Water concentration (mg/L) 4.35E-08 8.73E-09 4.39E-09 2.19E-09 4.37E-10
Sediment concentration  (mg/kg) 7.14E-05 1.43E-05 7.19E-06 3.58E-06 7.17E-07



Appendix E1. The effect on PCB concentrations in biotic and abiotic media as function of varying 
bottom current through the ZOI.
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E2 PCB Release Rate



B. No BHI
D. 5247kg 
BHI



A. PRAM 
Defaults 
14379Kg



E. 26000 
kg BHI



F. 52478 
kg BHI 
(original 
amount)



Daily PCB Release Rate (ng/day) 2.4E+08 4.3E+08 7.62E+08 1.18E+09 2.15E+09
% of BHI on the Ship 0% 10% 27% 50% 100%



Tissue Conc. (mg/kg-WW) Total PCB Total PCB Total PCB Total PCB Total PCB
Pelagic Community



Phytoplankton (TL1) 5.13E-10 9.37E-10 1.67E-09 2.61E-09 4.75E-09
Zooplankton (TL-II) 2.27E-05 4.26E-05 7.72E-05 1.21E-04 2.22E-04
Planktivore (TL-III) 7.12E-05 1.82E-04 3.74E-04 6.19E-04 1.18E-03
Piscivore (TL-IV) 1.40E-04 3.00E-04 5.80E-04 9.37E-04 1.75E-03



Reef / Vessel Community
Attached Algae 2.11E-06 3.98E-06 7.23E-06 1.14E-05 2.08E-05
Sessile filter feeder (TL-II) 4.51E-05 8.65E-05 1.58E-04 2.50E-04 4.58E-04
Invertebrate Omnivore (TL-II) 2.79E-03 7.96E-03 1.69E-02 2.84E-02 5.44E-02
Invertebrate Forager (TL-III) 5.86E-03 1.69E-02 3.62E-02 6.08E-02 1.17E-01
Vertebrate Forager (TL-III) 9.24E-03 2.98E-02 6.55E-02 1.11E-01 2.15E-01
Predator (TL-IV) 1.88E-02 5.31E-02 1.13E-01 1.89E-01 3.62E-01



Benthic Community
Infaunal invert. (TL-II) 1.48E-05 2.94E-05 5.48E-05 8.72E-05 1.61E-04
Epifaunal invert. (TL-II) 3.53E-05 7.74E-05 1.51E-04 2.44E-04 4.56E-04
Forager (TL-III) 6.19E-05 1.65E-04 3.45E-04 5.73E-04 1.09E-03
Predator (TL-IV) 1.79E-04 5.46E-04 1.18E-03 2.00E-03 3.85E-03



Air concentration (g/m3) 2.23E-17 3.86E-17 6.68E-17 1.03E-16 1.85E-16
Upper Water Column



Fugacity (Pa)
Water concentration (mg/L) 3.12E-13 5.69E-13 1.02E-12 1.59E-12 2.88E-12
Suspended solids concentration (mg/kg) 3.88E-09 7.31E-09 1.33E-08 2.08E-08 3.81E-08
Dissolved organic carbon  (mg/kg) 2.62E-08 8.15E-08 1.78E-07 3.00E-07 5.80E-07
Bulk Upper Water Col (mg/L) 5.49E-11 1.23E-10 2.40E-10 3.90E-10 7.32E-10



Lower Water Column
Fugacity (Pa)
Water concentration (mg/L) 1.28E-09 2.41E-09 4.39E-09 6.90E-09 1.26E-08
Suspended solids concentration (mg/kg) 4.86E-05 7.02E-05 1.08E-04 1.56E-04 2.65E-04
Dissolved organic carbon  (mg/kg) 2.34E-04 5.09E-04 9.88E-04 1.60E-03 2.99E-03
Bulk Lower Water Col (mg/L) 6.28E-07 1.01E-06 1.68E-06 2.52E-06 4.46E-06



Inside the Vessel
Fugacity (Pa)
Water concentration (mg/L) 5.26E-07 9.92E-07 1.80E-06 2.84E-06 5.19E-06
Suspended solids concentration (mg/kg) 2.00E-02 2.89E-02 4.44E-02 6.41E-02 1.09E-01
Dissolved organic carbon  (mg/kg) 9.64E-02 2.09E-01 4.06E-01 6.57E-01 1.23E+00
Bulk Water Inside Vessel (mg/L) 2.58E-04 4.16E-04 6.89E-04 1.04E-03 1.83E-03



Sediment Bed
Fugacity (Pa)
Pore Water concentration (mg/L) 1.28E-09 2.41E-09 4.39E-09 6.90E-09 1.26E-08
Sediment concentration  (mg/kg) 3.24E-06 4.68E-06 7.19E-06 1.04E-05 1.77E-05



Appendix E2. The effect on PCB concentrations in biotic and abiotic media as function of varying the daily 
PCB release rate.
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E3 Bivalve



Hazard Quotients
A. PRAM 
Defaults B. 50% C. 100% default 50%



Bivalve Exposure to Interior Water 0.01 0.5 0.99
Tissue Conc. (mg/kg-WW) Total PCB Total PCB Total PCB Dolphin-NOAEL* Dolphin-NOAEL*



Pelagic Community 0.03165506 0.03165506
Phytoplankton (TL1) 1.67E-09 1.67E-09 1.67E-09 0.000 0.000
Zooplankton (TL-II) 7.72E-05 7.72E-05 7.72E-05 0.002 0.002
Planktivore (TL-III) herring 3.74E-04 3.74E-04 3.74E-04 0.012 0.012
Piscivore (TL-IV) jack 5.80E-04 5.80E-04 5.80E-04 0.018 0.018



Reef / Vessel Community
Attached Algae 7.23E-06 7.23E-06 7.23E-06 0.000 0.000
Bivalve (TL-II) mussel 1.58E-04 2.78E-02 5.49E-02 0.005 0.878
Invertebrate Omnivore (TL-II) urchin 1.69E-02 5.33E-02 8.89E-02 0.535 1.683
Invertebrate Forager (TL-III) crab 3.62E-02 1.04E-01 1.71E-01 1.145 3.288
Vertebrate Forager (TL-III) triggerfish 6.55E-02 1.91E-01 3.15E-01 2.069 6.048
Predator (TL-IV) grouper 1.13E-01 3.13E-01 5.09E-01 3.564 9.889



Benthic Community
Infaunal invert. (TL-II) 5.48E-05 5.48E-05 5.48E-05 0.002 0.002
Epifaunal invert. (TL-II) 1.51E-04 1.51E-04 1.51E-04 0.005 0.005
Forager (TL-III) lobster 3.45E-04 3.45E-04 3.45E-04 0.011 0.011
Predator (TL-IV) flounder 1.18E-03 1.18E-03 1.18E-03 0.037 0.037



* Benchmarks were divided by an AF=10 to account for species-to-species differences in toxicity.



Appendix E3. The effect on PCB concentrations in biota as function of increasing bivalve expsosure to interior 
vessel water.
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E3 Bivalve



Bivalve Exposure to Interior Water
Tissue Conc. (mg/kg-WW)



Pelagic Community
Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) herring
Piscivore (TL-IV) jack



Reef / Vessel Community
Attached Algae
Bivalve (TL-II) mussel
Invertebrate Omnivore (TL-II) urchin
Invertebrate Forager (TL-III) crab
Vertebrate Forager (TL-III) triggerfish
Predator (TL-IV) grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) lobster
Predator (TL-IV) flounder



Appendix E3. Cont.
Hazard Quotients



99% 99% 99% 99% 99% 99% 99% 99%



Dolphin-NOAEL* Invert-NOED* Cormor-NOAEL* Gull-NOAEL* Invert-LOED* Fish-NOED* Dolphin-LOAEL* Fish-LOED*
0.03165506 0.06 0.08 0.083333 0.11 0.15 0.1582753 0.18



0.000 0.000 0.000 0.000 0.0000 0.0000 0.0000 0.0000
0.002 0.001 0.001 0.001 0.0007 0.0005 0.0005 0.0004
0.012 0.006 0.005 0.004 0.0034 0.0025 0.0024 0.0021
0.018 0.010 0.007 0.007 0.0053 0.0039 0.0037 0.0032



0.000 0.000 0.000 0.000 0.0001 0.0000 0.0000 0.0000
1.734 0.915 0.686 0.659 0.4991 0.3660 0.3468 0.3050
2.807 1.481 1.111 1.066 0.8079 0.5925 0.5615 0.4937
5.388 2.843 2.132 2.047 1.5505 1.1370 1.0776 0.9475
9.947 5.248 3.936 3.779 2.8625 2.0992 1.9894 1.7493



16.088 8.488 6.366 6.111 4.6297 3.3951 3.2176 2.8293



0.002 0.001 0.001 0.001 0.0005 0.0004 0.0003 0.0003
0.005 0.003 0.002 0.002 0.0014 0.0010 0.0010 0.0008
0.011 0.006 0.004 0.004 0.0031 0.0023 0.0022 0.0019
0.037 0.020 0.015 0.014 0.0108 0.0079 0.0075 0.0066



* Benchmarks were divided by an AF=10 to account for species-to-species differences in toxicity.



E - 5











E3 Bivalve



Bivalve Exposure to Interior Water
Tissue Conc. (mg/kg-WW)



Pelagic Community
Phytoplankton (TL1)
Zooplankton (TL-II)
Planktivore (TL-III) herring
Piscivore (TL-IV) jack



Reef / Vessel Community
Attached Algae
Bivalve (TL-II) mussel
Invertebrate Omnivore (TL-II) urchin
Invertebrate Forager (TL-III) crab
Vertebrate Forager (TL-III) triggerfish
Predator (TL-IV) grouper



Benthic Community
Infaunal invert. (TL-II)
Epifaunal invert. (TL-II)
Forager (TL-III) lobster
Predator (TL-IV) flounder



Appendix E3. Cont.
Hazard Quotients



99% 99% 99% 99% 99% 99% 99% 99% 99%



Turtle-NOAEL* Shark-NOAEL* Shark-LOAEL* TSV Cormor-LOAEL* Gull-LOAEL* Bcv-Invert Turtle-LOAEL* Bcv-Fish
0.2178789 0.25196453 0.4065791 0.4368 0.8 0.833333 0.936 1.0893946 7.4463



0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0004 0.0003 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 0.0000
0.0017 0.0015 0.0009 0.0009 0.0005 0.0004 0.0004 0.0003 0.0001
0.0027 0.0023 0.0014 0.0013 0.0007 0.0007 0.0006 0.0005 0.0001



0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.2520 0.2179 0.1350 0.1257 0.0686 0.0659 0.0587 0.0504 0.0074
0.4079 0.3527 0.2186 0.2035 0.1111 0.1066 0.0949 0.0816 0.0119
0.7828 0.6769 0.4195 0.3905 0.2132 0.2047 0.1822 0.1566 0.0229
1.4452 1.2497 0.7744 0.7209 0.3936 0.3779 0.3364 0.2890 0.0423
2.3374 2.0212 1.2526 1.1659 0.6366 0.6111 0.5441 0.4675 0.0684



0.0003 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000
0.0007 0.0006 0.0004 0.0003 0.0002 0.0002 0.0002 0.0001 0.0000
0.0016 0.0014 0.0008 0.0008 0.0004 0.0004 0.0004 0.0003 0.0000
0.0054 0.0047 0.0029 0.0027 0.0015 0.0014 0.0013 0.0011 0.0002



* Benchmarks were divided by an AF=10 to account for species-to-species differences in toxicity.
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From: Robert C Anderson
To: Richard Franklin
Subject: Re: Draft No Effects Memo, LST-1166
Date: 07/12/2011 01:27 PM


Hi Richard - nature of a volunteer assignment...my apologizes for getting back to
you so late.


Good job on the project description.


I did look over the document and provide these suggestions:


In my opinion, the document needs to better explain why the proposed best
management practices will not result in effects to listed species or critical habitat
(ESA), and for Federally managed fishes and Essential Fish Habitat under the
Magnuson-Stevens Fishery Conservation and Management Act.


As written, the rationales are formulated as A=B, rather than A+B+C=D. For
example (A=B), "because best management practices will be applied, therefore there
will be no effects." 


For example (A+B+C=D), if PCBs are released into the environment at some point
there fate and transport will do something...at that point what will happen? Why
does it not affect habitat or species, either directly or indirectly? What is needed is
an explanation of why (what is it about a particular best management practice that
will neutralize effects from occurring?) a particular best management practice
(important to clearly identify and link each best management practice to the
appropriate activity) will result in no effect?


Anyway, hope this is helpful.


robert


Richard Franklin wrote the following on 7/12/2011 11:40 AM:


Hey Robert.  Any time to review yet?


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:   Robert C Anderson <robert.c.anderson@noaa.gov>
To:     Richard Franklin/R10/USEPA/US@EPA
Date:   07/05/2011 01:21 PM
Subject:        Re: Draft No Effects Memo, LST-1166


Hi Richard -- I got wrapped up in a couple of fire drills last 
week.
I'll give you a call TH to discuss if your available.


robert
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Franklin.Richard@epamail.epa.gov wrote the following on 6/27/2011 
11:07
AM:


      Het Robert,


      Thanks so much for being wiling to take a quick look at this
      technical
      memorandum.  Again, if you feel that something is amiss or 
we're
      off-track, give us a hollar.


      (See attached file: No effects tech memo Rev 3.docx)


      Richard Franklin
      Federal On-Scene Coordinator
      U.S. EPA Region 10
      Oregon Operations Office
      805 SW Broadway, Suite 500
      Portland, OR  97205


      Office:  (503) 326-2917
      Cell:     (503) 475-4178
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From: Fuller, Steve
To: Richard Franklin
Cc: Shiroma, Estelle
Subject: RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/16/2011 11:47 AM


Richard,


Confirming " Robert K Johnston" is the same as "Bob Johnston", if so we
will coordinate.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 16, 2011 11:28 AM
To: Fuller, Steve
Subject: Re: FW: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Steve,


I had a long, interesting productive call with Bob Johnston at SPAWAR.
He's a PhD research and Marine Biologist who's been working on similar
projects for the NAVY for many years, but more importantly for us was
directly involved in the ORISKANY and EX-AEGERHOLM.  He's going to
gather up appropriate papers on deep water studies and send a cd to you
and me.


In the meantime, I asked him if he could talk to Estelle and you today
on a conference call, and discuss what he knows about these projects and
PCBs.  Can we set you and Estelle up for a call with him today?  He's
willing to spend a small amount of time visiting with you guys.  We
won't have the data on the deep water stuff by then, but I'm hoping he
might be able to give Estelle and you enough qualitative info to get us
a better foundation and perhaps re-write for the Risk Evaluation.


By the way, the previous email you sent was VERY interesting.  Good to
know.  Wish we'd known this before.  I'll try to write this in the EECA
today.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:   "Fuller, Steve" <SFuller@TechLawInc.com>
To:     Richard Franklin/R10/USEPA/US@EPA
Date:   06/16/2011 11:03 AM
Subject:        FW: Assistance on SPAWAR reports re Deep Ocean Effects
from
            PCBs and  other Contaminants


Richard,


I'm on a call until 10:30.  Estelle says these are no help, she has seen
most of these already.  She really needs the deep water SINKEY stuff.


Best,
Steve


-----Original Message-----
From: Robert K Johnston [mailto:johnston@spawar.navy.mil]
Sent: Thursday, June 16, 2011 10:50 AM
To: Franklin.Richard@epamail.epa.gov
Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; Chadwick, Bart B CIV
SPAWARSYSCEN-PACIFIC, 71750; Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC,
71752; George, Robert D CIV SPAWARSYSCEN-PACIFIC, 71752; Fuller, Steve
Subject: Re: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Hi Richard,


I was good talking with you. We are working on getting a CD with all the
SINKEX studies for you. All the Oriskany reports are available at
http://environ.spawar.navy.mil/Projects/REEFEX/index.html


You may also be interested in these references as well:
EPA Guidance for artificial reefs
http://water.epa.gov/type/oceb/artificialreefs_index.cfm


SEA 21 Navy Inactive Ships Program
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/de
fault.aspx
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mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US@EPA

mailto:EShiroma@TechLawInc.com





http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/or
iskanyfaqs.aspx


Ships to Reefs Program
http://www.ships2reefs.com/displaycommon.cfm?an=1&subarticlenbr=17


South Carolina Artificial Reef Program
http://saltwaterfishing.sc.gov/artificialreef.html


Florida Artificial Reef Program
http://myfwc.com/conservation/saltwater/artificial-reefs/


Escambia County (FL) Artificial Reefs
http://www.myescambia.com/Bureaus/CommunityServices/ArtificialReefs.html


Currents Article on Sinking Oriskany
http://www.enviro-navair.navy.mil/currents/summer2006/Sum06_Ships_To_Ree
f_Program.pdf


Artificial Reef Society of BC
http://www.artificialreef.bc.ca/


and the ultimate source....
Wikipedia
http://en.wikipedia.org/wiki/Artificial_reef


I hope that helps.


-bob
--
~~~o~~~<><~~~~o~~~><>~~~o~<><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW Space and Naval Warfare Systems
Center Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279
johnston@spawar.navy.mil


> ________________________________
>
> From: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Sent: Tue 6/14/2011 3:52 PM
> To: Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752
> Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; George, Robert D CIV


> SPAWARSYSCEN-PACIFIC, 71752
> Subject: FW: Assistance on SPAWAR reports re Deep Ocean Effects from 
> PCBs and other Contaminants
>
> Roy/Rob/Bill,
>
> Can you please provide a response to the request below.
>
> Thanks,
>
> Bart
>
> -----Original Message-----
> From: Franklin.Richard@epamail.epa.gov 
> [mailto:Franklin.Richard@epamail.epa.gov]
> Sent: Tuesday, June 14, 2011 1:57 PM
> To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Cc: SFuller@TechLawInc.com
> Subject: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs 
> and other Contaminants
>
> HI Bart,
>
> Thanks for visiting with me this afternoon about Mr. (Dr?) Gauthier's
reports on the release of PCBs and other contaminants in the deep ocean
from sunken vessels.  As I mentioned in our call, we are working to
assist the U.S. Coast Guard, Sector Columbia River, with conducting an
Engineering Evaluation and Cost Analysis (EE/CA) of disposal options for
an ex-Navy ship that has been abandoned on the lower Columbia River.
>
> The vessel is an attractive nuisance, but more specifically is
contaminated with PCBs in interior paint and PCB-laced asbestos cabling
insulation.  The USCG would like to scuttle the vessel in 1000 fathoms
of water, 65 miles offshore the coast Oregon.
>
> In conducting the EE/CA, we've been having a hard time finding
appropriate, helpful studies or data on what might happen to PCBs in the
deep ocean environment.  However, we did find references to Mr.
>
> Gauthier's work in SPAWAR's January 2006 Final Report on the 
> Ecological Risk Assessment on the EX- ORISKANY, specifically;
>
> Gauthier et al. 2006. Risk Assessment of the Potential Release of PCBs
and Other Contaminants from Sunken Navy Ships in the Deep Ocean: ex-USS
AGERHOLM Case Study.
>
> Final
> report prepared for SINKEX Technical Working Group, by Space and Naval
Warfare Systems Center, San Diego, CA. (in prep).







>
>  Another reference that looks to be helpful in this report is:
>
> Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha
Stallard, and D. H. Rushworth 1994. Ecological Analysis of Deep Sea
Sinking of Navy Ships Containing Polychlorinated Biphenyls (PCB)
Impregnated Materials, White Paper. Naval Command, Control, and Ocean
Surveillance Center Research Development Test and Evaluation Division
(NRaD), Environmental Sciences Division, Code 52, 4 March 1994, San
Diego, CA.
>
> We've not been able to locate the these studies, so I'd like to
request a copy from your agency if possible.  Any help you can provide
will be appreciated.  We'd love to get our hands on a copy soon (would
be great to have it such electronic copy, but of course hard copy is
great, too).
>
> At this point, ANY help is highly appreciated.  Any other references
that you may deem to be helpful would be appreciated.  Also, I've cc'd
our EPA contractor who is assisting with our risk assessment and also
putting our report together.
>
> Thanks again for your help,
>
> Richard Franklin
> Federal On-Scene Coordinator
> U.S. EPA Region 10
> Oregon Operations Office
> 805 SW Broadway, Suite 500
> Portland, OR  97205
>
> Office:  (503) 326-2917
> Cell:     (503) 475-4178








From: Richard Franklin
To: Robert C Anderson
Subject: Re: Draft No Effects Memo, LST-1166
Date: 07/12/2011 01:40 PM


Thanks Robert.  Its very helpful, and we'll work to address the needed changes.


Again, thanks for your help.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ Robert C Anderson ---07/12/2011 01:27:10 PM---Hi Richard - nature of a
volunteer assignment...my apologizes for getting back to you so late.  Good


From:    Robert C Anderson <robert.c.anderson@noaa.gov>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    07/12/2011 01:27 PM
Subject:    Re: Draft No Effects Memo, LST-1166


Hi Richard - nature of a volunteer assignment...my apologizes for getting back
to you so late.


Good job on the project description.


I did look over the document and provide these suggestions:


In my opinion, the document needs to better explain why the proposed best
management practices will not result in effects to listed species or critical
habitat (ESA), and for Federally managed fishes and Essential Fish Habitat
under the Magnuson-Stevens Fishery Conservation and Management Act.


As written, the rationales are formulated as A=B, rather than A+B+C=D. For
example (A=B), "because best management practices will be applied, therefore
there will be no effects." 


For example (A+B+C=D), if PCBs are released into the environment at some
point there fate and transport will do something...at that point what will
happen? Why does it not affect habitat or species, either directly or indirectly?
What is needed is an explanation of why (what is it about a particular best
management practice that will neutralize effects from occurring?) a particular
best management practice (important to clearly identify and link each best
management practice to the appropriate activity) will result in no effect?
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Anyway, hope this is helpful.


robert


Richard Franklin wrote the following on 7/12/2011 11:40 AM: 
Hey Robert.  Any time to review yet?


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:         Robert C Anderson
<robert.c.anderson@noaa.gov>
To:         Richard Franklin/R10/USEPA/US@EPA
Date:         07/05/2011 01:21 PM
Subject:         Re: Draft No Effects Memo,
LST-1166


Hi Richard -- I got wrapped up in a couple of
fire drills last week.
I'll give you a call TH to discuss if your
available.


robert


Franklin.Richard@epamail.epa.gov wrote the
following on 6/27/2011 11:07
AM:


      Het Robert,


      Thanks so much for being wiling to take a
quick look at this
      technical
      memorandum.  Again, if you feel that
something is amiss or we're
      off-track, give us a hollar.


      (See attached file: No effects tech memo
Rev 3.docx)


      Richard Franklin
      Federal On-Scene Coordinator
      U.S. EPA Region 10
      Oregon Operations Office
      805 SW Broadway, Suite 500
      Portland, OR  97205
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      Office:  (503) 326-2917
      Cell:     (503) 475-4178








From: Richard Franklin
To: Fuller, Steve
Cc: Shiroma, Estelle
Subject: RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/16/2011 12:02 PM


Yes.  Same fellow.  You have his email, and his phone is 360-782-0113.  He's at the Naval
shipyards at Bremerton. 


One other question I have, in talking to him and reviewing other papers -  it seems as if
bulkhead insulation with what they call "lagging", or wrapping/covering material of 
fiberglass insulation and resins, can be a real problem and often has highest content of
PCBs on board these old Navy ships. I don't think we've dealt with this, estimated it, or
written anything about it in the EE/CA.  In the CCS spreadsheet, there is reference to what
appears to be bulkhead insulation covering ("Blk Insl Covering-013"), Line 21.  What do
you think?


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ "Fuller, Steve" ---06/16/2011 11:47:41 AM---Richard, Confirming " Robert K Johnston"
is the same as "Bob Johnston", if so we


From:    "Fuller, Steve" <SFuller@TechLawInc.com>
To:    Richard Franklin/R10/USEPA/US@EPA
Cc:    "Shiroma, Estelle" <EShiroma@TechLawInc.com>
Date:    06/16/2011 11:47 AM
Subject:    RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and  other Contaminants


Richard,


Confirming " Robert K Johnston" is the same as "Bob Johnston", if so
we
will coordinate.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 16, 2011 11:28 AM
To: Fuller, Steve
Subject: Re: FW: Assistance on SPAWAR reports re Deep Ocean Effects
from
PCBs and other Contaminants


Steve,


I had a long, interesting productive call with Bob Johnston at
SPAWAR.
He's a PhD research and Marine Biologist who's been working on
similar
projects for the NAVY for many years, but more importantly for us was
directly involved in the ORISKANY and EX-AEGERHOLM.  He's going to
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gather up appropriate papers on deep water studies and send a cd to
you
and me.


In the meantime, I asked him if he could talk to Estelle and you
today
on a conference call, and discuss what he knows about these projects
and
PCBs.  Can we set you and Estelle up for a call with him today?  He's
willing to spend a small amount of time visiting with you guys.  We
won't have the data on the deep water stuff by then, but I'm hoping
he
might be able to give Estelle and you enough qualitative info to get
us
a better foundation and perhaps re-write for the Risk Evaluation.


By the way, the previous email you sent was VERY interesting.  Good
to
know.  Wish we'd known this before.  I'll try to write this in the
EECA
today.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:         "Fuller, Steve" <SFuller@TechLawInc.com>
To:         Richard Franklin/R10/USEPA/US@EPA
Date:         06/16/2011 11:03 AM
Subject:         FW: Assistance on SPAWAR reports re Deep Ocean
Effects
from
            PCBs and  other Contaminants


Richard,


I'm on a call until 10:30.  Estelle says these are no help, she has
seen
most of these already.  She really needs the deep water SINKEY stuff.


Best,
Steve


-----Original Message-----
From: Robert K Johnston [mailto:johnston@spawar.navy.mil]
Sent: Thursday, June 16, 2011 10:50 AM
To: Franklin.Richard@epamail.epa.gov
Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; Chadwick, Bart B
CIV
SPAWARSYSCEN-PACIFIC, 71750; Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC,
71752; George, Robert D CIV SPAWARSYSCEN-PACIFIC, 71752; Fuller, Steve
Subject: Re: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Hi Richard,


I was good talking with you. We are working on getting a CD with all
the
SINKEX studies for you. All the Oriskany reports are available at
http://environ.spawar.navy.mil/Projects/REEFEX/index.html


You may also be interested in these references as well:
EPA Guidance for artificial reefs
http://water.epa.gov/type/oceb/artificialreefs_index.cfm


SEA 21 Navy Inactive Ships Program
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/de


fault.aspx


http://www.navsea.navy.mil/teamships/Inactiveships/Artificial Reefing/or







iskanyfaqs.aspx


Ships to Reefs Program
http://www.ships2reefs.com/displaycommon.cfm?an=1&subarticlenbr=17


South Carolina Artificial Reef Program
http://saltwaterfishing.sc.gov/artificialreef.html


Florida Artificial Reef Program
http://myfwc.com/conservation/saltwater/artificial-reefs/


Escambia County (FL) Artificial Reefs
http://www.myescambia.com/Bureaus/CommunityServices/ArtificialReefs.html


Currents Article on Sinking Oriskany
http://www.enviro-
navair.navy.mil/currents/summer2006/Sum06_Ships_To_Ree
f_Program.pdf


Artificial Reef Society of BC
http://www.artificialreef.bc.ca/


and the ultimate source....
Wikipedia
http://en.wikipedia.org/wiki/Artificial_reef


I hope that helps.


-bob
--
~~~o~~~<><~~~~o~~~><>~~~o~<><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW Space and Naval Warfare
Systems
Center Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279
johnston@spawar.navy.mil


> ________________________________
>
> From: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Sent: Tue 6/14/2011 3:52 PM
> To: Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752
> Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; George, Robert D
CIV


> SPAWARSYSCEN-PACIFIC, 71752
> Subject: FW: Assistance on SPAWAR reports re Deep Ocean Effects
from 
> PCBs and other Contaminants
>
> Roy/Rob/Bill,
>
> Can you please provide a response to the request below.
>
> Thanks,
>
> Bart
>
> -----Original Message-----
> From: Franklin.Richard@epamail.epa.gov 
> [mailto:Franklin.Richard@epamail.epa.gov]
> Sent: Tuesday, June 14, 2011 1:57 PM
> To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Cc: SFuller@TechLawInc.com
> Subject: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs 
> and other Contaminants
>
> HI Bart,
>







> Thanks for visiting with me this afternoon about Mr. (Dr?)
Gauthier's
reports on the release of PCBs and other contaminants in the deep
ocean
from sunken vessels.  As I mentioned in our call, we are working to
assist the U.S. Coast Guard, Sector Columbia River, with conducting an
Engineering Evaluation and Cost Analysis (EE/CA) of disposal options
for
an ex-Navy ship that has been abandoned on the lower Columbia River.
>
> The vessel is an attractive nuisance, but more specifically is
contaminated with PCBs in interior paint and PCB-laced asbestos
cabling
insulation.  The USCG would like to scuttle the vessel in 1000
fathoms
of water, 65 miles offshore the coast Oregon.
>
> In conducting the EE/CA, we've been having a hard time finding
appropriate, helpful studies or data on what might happen to PCBs in
the
deep ocean environment.  However, we did find references to Mr.
>
> Gauthier's work in SPAWAR's January 2006 Final Report on the 
> Ecological Risk Assessment on the EX- ORISKANY, specifically;
>
> Gauthier et al. 2006. Risk Assessment of the Potential Release of
PCBs
and Other Contaminants from Sunken Navy Ships in the Deep Ocean: ex-
USS
AGERHOLM Case Study.
>
> Final
> report prepared for SINKEX Technical Working Group, by Space and
Naval
Warfare Systems Center, San Diego, CA. (in prep).
>
>  Another reference that looks to be helpful in this report is:
>
> Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha
Stallard, and D. H. Rushworth 1994. Ecological Analysis of Deep Sea
Sinking of Navy Ships Containing Polychlorinated Biphenyls (PCB)
Impregnated Materials, White Paper. Naval Command, Control, and Ocean
Surveillance Center Research Development Test and Evaluation Division
(NRaD), Environmental Sciences Division, Code 52, 4 March 1994, San
Diego, CA.
>
> We've not been able to locate the these studies, so I'd like to
request a copy from your agency if possible.  Any help you can
provide
will be appreciated.  We'd love to get our hands on a copy soon
(would
be great to have it such electronic copy, but of course hard copy is
great, too).
>
> At this point, ANY help is highly appreciated.  Any other
references
that you may deem to be helpful would be appreciated.  Also, I've
cc'd
our EPA contractor who is assisting with our risk assessment and also
putting our report together.
>
> Thanks again for your help,
>
> Richard Franklin
> Federal On-Scene Coordinator
> U.S. EPA Region 10
> Oregon Operations Office
> 805 SW Broadway, Suite 500
> Portland, OR  97205
>
> Office:  (503) 326-2917
> Cell:     (503) 475-4178








From: Fuller, Steve
To: Richard Franklin
Cc: Martin, Bradley
Subject: FW:
Date: 06/16/2011 10:02 AM
Attachments: Book1.xlsx


Richard,
 
Just got off the phone with CCS.  The coast guard made a mistake in their briefing.  Some of the wire
(see spread sheet) contains PCB (Black casing; red-black-yellow, yellow) other does not.  CCS wanted
to recycle it for copper content.  Coast guard pushed back.  CCS did not do an inventory of the
wiring.  Justin Piper (CCS) guessed that it should have been reported at 60 tons.  But without an
inventory it’s just a guess.  The ship weighs 2600 tons, so 60 tons would be 2% of the weight of the
ship which does not seem out of line when you look at photos of the wire bundles.
 
I suggest we go with 60 tons.  Let’s say that ½ the weight is casing/shielding that will have to go as
Haz waste for PCB content.  The other half (copper wire) goes to recycling., if that is an overestimate
no buddy gets hurt $.
 
Please weigh in.
 
Best,
Steve
 
 
 


From: Wilson, Laura 
Sent: Thursday, June 16, 2011 9:44 AM
To: Fuller, Steve
Subject:
 
 
 
Laura Wilson
Staff Consultant
Techlaw Inc.
101 Yesler Way, Suite 600
Seattle, WA 98104
206.577.3059 (O)
206.949.1395 (C)
 



mailto:SFuller@TechLawInc.com

mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US@EPA

mailto:BMartin@TechLawInc.com



PCB-S


			Cowiltz Clean Sweep, Inc.


			LST 1166 Project





			ANALYTICAL  RESULTS FOR THE ANALYSIS OF PCB's IN SOLID MATERIAL AND OIL BY EPA METHOD 8082








			Sample Identification			Date Analyzed			Aroclor                   1016                        (mg/kg)			Aroclor                    1221                          (mg/kg)			Aroclor                     1232                        (mg/kg)			Aroclor                        1248                     (mg/kg)			Aroclor                           1254                     (mg/kg)			Aroclor                          1260                     (mg/kg)			Data Flags			Comments


			R1-Ele Mtr-001			8/20/08			<0.50			<0.50			<0.50			<0.50			115			<0.50						DF100


			R1-Small Cap-002			8/21/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			R1-Large Cap-003			8/21/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			R1-Floor Lgt Ballasts-004			8/21/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			R1-Green Paint-005			8/20/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			R2-Black Wire w/inst-006			8/20/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			R2-Black Inst-007			8/20/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			R3-Blk Brn Wire-008			8/20/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			R4-Oil from Compressor-009			8/20/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			R4-Ylw, Blk,Red Wire-010			8/20/08			<0.50			<0.50			<0.50			<0.50			331			<0.50						DF100


			R4-Flrant Lgt Blst-011			8/21/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			R4-Blk Wire, Ceiling-012			8/20/08			<0.50			<0.50			<0.50			<0.50			105			<0.50						DF100


			R25-Blk Insl Covering-013			8/21/08			<1.0			<1.0			<1.0			<1.0			2160			<1.0						DF200


			R25-Blk Wire-014			8/20/08			<0.50			<0.50			<0.50			<0.50			230			<0.50						DF100


			D3-Drum			8/21/08			nd			nd			nd			nd			34.7			nd						 


			D4-Drum			8/20/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Portside Bow Oil			8/20/08			<0.50			<0.50			<0.50			<0.50			361			<0.50						DF100


			D5-Stern			8/21/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			D6-Stern			8/21/08			<0.50			<0.50			<0.50			109			<0.50			<0.50						DF100


			D7-Stern			8/21/08			<0.50			<0.50			<0.50			56.4			<0.50			<0.50						DF100


			D8-Stern			8/21/08			<0.50			<0.50			<0.50			95.3			<0.50			<0.50						DF100


			D9-Stern			8/21/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Lower Hold Paint Chips			8/21/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Large Capicitor			8/20/08			n/a			n/a			n/a			n/a			n/a			n/a						Same as R1-Small Cap-003


			D11-Stern			8/20/08			<0.50			<0.50			<0.50			152			<0.50			<0.50						DF100


			D12-Stern			8/21/08			<0.50			<0.50			<0.50			119			<0.50			<0.50						DF100


			D13-Stern			8/21/08			<0.50			<0.50			<0.50			133			<0.50			<0.50						DF100


			D14-Stern			8/21/08			<0.50			<0.50			<0.50			163			<0.50			<0.50						DF100


			D15-Stern			8/21/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			D17-Stern			8/21/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			D19-Bow Grease			8/21/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Hatch Hole/ER 2			8/26/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Hatch H3			8/26/08			<0.50			<0.50			<0.50			223			<0.50			<0.50						DF100


			Hatch H4			8/26/08			<0.50			<0.50			<0.50			66.1			<0.50			<0.50						DF100


			Hatch H7			8/26/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Paint-Fwd Starboard 2nd Deck			8/26/08			<1.0			<1.0			<1.0			<1.0			42.2			<1.0						DF20 


			Hatch H2			8/26/08			<0.50			<0.50			<0.50			106			<0.50			<0.50						DF100


			Paint Room 13			8/26/08			<1.0			<1.0			<1.0			<1.0			64.8			<1.0						DF20 


			Paint Room 7			8/26/08			<1.0			<1.0			<1.0			<1.0			72.6			<1.0						DF20 


			Paint-Room 2			8/26/08			<1.0			<1.0			<1.0			<1.0			<1.0			<1.0						DF20 


			Starboard/Bow Hydraulic			8/26/08			<0.50			<0.50			<0.50			65.6			<0.50			<0.50						DF100


			Hatch-H1			8/26/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			H349.1.Q.Sup-S			8/31/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			H349.1.Q.Sup-P			8/31/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			H Deck 2.38.1.L-S			8/31/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			H38 GWNN 3.38.3L			8/31/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			H Deck 2.38.1.L B			8/31/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			ADID 349.1Q Propshaft			8/31/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			H2-38-2B Eng Room			9/4/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			L2-40-2P Eng Room			9/4/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			H2-48-2 Mech Room			9/4/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			D21 Room 39			9/4/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			D23 Room 39			9/4/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			D22 Room 39			9/4/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			R105 Starage Oil			9/4/08			<0.50			<0.50			<0.50			<0.50			70.0			<0.50						DF100, Sample not listed on COC


			D31-Top Deck			9/11/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			D32-Top Deck			9/11/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			D33-Top Deck			9/11/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			D35-Mech #3 Gear			9/11/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			D36-Mech #3 Hydro			9/11/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Drum 39 - Top Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Drum 40 - Top Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Drum 41 - Top Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Drum 42 - Top Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Drum 43 - Top Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Forward Hatch - Port			9/24/08			<0.50			<0.50			<0.50			<0.50			4.63			<0.50						DF100


			Drum 45 - Top Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Drum 32 - Top Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Drum 34 - Top Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Drum 31 - Top Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			28.3			<0.50						DF100


			Drum 38 - 3rd Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Drum 37 - 3rd Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Drum 33 - 3rd Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Drum 35 - 3rd Deck			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Waste Oil Tank - H9 Port			9/24/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Bow-Red Paint			10/6/08			nd			nd			nd			nd			41.2			nd


			Bow-Green Paint			10/6/08			nd			nd			nd			nd			57.8			nd


			Stern Refig Oil			10/6/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			Bow-Front Comp Paint			10/6/08			nd			nd			nd			nd			38.6			nd


			Stern Comp Floor			10/6/08			nd			nd			nd			nd			14.4			nd


			3rd Deck Midship			10/6/08			nd			nd			nd			nd			420			nd


			Activated Carbon			10/31/08			<0.50			<0.50			<0.50			<0.50			<0.50			<0.50						DF100


			White Paint by Rib 56			10/31/08			nd			nd			nd			nd			nd			nd


			Green Paint by Rib 56			10/31/08			nd			nd			nd			nd			nd			10.5


			Starboard Bow Door			10/31/08			nd			nd			nd			nd			nd			nd


			Red Paint by Rib 51			10/31/08			nd			nd			nd			nd			nd			nd


			2nd Engine Room - Starboard Oil Storage			11/18/08			<1.0			<1.0			<1.0			<1.0			<1.0			<1.0						DF20








			Method Reporting Limits						0.05			0.05			0.05			0.05			0.05			0.05						 


			WA-DOE-Laboratory Certification No.: C2013


			"nd" indicates the analyte was not detected at or above the listed Method Reporting Limit.


			"n/a" indicates not applicable


			All results based on "as received" weight.





			Comments and Explanations: A "J" flag indicates an estimated value.













From: Robert C Anderson
To: Richard Franklin
Subject: Re: Draft No Effects Memo, LST-1166
Date: 07/05/2011 01:21 PM


Hi Richard -- I got wrapped up in a couple of fire drills last week. I'll give you a call
TH to discuss if your available. 


robert


Franklin.Richard@epamail.epa.gov wrote the following on 6/27/2011 11:07 AM:


Het Robert,


Thanks so much for being wiling to take a quick look at this 
technical
memorandum.  Again, if you feel that something is amiss or we're
off-track, give us a hollar.


(See attached file: No effects tech memo Rev 3.docx)


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178



mailto:robert.c.anderson@noaa.gov

mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US@EPA

mailto:Franklin.Richard@epamail.epa.gov






From: Richard Franklin
To: Fuller, Steve
Cc: Shiroma, Estelle
Subject: RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/16/2011 12:03 PM


See previousl email..........Or does "Blk" in the spreadsheet mean black and not bulkhead?


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ "Fuller, Steve" ---06/16/2011 11:47:41 AM---Richard, Confirming " Robert K Johnston"
is the same as "Bob Johnston", if so we


From:    "Fuller, Steve" <SFuller@TechLawInc.com>
To:    Richard Franklin/R10/USEPA/US@EPA
Cc:    "Shiroma, Estelle" <EShiroma@TechLawInc.com>
Date:    06/16/2011 11:47 AM
Subject:    RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and  other Contaminants


Richard,


Confirming " Robert K Johnston" is the same as "Bob Johnston", if so
we
will coordinate.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 16, 2011 11:28 AM
To: Fuller, Steve
Subject: Re: FW: Assistance on SPAWAR reports re Deep Ocean Effects
from
PCBs and other Contaminants


Steve,


I had a long, interesting productive call with Bob Johnston at
SPAWAR.
He's a PhD research and Marine Biologist who's been working on
similar
projects for the NAVY for many years, but more importantly for us was
directly involved in the ORISKANY and EX-AEGERHOLM.  He's going to
gather up appropriate papers on deep water studies and send a cd to
you
and me.


In the meantime, I asked him if he could talk to Estelle and you
today
on a conference call, and discuss what he knows about these projects
and
PCBs.  Can we set you and Estelle up for a call with him today?  He's
willing to spend a small amount of time visiting with you guys.  We
won't have the data on the deep water stuff by then, but I'm hoping
he
might be able to give Estelle and you enough qualitative info to get
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us
a better foundation and perhaps re-write for the Risk Evaluation.


By the way, the previous email you sent was VERY interesting.  Good
to
know.  Wish we'd known this before.  I'll try to write this in the
EECA
today.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:         "Fuller, Steve" <SFuller@TechLawInc.com>
To:         Richard Franklin/R10/USEPA/US@EPA
Date:         06/16/2011 11:03 AM
Subject:         FW: Assistance on SPAWAR reports re Deep Ocean
Effects
from
            PCBs and  other Contaminants


Richard,


I'm on a call until 10:30.  Estelle says these are no help, she has
seen
most of these already.  She really needs the deep water SINKEY stuff.


Best,
Steve


-----Original Message-----
From: Robert K Johnston [mailto:johnston@spawar.navy.mil]
Sent: Thursday, June 16, 2011 10:50 AM
To: Franklin.Richard@epamail.epa.gov
Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; Chadwick, Bart B
CIV
SPAWARSYSCEN-PACIFIC, 71750; Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC,
71752; George, Robert D CIV SPAWARSYSCEN-PACIFIC, 71752; Fuller, Steve
Subject: Re: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Hi Richard,


I was good talking with you. We are working on getting a CD with all
the
SINKEX studies for you. All the Oriskany reports are available at
http://environ.spawar.navy.mil/Projects/REEFEX/index.html


You may also be interested in these references as well:
EPA Guidance for artificial reefs
http://water.epa.gov/type/oceb/artificialreefs_index.cfm


SEA 21 Navy Inactive Ships Program
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/de


fault.aspx


http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/or


iskanyfaqs.aspx


Ships to Reefs Program
http://www.ships2reefs.com/displaycommon.cfm?an=1&subarticlenbr=17


South Carolina Artificial Reef Program
http://saltwaterfishing.sc.gov/artificialreef.html


Florida Artificial Reef Program
http://myfwc.com/conservation/saltwater/artificial-reefs/







Escambia County (FL) Artificial Reefs
http://www.myescambia.com/Bureaus/CommunityServices/ArtificialReefs.html


Currents Article on Sinking Oriskany
http://www.enviro-
navair.navy.mil/currents/summer2006/Sum06_Ships_To_Ree
f_Program.pdf


Artificial Reef Society of BC
http://www.artificialreef.bc.ca/


and the ultimate source....
Wikipedia
http://en.wikipedia.org/wiki/Artificial_reef


I hope that helps.


-bob
--
~~~o~~~<><~~~~o~~~><>~~~o~<><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW Space and Naval Warfare
Systems
Center Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279
johnston@spawar.navy.mil


> ________________________________
>
> From: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Sent: Tue 6/14/2011 3:52 PM
> To: Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752
> Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; George, Robert D
CIV


> SPAWARSYSCEN-PACIFIC, 71752
> Subject: FW: Assistance on SPAWAR reports re Deep Ocean Effects
from 
> PCBs and other Contaminants
>
> Roy/Rob/Bill,
>
> Can you please provide a response to the request below.
>
> Thanks,
>
> Bart
>
> -----Original Message-----
> From: Franklin.Richard@epamail.epa.gov 
> [mailto:Franklin.Richard@epamail.epa.gov]
> Sent: Tuesday, June 14, 2011 1:57 PM
> To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Cc: SFuller@TechLawInc.com
> Subject: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs 
> and other Contaminants
>
> HI Bart,
>
> Thanks for visiting with me this afternoon about Mr. (Dr?)
Gauthier's
reports on the release of PCBs and other contaminants in the deep
ocean
from sunken vessels.  As I mentioned in our call, we are working to
assist the U.S. Coast Guard, Sector Columbia River, with conducting an
Engineering Evaluation and Cost Analysis (EE/CA) of disposal options
for
an ex-Navy ship that has been abandoned on the lower Columbia River.
>
> The vessel is an attractive nuisance, but more specifically is
contaminated with PCBs in interior paint and PCB-laced asbestos
cabling







insulation.  The USCG would like to scuttle the vessel in 1000
fathoms
of water, 65 miles offshore the coast Oregon.
>
> In conducting the EE/CA, we've been having a hard time finding
appropriate, helpful studies or data on what might happen to PCBs in
the
deep ocean environment.  However, we did find references to Mr.
>
> Gauthier's work in SPAWAR's January 2006 Final Report on the 
> Ecological Risk Assessment on the EX- ORISKANY, specifically;
>
> Gauthier et al. 2006. Risk Assessment of the Potential Release of
PCBs
and Other Contaminants from Sunken Navy Ships in the Deep Ocean: ex-
USS
AGERHOLM Case Study.
>
> Final
> report prepared for SINKEX Technical Working Group, by Space and
Naval
Warfare Systems Center, San Diego, CA. (in prep).
>
>  Another reference that looks to be helpful in this report is:
>
> Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha
Stallard, and D. H. Rushworth 1994. Ecological Analysis of Deep Sea
Sinking of Navy Ships Containing Polychlorinated Biphenyls (PCB)
Impregnated Materials, White Paper. Naval Command, Control, and Ocean
Surveillance Center Research Development Test and Evaluation Division
(NRaD), Environmental Sciences Division, Code 52, 4 March 1994, San
Diego, CA.
>
> We've not been able to locate the these studies, so I'd like to
request a copy from your agency if possible.  Any help you can
provide
will be appreciated.  We'd love to get our hands on a copy soon
(would
be great to have it such electronic copy, but of course hard copy is
great, too).
>
> At this point, ANY help is highly appreciated.  Any other
references
that you may deem to be helpful would be appreciated.  Also, I've
cc'd
our EPA contractor who is assisting with our risk assessment and also
putting our report together.
>
> Thanks again for your help,
>
> Richard Franklin
> Federal On-Scene Coordinator
> U.S. EPA Region 10
> Oregon Operations Office
> 805 SW Broadway, Suite 500
> Portland, OR  97205
>
> Office:  (503) 326-2917
> Cell:     (503) 475-4178








From: Richard Franklin
To: Mary Queitzsch; Jonathan Freedman; Earl Liverman
Subject: Fw: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/17/2011 01:19 PM
Attachments: SINKEX_Suppl_I_sablefish_wApdx.pdf


Please see attached.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/17/2011 01:18 PM -----


From:    "Robert K. Johnston" <johnston@spawar.navy.mil>
To:    Richard Franklin/R10/USEPA/US@EPA
Cc:    "Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751" <bill.wild@navy.mil>, "Chadwick,
Bart B CIV SPAWARSYSCEN-PACIFIC, 71750" <bart.chadwick@navy.mil>, "Fransham, Roy L
CIV SPAWARSYSCEN-PACIFIC, 71752" <roy.fransham@navy.mil>, "George, Robert D CIV
SPAWARSYSCEN-PACIFIC, 71752" <robert.george@navy.mil>, SFuller@TechLawInc.com,
gauth@nosc.mil, "Shiroma, Estelle" <EShiroma@TechLawInc.com>
Date:    06/17/2011 11:43 AM
Subject:    Re: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other
Contaminants


Hi Richard,


See attached for the SINKEX Suplemental Sablefish report. Let me know if
you got both files ok.


-bob


"Robert K. Johnston" wrote:
> 
> Hi Richard
> 
> See attached for SINKEX final report. It should be small enough to go
> through the email server. Let me know if you receive this ok.
> 
> -bob
> 
> > > -----Original Message-----
> > > From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov]
> > > Sent: Tuesday, June 14, 2011 1:57 PM
> > > To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> > > Cc: SFuller@TechLawInc.com
> > > Subject: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs
and other Contaminants
> > >
> > > HI Bart,
> > >
> > > Thanks for visiting with me this afternoon about Mr. (Dr?) Gauthier's
reports on the release of PCBs and other contaminants in the deep ocean from
sunken vessels.  As I mentioned in our call, we are working to assist the
U.S. Coast Guard, Sector Columbia River, with conducting an Engineering
Evaluation and Cost Analysis (EE/CA) of disposal options for an ex-Navy ship
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Abstract 
 
The potential ecological risk of PCBs released from ex-AGERHOLM (DD-826), a former U.S. 
Navy warship sunk in 850 m of water about 120 nm off the coast of San Diego, CA, during a 
weapons testing sinking exercise (SINKEX) in 1982, was assessed using tissue residue data 
obtained from sablefish (Anoplopoma fimbria) collected from the ship and reference locations. 
The risk determination was based on evidence of potential ecological harm, evidence of 
exceeding reference levels, and the degree to which data were available to support the 
assessment. Chemical analysis of total PCBs (sum of ten homologs) and congeners (26 
individual congeners) of sablefish muscle and liver tissues collected during deep sea sampling 
cruises in 1998 and 1999 showed that sablefish sampled from the ex-AGERHOLM (ship) site 
had statistically higher concentrations (by a factor of 1.4-1.5) of PCBs than sablefish sampled 
from reference locations about 4 nm away from the ship. The distribution of congeners and 
homologs measured in the sablefish from both sites were very similar. Tissue residue 
benchmarks were developed to evaluate potential effects from exposure to Total PCBs as well as 
exposure to dioxin-like coplanar PCB congeners (TEQ). Based on the incremental probability of 
exceeding Total PCB tissue residue benchmarks there was low risk of potentially harmful 
exposure to the deep-sea pelagic community, negligible risk to sablefish from critical body 
residues, and negligible risk of harmful exposure to sharks from the consumption of prey. The 
broader implications of potential ecotoxicolgical risk from PCBs were evaluated by comparing 
the PCB exposure distributions to species sensitivity distributions (SSD) of effects from Total 
PCB critical body residues and TEQ effects to fish eggs and larvae. Based on the incremental 
increase in the probability of an effect given the probability of exposure, there was low risk of 
effects from Total PCB critical body residues and TEQ effects to fish eggs and larvae that could 
be attributed to the ex-AGERHOLM site. 



 



 
View of bridge of the ex-AGHERHOM (image from underwater video taken by SIO) 
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1.0. Introduction 
Sablefish (Anoplopoma fimbria (Pallas, 1814), Figure 1-1), also known as black cod or butterfish 
(Fishbase 2002a, Patterson et al. 2001) are important members of the deep-sea community. They 
are found on soft ocean bottoms in deep water from the Bering Sea to Baja California (OTP 
2002), and are generally prized as a food fish because of their high oil content and exceptional 
flavor (NOAA 2002). Occupying a niche relatively high on the food chain with a trophic level of 
3.4-4.3 (Fishbase 2002b), sablefish feed on fishes, worms, and crustaceans. Sablefish are an ideal 
ecorisk receptor for assessing the accumulation of PCBs in the deep-sea food chain (Figure 1-2). 
They are easier to collect than other deep sea fishes, their high oil (lipid) content increases their 
affinity for PCBs, their longevity – up to 90-100 years in age and relatively territorial feeding 
behavior means that body burdens can be related to site exposures, and their high trophic level 
means that residue concentrations can be used to infer exposure and potential effects to other 
members of the deep sea community that can not be sampled as easily. 



 



Figure 1-1. Sablefish photographed at the deep-sea ex-AGERHOLM sunken ship site (SINKEX file photo). 



The purpose of this analysis is to assess the ecological risk of PCB exposure to the deep-sea 
demersal community using sablefish as a surrogate receptor (Figure 1-2). This analysis provides 
a supplemental line of evidence for assessing the ecological risk of PCB exposure from the ex-
AGERHOLM. The ex-AGERHOLM (DD-826) is a former U.S. Navy warship that was sunk 
during a weapons testing sinking exercise (SINKEX) conducted in July 1982. The ship went 
down in about 850 m of water about 110 nm off the coast of San Diego. The ship sits on the 
western slope of the Tanner Basin about 28 nm south of the Island of San Nicholas (Figure 1-3). 
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Figure 1-2. Conceptual model and exposure pathways for evaluating risk of exposure from sunken vessel on 
the bottom of the sea. 



Figure 1-3. Location of ex-AGERHOLM (A), fish traps set near the ex-AGERHOLM (Ship, B), and traps set 
at reference locations about 4 nm away from the ex-AGERHOLM (C, Reference), and photo of fish trap (D). 
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2.0. Data Sources 
Sablefish were collected with fish traps between September 1998 and November 1999 during 
Cruises II, IV, and V. Tissue samples were analyzed for PCBs by Arthur D. Little, Inc., 
Cambridge, MA (ADL) using gas chromatography (GC) electron capture detection (ECD, ADL 
1999a) and/or GC/mass spectroscopy (MS) using selective ion monitoring (SIM, ADL 199b) 
(Table 2-1). For each method the samples were processed in the same manner for sample 
preparation, extraction, and fractionation, only the injection and quantification procedures 
differed. For the ECD method, samples were analyzed for 26 congeners and 8 Aroclors. For the 
SIM method data on 26 (or 29) congeners, 10 homologues, and 8 Aroclors were obtained (Table 
2-2).  



Fish from ex-AGERHOLM site (Ship) were collected with fish traps deployed within 10 – 100 
m from the ship. Reference fish were collected with fish traps deployed at locations about 4 nm 
away from the ex-AGERHOLM (Figure 1-3). The traps were deployed using the Navy’s Deep 
Submergence Unit (DSU) Remotely Operated Vechile (ROV) Scorpio. Each fish trap was 
moored to the bottom with an anchor with the fish trap suspended about 1-3 m above the bottom 
with a submersible float. The fish traps were recovered within 72-120 hours (3-5 days) after 
deployment. Because only limited numbers of fish were collected during each cruise, the fish 
from all the cruises were pooled to evaluate potential ecological risks (Table 2-1). 



Table 2-1. The number of specimens collected during each cruise, the number of samples analyzed in each 
analytical batch, and the total number of pooled samples available for comparison between the ship and 
reference sites. 



 Cruise IIa  Cruise IVb & Vc   
 Ship Reference  Ship Reference   



Number of Specimens 9 2  4 18   
        
Analytical Batches        
DO 17 - ECD 7 2      
        
DO 21 - ECD 2 1      
DO 21 - SIM 2 1      
        
DO 24 - ECD 2   4 18   
DO 24 - SIM 2   4 18   
        
      Ship Reference 
Pooled Samples      13 20 
        
        
Sept. 5-18, 1998        
Sept. 20-29, 1999        
November 13-18, 1999         
 



Following Cruise II, two fish from the reference site and seven fish from the ship were analyzed 
using the ECD method and the data were reported with the sample delivery groups (SDG) for 
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Delivery Order 173 (DO 17). The ECD method was not capable of quantifying the total amount 
of PCBs present. While empirical relationships between the sum of certain congeners measured 
by ECD and Total PCB are available for coastal and estuarine bivalves and fish (NOAA 1991, 
Hyland et al. 1998) no such empirical relationships were available that were applicable to deep 
sea fish like Sablefish. Because human health and ecorisk assessments require estimates of total 
PCB to make accurate determinations of risk, analytical methods were needed to obtain data on 
total PCB concentrations present in the tissues of sablefish. Therefore, sablefish samples were 
analyzed using the GC/MS SIM method (ADL 1999b) to determine the amount of total PCBs 
present. In order to obtain the best data possible and assure comparability between all cruises, 
fish samples collected during Cruise IV and Cruise V were analyzed by both ECD and SIM 
methods (Table 2-2). 



Table 2-2. The analytes and methods used to analyze samples from the SINKEX cruises. 



 CRUISE II (DO17) CRUISE II REANALYSIS (DO21) CRUISE VI & V (DO24) 
Method ECD ECD ECD ECD SIM SIM ECD ECD SIM SIM SIM



Analyte sediment tissue sediment tissue sediment tissue sediment tissue sediment tissuewater
PCB008 X X X X X X X X X X X 
PCB018 X X X X X X X X X X X 
PCB028 X X X X X X X X X X X 
PCB044 X X X X X X X X X X X 
PCB049 X X X X X X X X X X X 
PCB052 X X X X X X X X X X X 
PCB066 X X X X X X X X X X X 
PCB077* X X X X X X X X X X X 
PCB087 X X X X X X X X X X X 
PCB101 X X X X X X X X X X X 
PCB105* X X X X X X X X X X X 
PCB118* X X X X X X X X X X X 
PCB126* X X X X X X X X X X X 
PCB128 X X X X X X X X X X X 
PCB138 X X X X X X X X X X X 
PCB153 X X X X X X X X X X X 
PCB156* X X X X X X X X X X X 
PCB157*             X X X 
PCB167*             X X X 
PCB169* X X X X X X X X X X X 
PCB170* X X X X X X X X X X X 
PCB180* X X X X X X X X X X X 
PCB183 X X X X X X X X X X X 
PCB184 X X X X X X X X X X X 
PCB187 X X X X X X X X X X X 
PCB189*             X X X 
PCB195 X X X X X X X X X X X 
PCB206 X X X X X X X X X X X 
PCB209 X X X X X X X X X X X 
                 
8 Aroclors X X X X X X X X X X   
                 
10 Homologues         X X     X X X 
            
* dioxin-like coplanar PCB congener (U.S. EPA 2000a)        
 



                                                 
3 Delivery Orders corresponded to analytical batches of samples that met Quality Control and Quality Assurance 
(QA/QC) requirements of the analytical chemistry contract. 
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The methods were ADL-2818.05 “Determination of Chlorinated Pesticides and PCB congeners 
by Gas Chromatography Electron Capture Detection” (ECD, ADL 1999a) and ADL-2845.00 
“Determination of PCBs by Gas Chromatography/Mass Spectrometry in Selected Ion Monitoring 
Mode” (SIM, ADL 1999b). Because the SIM method provided data for PCBs present in each 
homologue group the total amount of PCBs (Total PCB) present could be determined as: 



 
Total PCB = Σ Homologi  [1]



 
Where Homologi is the PCB concentration measured in each homologue group from mono- to 
decachlorobiphenyl. 



2.1. Precision 
The precision of both methods was evaluated by conducting a method detection limit (MDL) 
study. The MDL study consisted of 8 repeated measurements of a sample of fish tissue 
(haddock) spiked with known amounts of the individual PCB congeners. The results were 
tabulated and the arithmetic mean and standard deviation were calculated to determine the 
theoretical MDL of the analytes of interest (Table 2-3). The MDLs obtained for both methods 
were very similar (Figure 2-1). Slightly lower detection limits were obtained by the SIM method 
for congeners 8, 18, 77, 138, 170, and 209; and slightly lower detection limits were obtained by 
the ECD method for congeners 101, 105, 153, 156, 180, and 206 (Table 2-3, Figure 2-1). 
Differences in the absolute concentration of congeners measured in the fish tissue samples 
maybe due to differences in the samples and spiking levels used in the MDL studies (e.g. both 
methods were not performed on the same samples at the same times). The MDL study performed 
for DO 24 yielded slightly lower detection limits for ECD for most of the congeners (Table 2-3). 
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Table 2-3. The method detection limits determined from eight repeated measurements for the ECD and SIM 
methods for Delivery Orders (DO) 17 & 21 and DO 24. 



  Method Detection Limit ng/g dry weight 
Conger DO 17 & 21  DO 24 



Number Chlorines ECD SIM  ECD SIM
PCB008 2 0.358 0.091 0.104 0.091
PCB018 3 0.374 0.160 0.067 0.160
PCB028 3 0.192 0.178 0.146 0.178
PCB044 4 0.275 0.197 0.232 0.197
PCB049 4 0.160 0.233 0.036 0.233
PCB052 4 0.266 0.094 0.184 0.094
PCB066 4 0.212 0.240 0.057 0.240
PCB077* 4 0.446 0.168 0.149 0.168
PCB087 5 0.266 0.255 0.095 0.255
PCB101 5 0.155 0.276 0.070 0.276
PCB105* 5 0.139 0.184 0.057 0.184
PCB118* 5 0.227 0.225 0.095 0.225
PCB126* 5 0.374 0.273 0.047 0.273
PCB128 6 0.278 0.198 0.058 0.198
PCB138 6 0.375 0.114 0.125 0.114
PCB153 6 0.275 0.180 0.190 0.180
PCB156* 6 0.139 0.237 0.054 0.237
PCB157* 6     0.188
PCB167* 6     0.188
PCB169* 6 0.223 0.259 0.057 0.259
PCB170* 7 0.199 0.063 0.068 0.063
PCB180* 7 0.155 0.344 0.129 0.344
PCB183 7 0.212 0.168 0.042 0.168
PCB184 7 0.155 0.142 0.043 0.142
PCB187 7 0.227 0.220 0.099 0.220
PCB189* 7     0.188
PCB195 8 0.223 0.163 0.064 0.163
PCB206 9 0.118 0.392 0.754 0.392
PCB209 10 0.407 0.312 0.086 0.312
HOMOLOGUES      
Mono 1     0.188
Di 2     0.188
Tri 3     0.188
Tetra 4     0.188
Penta 5     0.188
Hexa 6     0.188
Hepta 7     0.188
Octa 8     0.188
Nona 9     0.188
Deca 10     0.312
       
* dioxin-like coplanar PCB congener (U.S. EPA 2000a)    
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Figure 2-1. Results of method detection limit study for repeated analysis of fish tissue spiked with PCB 
congeners and analyzed by SIM and ECD methods. The MDL study shown was performed for DO 17 & 21. 



2.2. Accuracy 
The accuracy of the two methods was evaluated by comparing the results obtained from the 
analysis of the Standard Reference Material (SRM) 1974a Mussel Tissue. Obtained from the 
National Institute of Standard and Technology (NIST 1999), the mussel tissue SRM comes with 
certified values for most of the congeners analyzed. Samples of the SRMs were included in each 
of the analytical batches and were processed in the same manner as the field samples.  



Three SRM samples were analyzed by ECD (DO17, DO21, and DO24) and two SRM samples 
were analyzed by SIM (DO21 and DO24) (Figure 2-2). The upper and lower bounds of the 
certified value (error bars on Figure 2-2) indicates the “true value” of the SRM sample. 
Analytical results from each batch of samples were considered acceptable if no more than two 
analytes exceeded 35% of the certified value of the SRM. 
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Figure 2-2. Results obtained for standard reference material (SRM) analyzed by ECD and SIM for PCB 
congeners. 
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Overall, the two methods obtained very similar results (Figure 2-2). The ECD method tended to 
over predict the certified value of PCB118 and PCB187 and the SIM method tended to over 
estimate the certified valued of PCB028, PCB118, and PCB153. For most of the congeners there 
appeared to be a greater differences in the results of repeated measures of the SRM by the same 
method than from the two methods (i.e. greater variance between samples than between the 
methods). Other than the anomalously high result for PCB077 in one sample from DO24-ECD, 
there did not appear to be any bias in either of the methods and they accurately measured the 
levels of PCB present in the SRM mussel tissue samples. 
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3.0. Exposure Assessment 
3.1. Fish Tissue PCB Results 
Appendix A contains the raw data from PCB analysis of samples of sablefish muscle (Appendix 
A1) and liver (Appendix A2) tissue samples analyzed by ECD and SIM methods. Each sample 
was prepared, homogenized, extracted, and fractionated by the same procedures; and the 
fractionated extracts were split prior to analysis by SIM and ECD. A subset of 28 samples 
analyzed by both methods was used to compare method performance and regression analysis. 
Note that sample 5SX013.68 was not included in the analysis because no homologues were 
reported for the sample. 



The highest percentage of the congeners (Figure 3-1A) measured by ECD were PCB153 – 20%, 
PCB138 – 17%, PCB118 – 10%, PCB180 – 10%, PCB101 – 8%, and PCB187 – 7%. The 
highest percentage of the congeners measured by SIM were PCB153 – 25%, PCB138 – 17%, 
PCB118 – 11%, PCB180 – 10%, PCB101 – 7%, and PCB187 – 7%. For the SIM method, the 
congeners measured accounted for 42% of the total PCB with the top six congeners listed above 
accounting for 33% of the total PCB present in the sample (Figure 3-1B). The homologue results 
obtained from the SIM method showed that on average (n = 18 samples from DO 24) hexa-
chlorobiphenyls accounted for 45% of the total PCBs present followed by pentachlorobiphenyls 
(24%) and heptachlorobiphenyls (20%) (Figure 3-2). 



The results for the individual congeners analyzed by both methods showed only minor 
departures from the 1:1 ratio between methods (Figure 3-3), which increased for tissue samples 
with higher concentrations of PCB. For congener 153, the most abundant congener measured, the 
SIM method resulted in higher concentrations than the ECD when PCB concentrations exceeded 
100 ppb (Figure 3-3A). At concentrations greater than 100 ppb, congener 138 was about half the 
time higher when analyzed by SIM (Figure 3-3A). Similar results were obtained from both 
methods for congeners 118, 180, and 101 (Figure 3-3B). Other than a slight trend of higher 
concentrations for congener 153 by SIM in samples with high PCBs, there appeared to be no 
obvious bias in the methods. Note that highest concentrations of congeners 153 and 138 in 
sablefish samples were similar to the concentrations measured in the SRM. 
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Figure 3-1. The percentage of the sum of the measured congeners for the most abundant congeners in 
Sablefish tissues (A) and the percentage of total PCB for the most abundant congeners measured by SIM (B). 
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Figure 3-2. The average fraction of total PCB for each homologue group measured in Sablefish. 
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Figure 3-3. The results for the individual congeners measured by ECD (x-axis) and SIM (y-axis) and the line 
showing a 1:1 ratio between the methods. 
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3.2. Predicting Total PCB 
There was a very significant regression (p < 0.0001) between the sum of congeners measured by 
ECD (sumECD) and Total PCB (Figure 3-4, Table 3-1A): 



 
log(Total PCB) = 0.974(log(sumECD)) + 0.41 r2 = 0.93 [2]



 
Therefore, Equation [2] was used to estimate the concentration of Total PCB in samples that 
were only measured by ECD. Based on the slope of the regression line, the sample size, and the 
variance in the fitted regression line, the 95% prediction interval was calculated (Figure 3-4, 
Table 3-1B). There is a 95% chance that the true value will fall within the prediction interval, 
which is normally distributed about the predicted value (most likely value). The unusualness 
(leverage) statistic was < 1.0 because the predicted values were well within the range of data 
used in the regression (Figure 3-4, Table 3-1B). 



Figure 3-4. Regression line, 95% confidence interval, and 95% prediction interval between the log-
transformed sum of measured congeners by ECD (sumECD) and Total PCB determined by SIM. Known 
samples (blue points) and the predicted Total PCB concentration (yellow points) estimated for the samples 
without homolog (Total PCB) data. 
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Table 3-1. Results of regression of log(sumECD) versus log(Total PCB) (A) and the predicted values for missing data (B). 



A. Results of unweighted least squares regression between log(sumECD) and log(Total PCB) 
VARIABLES COEFFICIENT  STD ERROR STUDENT'S T P        
Constant 0.40729  0.1409 2.89 0.0088        
log(sumECD) 0.97398  0.0580 16.79 0.0000        
             
R-SQUARED 0.9307   RESID. MEAN SQ 0.00484        
ADJUSTED R-SQUARED 0.9274   STANDARD DEV 0.06956        
             
             
SOURCE DF  SS MS F P       
REGRESSION 1  1.36473 1.36473 282.04 0.0000       
RESIDUAL 21  0.10161 0.00484         
TOTAL 22  1.46635          
CASES INCLUDED 23  MISSING CASES 10          



             
B. Predicted values, bounds of the prediction, and leverage statistic from regression. 



    log(Total PCB ng/g dry)    Total PCB ng/g (dry) 
   measured Lower Predicted Upper  Leverage   Lower Predicted Upper  



Sampleid Group case log(sumECD) 5th% Value 95th% Statistic  sumECD 5th% Value 95th% 
5SX013.605 Reference 7 2.153 2.353 2.504 2.656 0.0919  142.3 225.5 319.4 452.4 
2SX0071 Reference 16 2.618 2.807 2.957 3.106 0.0714  414.5 641.1 905.1 1277.6 
2SX0070.600 Reference 17 2.825 3.003 3.158 3.314 0.1589  667.6 1006.0 1439.8 2060.6 
2SX0067.600 Ship 30 2.583 2.774 2.923 3.072 0.0653  382.4 593.6 836.7 1179.5 
2SX0074.600 Ship 32 2.476 2.671 2.819 2.967 0.0459  299.0 468.5 658.5 925.8 
2SX0066.600 Ship 34 2.869 3.045 3.202 3.360 0.1857  740.3 1107.9 1592.3 2288.2 
2SX0077.600 Ship 35 2.402 2.599 2.747 2.895 0.0436  252.3 397.2 558.2 784.3 
2SX0079.600 Ship 38 2.474 2.669 2.817 2.965 0.0548  298.1 467.1 656.6 923.2 
2SX0078.600 Ship 39 2.618 2.807 2.957 3.107 0.0715  414.9 641.7 905.9 1278.8 
2SX0076.600 Ship 29 2.667 2.854 3.005 3.156 0.0869  464.6 714.8 1011.6 1431.5 
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3.3. PCB Congener Distributions 
The distributions of individual congeners measured in sablefish from the ex-AGERHOLM 
(Ship) and Reference locations were evaluated to determine if there were important differences 
in the pattern of congeners measured in samples from the two sites. The distribution of congeners 
present in a sample can be useful for fingerprinting sources of contamination and differentiating 
between background and unique sources of contamination. For example, the relative differences 
in the distributions of congeners in sediment has been used as a forensic tool to identify past and 
present sources of contamination, elucidate weathering and transformation of PCBs under 
environmental conditions, and ascertain levels of background and non site related sources of 
PCBs (Durell et al. 2005). 



Data for individual congeners (Appendix A. Raw Data for Sablefish Muscle Tissue) analyzed by 
SIM were used for this analysis. Non-detected values were set equal to ½ of sample-specific 
detection limit reported for each analyte. The mean, standard deviation, minimum, and maximum 
were calculated for each congener measured by ECD and SIM and homolog for sablefish muscle 
and liver tissue samples from the ship and reference sites. The mean and standard deviation of 
homologs and congeners were plotted for each group to qualitatively compare the distributions 
of homologs and congeners in the ship and reference fish populations. 



3.4. Estimating Whole Body Tissue Concentrations for Sablefish 
Sablefish samples were collected by separating muscle (fillet with skin) and livers from each 
specimen. The samples were kept frozen until shortly before analysis when they were thawed, 
the skin was removed from the muscle tissue, and muscle and liver samples were thoroughly 
homogenized before extraction and analysis. Whole body tissue concentrations for sablefish 
were estimated by assuming that the PCB concentrations were proportional to lipid 
concentration. For fish specimens with results for both muscle and liver tissue, the whole body 
lipid-based concentration was estimated as the average between the lipid-based PCB 
concentrations measured in the muscle and liver tissue: 



B_PCBL = (M_PCBL + V_PCBL)/2  [3]
Where     



B_PCBL = whole body PCB concentration on lipid weight basis  
M_PCBL = muscle tissue PCB concentration on lipid weight basis 
V_PCBL = liver tissue PCB concentration on lipid weight basis 



 
For specimens that only had results for muscle tissues, the whole body concentration was 
assumed to be equal to the lipid-based concentration measured in the muscle sample. This 
analysis assumes that the lipid-normalized conversion factor between muscle/liver and whole 
body is equal to one. The lipid-normalized PCB conversion factors for fillet to whole body 
obtained for black sea bass (0.74), white grunt (0.94), and vermilion snapper (0.84) reported in 
Johnston et al. (2005a) suggests that the assumption of unity is slightly conservative. These 
values are also similar to the lipid-normalized PCB fillet:whole body reported by Amrhein et al. 
(1999) for coho salmon (0.98) and rainbow trout (0.85). Some of the differences between the 
fillet to whole body ratios reported by Amrhein et al. (1999) may be due to the fact that Amrhein 
et al (1999) did not take into account the contribution of lipids and PCBs from liver tissue in 
their analysis (J.F. Amrhein, WI Dept. of Natural Resouces, personal communication). 
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3.5. Statistical Analysis of Sablefish Data 
The sablefish tissue data were evaluated to determine statistical differences between the fish 
collected from the ship and reference locations. The data were tested to determine whether they 
conformed to a normal distribution. A one-way analysis of variance (ANOVA, Analytical 
Software 1996) and a nonparametric Kruskal-Wallis C2 test was conducted to test the null 
hypothesis that there was no difference between sites for total length (mm), total weight (g), dry 
weight (%), dry weight of lipids (%), sum of ECD congeners (ng/g dry), sum of ECD congeners 
per unit lipid (ng/g lipid), Total PCB (ng/g dry), Total PCB per unit lipid (ng/g lipid), Log(sum 
of ECD congeners (ng/g dry)), Log(sum of ECD congeners per unit lipid (ng/g lipid)), Log(Total 
PCB ng/g), and Log(Total PCB ng/g lipid) for both muscle and liver tissues (Table 3-2). The null 
hypothesis was rejected if the p value from either the ANOVA or nonparametric test was £0.05. 
The geometric mean (Geomean) and 5th (Geo5th) and 95th (Geo95th) percentile of the data for 
Total PCB on a dry weight and lipid weight basis were also calculated as: 



Geomean = 10µ  [4]
Geo5th = 10(µ - 1.65�  [5]



Geo95th = 10(µ + 1.65�   [6]
Where µ and � are the mean and standard deviation of the logarithm-transformed (base10) raw 
data.  



 
Correlation and regression analysis of the sablefish data were conducted to evaluate the 
relationships between body weight, length, %lipid content, and Total PCB concentrations. 



3.6. Results 
The sablefish from the ship site were similar in length (ship sablefish range 450-530 mm) with 
the largest fish being caught from the reference locations (reference sablefish range 455-635 mm, 
Table 3-2A, Figure 3-5). However, sablefish from the reference locations were significantly 
heavier by about 20% than sablefish from the ship site (Table 3-2A, Figure 3-6). There was a 
strong relationship between length and weight for both groups of sablefish (Figure 3-7) but there 
was no relationship between weight (Figure 3-8) or length (Figure 3-9) and Total PCB ng/g lipid 
in muscle and liver tissues. Sablefish from both sites had similar dry weight and lipid content 
(Figure 3-10). The lipid content in liver tissues was about twice as high as the lipid content in the 
muscle tissue. 



There were significantly higher PCBs in the muscle tissues of the sablefish from the ship site 
than from the reference site (Table 3-2B). The sumECD congeners ng/g dry weight measured in 
sablefish were about 1.7 times higher (p = 0.04) than the sablefish from the reference locations 
(Figure 3-11). When the sumECD was normalized to lipid content (ng/g lipid), stronger 
differences between sites were detected (p = 0.01) but the magnitude of the difference remained 
about the same with the ship sablefish about 1.6 times higher than the reference sablefish (Figure 
3-12). 



Very few samples of crabs were available for analysis and these consisted of two species, lumpy 
crab (or scarlet king crab, Lithodes couesi) and stone crab (Paralomis multispina); neither 
species were collected from both sites or during the same cruises. The sumECB ng/g lipid 
measured in the crab samples ranged from 220-446 ng/g lipid at the reference locations and 450-
1000 ng/g lipid at the ship site (Figure 3-13). These concentrations fell within the range of 
sumECD ng/g lipid measured in the sablefish samples (Table 3-2). 
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The Total PCB ng/g lipid measured and calculated for sablefish muscle tissues from the ship site 
were also significantly higher than the reference locations by about a factor of 1.48 (Figure 
3-14). There were very similar concentrations of Total PCB ng/g lipid in the muscle and liver 
tissues measured from the same fish. The very small sample size of liver tissues from the ship 
site (n = 4) limited the ability to detect differences in liver PCB concentrations between the sites. 
Overall lager fish were collected from the reference locations than from the ship site, but the ship 
site had specimens with higher PCB concentrations than samples from the reference location 
(Figure 3-15). The geometric mean and 95% confidence interval calculated for sablefish muscle 
and liver showed that the sablefish from the ship site had significantly higher PCB levels in 
muscle tissues than the sablefish from the reference locations (Figure 3-16). 



Both the ECD and SIM detected very similar distributions of congeners in the muscle (Figure 
3-17) and liver (Figure 3-18) samples analyzed by both methods. A similar pattern of congener 
distribution was also observed between the reference stations and ship site (Figure 3-17, Figure 
3-18). Of the congeners measured, PCB153 and PCB138 were the most abundant followed by 
PCB118, PCB180, PCB187, PCB101, PCB105, and PCB170. The major difference in the 
congener distributions was that the congeners in the sablefish collected from the ship site were 
higher than the congeners in sablefish from the reference locations. A similar pattern was also 
observed for the homologs (Figure 3-19). Hexacholorbiphenyl was the most abundant homolog 
followed by penta- and heptachlorobiphenyl. In comparison to the homolog distribution observed 
in reef fish sampled during the REEFEX study (Johnston et al. 2005a) sablefish had slightly 
more higher chlorinated hexa- and heptachlorobipehnyl and less penta- and tetrachlorobiphenyl 
than the fish sampled at the shallow water ex-VERMILLION and reference reefs off the coast of 
South Carolina (Figure 3-2, Johnston et al. 2005a). 
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Table 3-2. The mean, standard deviation (SD), min, and max of data measured in samples from the reference and ship locations and the results of parametric (Para.) 
and nonparameteric (NonPara.) statistical analyses. 



 



A. Sablefish Muscle Tissues
Para. NonPara.



Variable n Mean SD Min Max n Mean SD Min Max pa pa



Length (mm) 20 * 507.6 42.5 455.0 635.0 13 * 483.8 23.8 450.0 530.0 0.0760 0.0932
Weight (g) 20 * 1563.8 335.2 1090.0 2410.0 13 * 1299.5 210.6 975.0 1640.0 0.0167 0.0174
Dry Weight (%) 20 * 32.4 3.4 26.2 39.0 13 * 31.0 2.6 27.6 36.8 0.2270 0.1906
Lipid:Dry Weight  (%) 20 * 57.4 5.4 49.2 73.4 13 * 54.3 7.6 43.1 69.6 0.1850 0.1728



Sum of ECD congners ng/g dry 20 277.4 160.9 118.3 686.4 13 * 450.4 302.2 139.6 1279.3 0.0398 0.0391
Sum of ECD congeners ng/g lipid 20 482.1 275.4 203.9 1319.9 13 * 799.1 423.9 293.9 1838.1 0.0138 0.0110
Total PCB ng/g dry 20 * 642.0 400.5 211.4 1754.3 13 * 926.8 532.6 286.5 2230.3 0.0896 0.0590
Total PCB ng/g lipid 20 * 1123.9 724.9 364.6 3373.7 13 * 1666.4 791.1 603.2 3204.5 0.0513 0.0203
Log(Sum of ECD) ng/g dry 20 * 2.388 0.216 2.073 2.837 13 * 2.579 0.260 2.145 3.107 0.0286 0.0391
Log(Sum of ECD) ng/g lipid 20 * 2.631 0.209 2.309 3.121 13 * 2.848 0.229 2.468 3.264 0.0085 0.0110
Log(Total PCB ng/g dry) 20 2.743 0.235 2.325 3.244 13 * 2.904 0.248 2.457 3.348 0.0923 0.0590
Log(Total PCB ng/g lipid) 20 2.986 0.232 2.562 3.528 13 * 3.173 0.223 2.780 3.506 0.0290 0.0203



Geomean Geo5th Geo95th Geomean Geo5th Geo95th
  Total PCB ng/g dry 553.2 227.0 1348.4 800.8 312.1 2054.5
  Total PCB ng/lipid dry 968.3 400.9 2338.6 1487.6 637.4 3472.3
B. Sablefish Liver Tissues
Dry Weight (%) 16 * 45.9 5.1 34.6 56.1 4 47.5 4.2 41.3 50.4 na 0.5708
Lipid:Dry Weight  (%) 16 * 78.8 9.2 56.0 95.6 4 73.7 11.5 58.3 82.9 na 0.4784



Sum of ECD congners ng/g dry 16 * 447.2 235.9 150.4 1121.6 4 548.0 383.6 212.5 1086.7 na 0.7768
Sum of ECD congeners ng/g lipid 16 * 565.6 285.8 231.1 1367.8 4 718.0 441.0 364.6 1326.9 na 0.7768
Total PCB ng/g dry 16 * 829.6 490.6 380.8 2328.2 4 1161.7 716.6 533.7 2095.5 na 0.3951
Total PCB ng/g lipid 16 * 1050.9 598.4 511.4 2839.3 4 1541.7 832.1 810.3 2558.6 na 0.1564
Log(Sum of ECD) ng/g dry 16 * 2.604 0.203 2.177 3.050 4 2.661   0.300       2.327       3.036       na 0.7768
Log(Sum of ECD) ng/g lipid 16 * 2.711 0.190 2.364 3.136 4 2.798   0.256       2.562       3.123       na 0.7768
Log(Total PCB ng/g dry) 16 * 2.869 0.199 2.581 3.367 4 3.001   0.273       2.727       3.321       na 0.3951
Log(Total PCB ng/g lipid) 16 * 2.976 0.190 2.709 3.453 4 3.138   0.242       2.909       3.408       na 0.1564



Geomean Geo5th Geo95th Geomean Geo5th Geo95th
  Total PCB ng/g dry 739.8 347.3 1575.6 1002.8 355.0 2832.3
  Total PCB ng/lipid dry 945.8 459.7 1946.0 1374.7 548.8 3443.5
C. Sablefish Whole Body (estimated)
Total PCB ng/g lipid 20 1109.6 650.0 438.0 3106.5 13 * 1694.4 757.1 729.2 3204.5 0.0243 0.0184
Log(Total PCB ng/g lipid) 20 * 2.992 0.207 2.641 3.492 13 * 3.187 0.202 2.863 3.506 0.012 0.0184



Geomean Geo5th Geo95th Geomean Geo5th Geo95th
  Total PCB ng/g lipid 982.6 447.2 2159.1 1539.4 714.7 3315.7



Para. = Parameteric ANOVA test NonPara. = Nonparameteric Kruskal-Wallis Χ2 test
* Indicates variable was was normally distributed in the sample population. na = not applicable
a p value<= 0.05 indicates a statistically significant difference between Reference and Ship



Reference Ship
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Figure 3-5. Sablefish length (mm) measured for individual fish (A) and the average and standard deviation 
(B) obtained for fish collected from the Reference and Ship locations. The difference between stations was not 
statically significant (p≥0.05). 
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Figure 3-6. Sablefish weight (cm) measured for individual fish (A) and the average and standard deviation 
(B) obtained for fish collected from the reference (Ref) and ship locations. Fish from the reference sites were 
statistically heavier than fish from the ship (p≤0.05). 
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Figure 3-7. Length-weight relationship for sable fish from reference and ship locations. 



 



Figure 3-8. Percent dry weight and lipid weight in sablefish muscle (A) and liver (B) samples for the reference 
and ship locations. The differences between stations were not statically significant (p≥0.05). 
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Figure 3-9. The concentration of total PCB per unit lipid in sablefish muscle tissue for individual fish (A) and 
the average and standard deviation of Total PCB per unit lipid (B) obtained for fish collected from the 
reference and ship locations. The total PCB/lipid measured in fish from the ship location was significantly 
(p≤0.05) higher than fish from the reference location. The muscle-based TSV benchmark concentration is 
also shown for total PCB and total PCB/Lipid. 
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Figure 3-10. Scatter plot of Total PCB/Lipid measured in sable fish muscle (A) and liver (B) versus fish 
weight. 
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Figure 3-11. The concentration of PCB determined as the sum of 26 congeners measured by ECD (sumECD) 
in sablefish muscle for individual fish (A) and the average and standard deviation (B) obtained for fish 
collected from the reference and Ship locations. The sumECD measured in fish from the ship location was 
significantly (p≤0.05) higher than fish from the reference location. 
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Figure 3-12. The concentration of sumECD per unit lipid in sable fish for individual fish (A) and the average 
and standard deviation (B) obtained for fish collected from the Reference and Ship locations. The sumECD 
per unit lipid measured in fish from the ship location was significantly (p≤0.05) higher than fish from the 
reference location. 
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Figure 3-13. Concentration of sumECD measured in crab muscle and hepatopancreas tissues sampled from 
the ship and reference locations. 
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Figure 3-14. Scatter plot of Total PCB/Lipid measured in sable fish muscle (A) and liver (B) versus fish 
length. 
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Figure 3-15. Total PCB per unit lipid measured in muscle and liver tissues from sablefish sampled from 
reference (A) and ship (B) locations sorted based on fish weight. 
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Figure 3-16. The geometric mean and standard deviation of total PCB (A) and total PCB/lipid (B) in sablefish 
muscle and liver tissues obtained for fish collected from the Reference and Ship locations. Total PCB in 
muscle tissues collected from the ship were statistically higher than fish from the reference sites (p≤0.05). The 
TSV benchmark concentration is also shown for total PCB and Total PCB/Lipid. 
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Figure 3-17. The average and standard deviation of congeners measured by ECD and SIM in sablefish muscle tissues sampled from the reference (A) 
and ship locations (B). 



Sablefish Muscle Reference



0
20
40
60
80



100
120
140
160
180
200



00
8



01
8



02
8



04
4



04
9



05
2



06
6



07
7



08
7



10
1



10
5



11
8



12
6



12
8



13
8



15
3



15
6



15
7



16
7



16
9



17
0



18
0



18
3



18
4



18
7



18
9



19
5



20
6



20
9



ng
/g



 P
C



B
 d



ry
 w



ei
gh



t
ECD (n=20)
SIM (n=19)



Sablefish Muscle Ship



0
20
40
60
80



100
120
140
160
180
200



00
8



01
8



02
8



04
4



04
9



05
2



06
6



07
7



08
7



10
1



10
5



11
8



12
6



12
8



13
8



15
3



15
6



15
7



16
7



16
9



17
0



18
0



18
3



18
4



18
7



18
9



19
5



20
6



20
9



ng
/g



 P
C



B
 d



ry
 w



ei
gh



t



ECD (n=13)
SIM (n=8)



A



B











 3-23



Figure 3-18. The average and standard deviation of congeners measured by ECD and SIM in sablefish liver tissues sampled from the reference (A) and 
ship locations (B). 
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Figure 3-19. The average and standard deviation of homologs measured by ECD and SIM in sablefish liver tissues sampled from the reference (A) and 
ship locations (B). 
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3.7. Summary of Exposure Assessment 
The exposure assessment found that sablefish sampled from the ex-AGERHOLM (ship) site had 
statistically higher concentrations (by a factor of 1.4-1.5) of PCBs than sablefish sampled from 
reference locations about 4 nm away from the ship. Sablefish from the ship site were similar in 
length to sablefish from the reference locations, but the sablefish from the reference site were 
20% heavier than sablefish from the ship site. There was no relationship between weight or 
length and Total PCB and sablefish from both sites had similar dry weight and lipid content. The 
distribution of congeners and homologs measured in the sablefish from both sites were very 
similar, the main difference was that congeners and homologs in sablefish from the ship site 
were about 1.5 times higher than levels measured in sablefish from the reference locations.  



3.8. Uncertainty of Exposure Assessment 
The major sources of uncertainty in the exposure assessment were the uncertainty of whether the 
sablefish sampled were representative of site and reference conditions, differences in analytical 
methods and sampling procedures, and assumptions about sablefish physical condition, diet, and 
exposure pathways for sablefish. Due to the limitations on sampling imposed by working in the 
deep ocean, a very limited number of specimens were caught during each cruise, requiring 
specimens to be pooled among the various cruises that resulted in months to years between 
sampling intervals. Additionally, changes in sampling procedures resulted in different numbers 
and types of tissues (muscle and liver) collected, inconsistent reporting of the sex and maturity of 
the specimens, no estimate of age, and unknown reproductive status. Careful evaluation of the 
two analytical methods (ECD and SIM) assured that the analytical results were comparable and 
data validation procedures did not detect any analytical bias or other discrepancy in the results. 
Although sablefish are relatively territorial, individuals can migrate over large distances and 
depths within the ocean (OTP 2002) resulting in uncertainty about site-fidelity and whether 
exposure levels are related to conditions at the site. Deep-sea pelagic fish are extremely 
opportunistic foragers so there is uncertainty about how much of the sablefishes’ diet came from 
the ship or reference sites. It was assumed that the sablefish caught at each site were a snap shot 
of the exposure conditions present at the site and that the specimens were influenced by non-site 
factors in a random fashion. 



 











 4-1



4.0. Effects Assessment 
4.1. Tissue Exposure Benchmarks 
Tissue residue benchmarks were developed to evaluate potential effects from exposure to Total 
PCBs as well as exposure to dioxin-like coplanar PCB congeners using toxicity equivalent 
quotients (TEQs). The benchmarks for Total PCB were based on the tissue screening value 
(TSV), bioaccumulation critical value (BCV), critical body residues, and dietary exposure to 
sharks. These benchmarks (Table 4-1) are chemical residue thresholds at or below which adverse 
toxicological effects would not be expected. To further address the ecotoxicological risk of 
exposure to PCBs, the potential toxicity from dioxin-like coplanar congeners was evaluated and 
a probabilistic analysis of PCB exposure conducted. Species sensitivity distributions (SSDs) of 
effects from critical body residues of PCBs in fish and effects of dioxin-like PCB congener 
exposure to fish eggs were also used to determine the probability of an effect to those endpoints. 
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Table 4-1. Ecorisk benchmark concentrations for Total PCB (A) and dioxin-like PCB congener TEQ (B) in tissues of fish. 



 



 



f_dry f_lipid
A. Benchmarks for exposure to Total PCB. 0.3186 0.1794
Media Exposure Pathway Basis for Criterion
Tissue Food Chain TFISH wet weight dry weight lipid weight units Potential Effects from Bioaccumulation
Residue TSV 436.8 1371.2 2435.1 ng/g Tissue Screening Value (URS 1996, 2000, Dyer et 



al 2000)
Bcv 1836.1 5764.0 10236.0 ng/g Bioaccumulation Critical Value (see Table 5)



Tissue Food Chain Critical Body Residues
Residue NOED 1500.0 4708.8 8362.1 ng/g No Observed Effects Dose, sheepshead minnow  



(Hansen et al. 1975, Table 6)
LOED 2200.0 6906.3 12264.5 ng/g Lowest Observed Effects Dose, pinfish (Hansen et 



al. 1974, Table 6)



Tissue Food Chain Dietary Exposure
Shark NOAELshark 2505.2 7864.2 13965.6 ng/g No Observed Adverse Effects Level, striped bass 



(Westin et al. 1983, Table 7)
Shark LOAELshark 4042.4 12690.0 22535.5 ng/g Lowest Observed Adverse Effects Level, winter 



flounder (Black et al. 1988, Table 7)



B. Benchmarks for exposure to dioxin-like TEQs.
Media Exposure Pathway Basis for Criterion



Tissue
Maternal 
Transfer to Egg wet weight lipid weight units Critical Body Residues



Residue Fish EggNOED_Rainbow 0.300 TEQ pg/g Egg wet No Observed Effects Dose,  rainbow trout 
(deBruyn et al. 2004)



Fish EggLOED_Rainbow(lipid) 3.000 TEQ pg/g Egg lipid Lowest Observed Effects Dose,  rainbow trout 
(deBruyn et al. 2004)



Fish EggNOED_Laketrout 5.000 TEQ pg/g Egg wet No Observed Effects Dose, lake trout (Cook et al. 
2003)



Fish EggLOED_Laketrout 30.000 TEQ pg/g Egg wet Lowest Observed Effects Dose, lake trout (Cook 
et al. 2003)



Benchmark



Benchmark
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4.2. Ecorisk Benchmarks for Exposure to Total PCB 
4.2.1. Tissue Screening Values (TSV) 
Tissue screening values (TSV), originally developed for screening-level ecorisk assessments at 
Navy sites (URS 1996, 2002), are the concentrations of chemicals in the tissue of an organism at 
or below which adverse effects would not be expected to occur. The TSV is based on water 
quality criteria that were derived to be protective of aquatic organisms (U.S. EPA 1986, URS 
1996, Shepard 1998). Because the TSV is equal to the no effect tissue concentration, a single 
TSV applies to both freshwater and marine organisms (URS 1996), in other words the same 
tissue concentration would cause an effect regardless of whether the organism was a marine or 
freshwater species. This assumes that the difference between freshwater and saltwater criteria is 
due to differences in chemical uptake between freshwater and marine organisms rather than 
differences in tissue concentrations that would cause adverse effects (Shepard 1998). The TSV 
for PCB was calculated by URS (1996) as: 



 
TSV 



 
= 



WQC µg × BCFa__L___ × 0.001 mg   (mg/kg wet weight) 
           L              kg(wet)              µg 
 



[7]



Where    
BCFa = Bioconcentration factor for aquatic organisms (31200 L/kg wet weight) 



normalized to the average (3%) lipid content4 of aquatic organisms 
(URS 1996) 



 



WQC = Was selected as the lowest value reported for marine or fresh water 
quality criteria (0.014 µg/L – final chronic value for freshwater) that was 
in effect at the time the TSVs were calculated (URS 1996) 



 



 
PCB residue levels below the TSV are assumed to pose little or no risk to aquatic biota (Shepard 
1995, URS 1996, Dyer et al. 2000). 



4.2.2. Bioaccumulation Critical Values (BCV) 
The bioaccumulation critical value (BCV) is similar in concept to the TSV, however the BCV 
was calculated using the most recent saltwater quality criteria (U.S. EPA 1998b, 2005, Buchman 
1999) and bioconcentration factors applicable to marine fish. The BCV was defined as the tissue 
concentration that would occur if water exposure levels equaled the chronic or lowest available 
water benchmark (WB): 



 
BCV 



 
= 



WB µg × BCFM__L___ × 0.001 mg   (mg/kg wet weight) 
        L              kg(wet)               µg 
 



[8]



where   WB = Most recent salt water chronic criteria (0.03 µg/L, EPA 1998, Buchman 1999) 
 BCFSablefish = Bioconcentration factor for sablefish (L/kg wet weight), see Table 4-2  



 
 



                                                 
4 The BCF for PCBs (log BCF = (0.85 x logKow) – 0.70) was determined from experiments conducted with using 
fat head minnows (Pimpephales promelas) with an average lipid content of 7.6 % (U.S. EPA 1980, URS 1996). 
Freshwater and marine organisms that are commonly consumed in the US have a weighted average of about 3% 
lipid content (U.S. EPA 1980, URS 1996). Therefore to make the BCF for PCB more applicable to water quality 
criteria the U.S. EPA adjusted the BCF value by 3%/7.6% = 0.395 (URS 1996). 
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Table 4-2. The fraction of each homolog group measured in sablefish (A), the weighted-bioconcentration 
factor (BCF) for total PCB (B), and the bioaccumulation critical values (BCV) for sablefish (C). 



 



A.



n average stdev



fraction of Total 
PCB fPCB  



(average)
%dry 33 31.86 3.18
% lipid (wet weight) 33 17.94 3.00
PCB Concn. ng/g dry weight
Monochlorobiphenyls 24 0.55 0.28 0.0008
Dichlorobiphenyls 27 0.56 0.29 0.0008
Trichlorobiphenyls 27 1.64 1.10 0.0023
Tetrachlorobiphenyls 27 38.60 15.26 0.0530
Pentachlorobiphenyls 27 173.14 130.13 0.2379
Hexachlorobiphenyls 27 323.70 261.07 0.4448
Heptachlrobiphenyls 27 151.03 111.53 0.2075
Octachlorobiphenyls 27 32.09 35.95 0.0441
Nonachlorobiphenyls 27 5.16 7.76 0.0071
209 - Decachlorobiphenyl 27 1.32 0.89 0.0018
Total PCB (sum of average homologs) 727.80 1.0000



B. The weighted sum of the BCF was normalized to 3% lipid for aquatic organisms (US EPA 1994).
Homologue log(Kow)a fPCB log(BCFww)b BCFww BCFww*fPCB



Monochlorobiphenyls 4.70 0.0008 3.38 2398.8 1.8
Dichlorobiphenyls 5.10 0.0008 3.78 6025.6 4.6
Trichlorobiphenyls 5.50 0.0023 4.18 15135.6 34.2
Tetrachlorobiphenyls 5.90 0.0530 4.58 38018.9 2016.6
Pentachlorobiphenyls 6.30 0.2379 4.98 95499.3 22718.8
Hexachlorobiphenyls 6.70 0.4448 5.38 239883.3 106691.8
Heptachlrobiphenyls 7.10 0.2075 5.78 602559.6 125040.8
Octachlorobiphenyls 7.50 0.0441 6.18 1513561.2 66744.0
Nonachlorobiphenyls 7.90 0.0071 6.58 3801894.0 26948.1
209 - Decachlorobiphenyl 8.26 0.0018 6.94 8709635.9 15759.5



BCFtPBC 365960.2
% Lipid factorc



BCFtPBC Normalized to 3% Lipid 17.94 0.1672 61204.2



D. Total PCB BCF for sablefish.
WB BCFb



Chemical ug/L (L/kg wet) ug/g wet
Total PCB 0.030 d 61204 1.836
Total PCB 0.074 e 61204 4.529
Total PCB 0.120 f 61204 7.345



a



b



c BCF for tPCB Normalized to 3% lipid  (U.S. EPA 1998b, 1994, URS 1996)
d Saltwater continuous (chronic) concentrations (U.S. EPA 1998b, 1999b, summarized in Buchman 1999).
e Water benchmark set to Tier I Great Lakes Wildlife Criteria (USEPA 1995)
f Water benchmark set to Great Lakes Water Quality Criteria for Protection of Wildlife (USEPA 1995)



Mackay et al. 1992.
wet weight; log(BCFww) = -1.32 + log(Kow) Mackay (1982) cited in Petersen and Kristensen (1998 ref [8]) 



 Percent dry weight, percent lipid weight, concentration of homologs and fraction of Total PCB (fPCB) measured in sablefish 
muscle tissues.



Sablefish
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The BCF for each homolog was estimated using the regression from Mackay (1982, cited in 
Petersen and Kristensen 1998): 



log(BCFi) = -1.32 + log(Kow)  [9]
BCFi = Bioconcentration factor of homolog (i) in adult fish on a wet 



weight basis 
 



 
The BCV for Total PCB accumulation in sablefish tissue was calculated using a BCF weighted by 
the fraction of Total PCB (fPCBi) present in each homolog group measured in the sablefish 
samples (Figure 3-1, Table 4-2). The sablefish BCF was calculated as: 



BCFSablefish = ΣftPCBi× BCFi × 0.64 (L/kg wet weight) [10]
 
Where (i) is the index for each homolog group mono through deca (Table 4-2) and 0.64 is a 
lipid-normalizing factor used to normalize the lipid content of sablefish muscle tissue (18% 
lipid) to 3% lipid. EPA uses 3% as the average lipid content of aquatic organisms to determine 
the water quality criteria value for PCBs (U.S. EPA 1980, URS 1996, Table 4-2). 



4.2.3. Critical Body Residues 
Critical body residues (CBR) are defined as the threshold concentration of a contaminant in the 
tissue of an organism above which adverse effects could occur (McCarty et al. 1992, Pabst 
1999). Generally, the effect occurs as a result of noncancerous effects and can result in death 
(mortality), or a reduction in fecundity, reproduction, or growth (chronic effects). Data from the 
US Army Corps of Engineers Environmental Residue-Effects Database (ERED 2002, see 
http://el.erdc.usace.army.mil/ered/) were used to develop benchmarks for critical body residues. 
The database was searched for effects on reproduction, growth and development, mortality and 
survival. Results that were based on adult exposure, whole body concentration, and ingestion or 
absorption were used, if available (see Appendix D. Search Results Obtained from ERED 
Database). Benchmarks were selected for highest no observed effect dose (NOED) and lowest 
observed effect dose (LOED) for freshwater or saltwater fish species.5 If the highest NOED was 
greater than the lowest LOED, then a NOED was selected that was lower than the lowest LOED 
(Table 4-3, Table 4-4). The NOED and LOED benchmarks for fish and invertebrates were 
derived by multiplying the value obtained from ERED [mg/Kg wet weight] by an uncertainty 
factor (UF), if applicable: 



NOED = NOEDERED×UF×dw [11]
LOED = LOEDERED×UF×dw [12]



 
The LOED of 2.2 mg/Kg (wet weight) was based on 5% mortality observed in a 96 hr exposure 
to pinfish (Lagodon rhomboides, Hansen et al. 1974) and the NOED of 1.5 mg/Kg (wet weight) 
was based on no effect to sheepshead minnow (Cyprinodon variegatus) survival after a 28-day 
exposure (Hansen et al. 1975). Because these benchmarks were assumed to be directly applicable 
to sablefish, an UF=1 was used in calculating the NOED and LOED benchmarks (Table 4-3). 



                                                 
5 NOED and LOED are used to be consistent with the ERED nomenclature, which defined “dose” as the whole body 
burden concentration. Values selected from the database were the no observed adverse effects (NOED) and lowest 
observed adverse effect (LOED), where adverse was defined as a negative impact to growth, development, 
reproduction, or survival. 
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Table 4-3. Critical body burdens for fish (A) no observed (adverse) effect dose (NOED) and (B) lowest observed effect dose (LOED) obtained from US 
Army Corps of Engineers Environmental Residue-Effects Database (ERED). 



 dry weight  wet weight   
(A) Fish NOED µg/g  mg/Kg   
Chemical NOED UF NOEDERED   ERED Citation 



Total Polychorinated Biphenyls 
(tPCB) 



1.50 1.00 1.50 NOED URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. 
Fish. Soc. 104:584-588. Sheepshead minnow 



TEQ (dioxin toxicity equvalent)   5 pg TEQ/g Egg  Cook, P. M.; et al. 2003. Environ. Sci. Technol.; 3864-3877. Lake Trout Sac Fry 
mortality 



TEQ (dioxin toxicity equvalent)   0.3 pg TEQ/g Roe 
(egg)



 deBruyn, et al. 2004. Environ. Sci. Technol.; 2004; 38(23) pp 6217 - 6224; Mortality 
in salmonid eqgs 



     
 dry weight  wet weight   
(B) Fish LOED µg/g  mg/Kg   



Chemical LOED UF LOEDERED   ERED Citation 



Total Polychorinated Biphenyls 
(tPCB) 



2.20 1.00 2.20 Hansen, D.J., P.R. Parrish and J. Forester, 1974. Environ. Res. 7:363-373. Lagodon 
rhomboides Pinfish 5% Mortality In 96 Hours 



TEQ (dioxin toxicity equvalent)   30 pg TEQ/g Egg  Cook, P. M.; et al. 2003. Environ. Sci. Technol.; 37(17); 3864-3877. Lake Trout Sac 
Fry mortality 



TEQ (dioxin toxicity equvalent)   3 pg TEQ/g lipid 
Roe(egg)



 deBruyn, et al. 2004. Environ. Sci. Technol.; 2004; 38(23) pp 6217 - 6224; Mortality 
in salmon eqgs 
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Table 4-4. Calculation of dietary PCB benchmark for sharks based on ratio of food chain multipliers (FCM) between trophic level IV (TL-IV shark - 
FCM4) and Trophic Level III (TL-III prey - FCM3) obtained from USEPA (2000) and weighted by the fraction of PCB homologs (fPCB) observed in 
sable fish. 



     TL-III TL-IV  ratio    



  Homologue Log(Kow)a 
fPCB



b 
FCM3c FCM4d  



FCM4/ 
FCM3e wFCMf  wFCMTPCB



g



  Monochlorobiphenyls 4.5 0.0008 1.70 1.32 0.78 0.00059  
  Dichlorobiphenyls 5.2 0.0008 3.93 3.68 0.94 0.00072  
  Trichlorobiphenyls 5.5 0.0023 5.85 6.65 1.14 0.00257  
  Tetrachlorobiphenyls 5.9 0.0530 9.01 13.00 1.44 0.07653  
  Pentachlorobiphenyls 6.5 0.2379 12.60 22.80 1.81 0.43048  
  Hexachlorobiphenyls 7.0 0.4448 13.20 24.30 1.84 0.81877  
  Heptachlrobiphenyls 7.2 0.2075 12.80 22.50 1.76 0.36477  
  Octachlorobiphenyls 7.7 0.0441 10.10 13.30 1.32 0.05807  
  Nonachlorobiphenyls 8.4 0.0071 4.33 2.20 0.51 0.00360  
  209 - Decachlorobiphenylh 9.6 0.0018 1.38 0.21 0.15 0.00028  
  homolog average rFCM     1.17   
          
  weighted food chain multiplier for TPCB        1.76
            
      DShark    
     ratio prey (fish)    
 Enpoint Source   ug/g wet wFCMTPCB mg/kg wet  µg/g dry    
 NOEAL Westin et al. 1983, striped bass  4.4 1.76 2.505 8.081   
 LOEAL Black et al. 1988, winter flounder  7.1 1.76 4.042 13.040   
            
            



aLog(Kow) used in PRAM 1.4a (URS 2005a)          
bfraction of tPCB (fPCB) measured in sable fish (see Table 9)         
cfood chain multiplier (FCM3) obtained from Trophic Level - III prey (USEPA 2000)       
dfood chain multiplier (FCM4) obtained from Trophic Level - III predator (USEPA 2000)       
eratio of FCM4/FCM3          
fweighted food chain multiplier for each homolog group (wFCM)        
gweighted food chain multiplier for TPCB (wFCMTPBC) .         
hestimated using FCM for Kow=9.0          
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4.2.4. Food Chain Benchmarks for Sharks 
The potential for PCBs to affect higher trophic levels was evaluated by assessing contaminant 
concentrations in tissues of sablefish as prey for sharks. The biology of deep-sea sharks is very 
poorly known (Martin and Treberg 2001), but it can be assumed that, if present, deep-sea pelagic 
sharks would prey on sablefish. Deep-sea pelagic sharks are very opportunistic will feed on 
virtually anything that is available (Martin and Treberg 2001). The shark benchmark was based 
on the dietary dose that would result in the NOED or LOED concentration for shark (or most 
similar species) to be exceeded. Water exposure to sharks was evaluated by assuming that 
potentially harmful tissue concentrations (NOED, LOED) could arise by accumulating 
contaminants from water and food. 



Toxicological benchmarks for PCB dietary exposure to deep-sea sharks were developed using 
the ratio of Food Chain Multipliers (FCMs) between trophic level IV (tertiary predator, e.g. 
shark) and Trophic Level III (secondary consumer, e.g. the prey, in this case sablefish) obtained 
from USEPA (2000b). The FCMs apply to chemicals with logKow values between 4.0 and 9.0 
and “reflects a chemical’s tendency to biomagnify in the aquatic food web” (U.S. EPA 2000b). 
FCM are used to account for the trophic transfer of a contaminant in the food chain. The ratio 
between FCM for TL-IV and TL-III gives the relative increase in contaminant concentrations 
between a shark and its prey, assuming all the shark’s dietary requirements came from TL-III. 
The weighted ratio was calculated by: 



wFCMTotalPCB = Σ(fPCBi × FCM4i/FCM3i) [13]
where    



FCM4i = The TL-IV FCM for homolog i (i=1, 10) (US EPA 2000). 
FCM3i = The TL-III FCM for homolog i (i=1, 10) (US EPA 2000). 



fPCBi = The fraction of PCB present as homolog i (i=1, 10) in fish tissue (see 
Table 4-4) 



 
This formulation is weighted by the fraction of PCBs observed in fish tissue for each homolog 
group (Table 4-2, Figure 3-2) and assumes that the shark and its prey have the same relative 
distribution of PCBs in their tissues. The benchmark tissue concentrations for PCB using the 
above ratio, were calculated by setting the shark’s tissue concentration to the critical body 
residue NOED and LOED, and solving for the allowable tissue concentration in the diet of a 
shark (DShark, Table 4-2): 



DShark = NOEDShark/wFCMTotalPCB [14]
DShark = LOEDShark/wFCMTotalPCB [15]



 
The FCM used to calculate the shark benchmarks were based on a conceptualized food chain for 
the deep sea community and that a steady state existed among PCB sources (PCB-containing 
materials) and PCBs in all the abiotic (sediment, pore water, water, suspended solids, dissolved 
organic carbon) and biological compartments. Assuming that the top trophic level predators 
(sharks) feed 100% on sablefish the tissue concentrations of prey that would cause the critical 
body residue levels of sharks to exceed the NOED or LOED were calculated. The shark 
benchmarks assumed that the large voracious predators had the same sensitivity to PCBs as 
striped bass (Westin et al. 1983) and winter flounder (Black et al. 1988) tested in the laboratory 
(Table 4-2). 
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4.3. Ecorisk Benchmarks for Exposure to Dioxin-like TEQ 
4.3.1. Dioxin-like TEQ Exposure to Sablefish Eggs 
Early toxicity studies on PCBs were conducted on technical Aroclors and effects were reported 
as a function of total PCB or total Aroclor concentrations. In the last decade, evidence has been 
mounting that specific congeners are more toxic than others, especially the dioxin-like coplanar 
PCBs – PCBs with zero or one chlorine atom in the ortho position (closest to the biphenyl double 
bond, see information on orientation Polychlorinated Biphenyls (PCB) Multimedia Training 
Tool) (Ahlborg et al. 1994, Van den Berg et al. 1998, Barney 2001, Gatehouse 2004). The 
concentrations of these dioxin-like coplanar PCB congeners are expressed as the equivalent 
concentration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), the most potent dioxin congener 
(Van den Berg et al. 1998), determined from the toxicity equivalent quotient (TEQ). The TEQ is 
calculated by summing the products of the concentrations of individual coplanar congeners 
[PCBi] and their dioxin toxicity equivalency factors (TEFi): 



TEQ = Σ PCBi × TEFi [16]
 
Where TEFi expresses the potency of the PCB congener relative to TCDD (i.e., TCDD TEF = 1). 
The World Health Organization (Van den Berg et al. 1998, EPA 1998) has established TEFs for 
fish, birds, and mammals that can be used in ecorisk assessments for the coplanar PCBs 
(Appendix C4; see TEF Table on U.S. EPA PCB web site at: 
http://www.epa.gov/toxteam/pcbid/tefs.htm). 



Data from dioxin-like coplanar congeners were multiplied by the respective TEFs to calculate 
TEQs for fish eggs. No data were available for PCB081, and the concentrations of PCB156 and 
PCB157 were not reported (NR) for all samples. The concentration of 3,4,4',5-
tetrachlorobiphenyl (PCB081e) was estimated using the concentration of 3,3',4,4'-
tetrachlorobiphenyl (PCB077) and assuming that the concentration was proportional to the 
concentration reported for lake trout (Salvelinus namaycush Cook et al. 2003) and pre- and 
postmigrating sockeye salmon (Oncorhynchus nerka, deBruyn et al. 2004, Appendix C3). The 
data for the NR concentrations of 2,3,3',4,4',5-hexachlorobiphenyl (PCB156e) and 2,3,3',4,4',5'-
hexachlorobiphenyl (PCB157e) were estimated using ratios determined from the concentration 
of 2,3',4,4',5,5'-hexachlorobiphenyl (PCB167) obtained for each species and site from the 
supplemental fish samples (Appendix C5). 



PCB081e = R81:77 × PCB077 [17]
PCB156e = R156:167 × PCB167 [18]
PCB157e = R157:167 × PCB167 [19]



Where   
R81:77 = Average ratio of PCB081/PCB077 reported by Cook et al. (2003) and 



deBruyn et al. (2004) 
R156:167 = Ratio of PCB156/PCB167 measured in supplemental fish samples 
R157:167 = Ratio of PCB157/PCB167 measured in supplemental fish samples 



 
Risk to fish from exposure to dioxin-like coplanar PCBs was evaluated by estimating the TEQ 
concentration that could be passed from female fish to eggs. Eggs and sac fry larvae are the most 
susceptible life stage of fish to dioxin-like toxicity (deBruyn et al. 2004, Cook et al. 2003). 
Mortality to lake trout sac fry larvae (Salvelinus namaycush) has been reported at 30 pg TEQ/g 











 4-10



egg (wet weight) and sublethal effects have been reported above 5 pg TEQ/g egg wet (Cook et 
al. 2003). Rainbow trout (Oncorhynchus mykiss) eggs were found to be more sensitive with a no 
effect to egg mortality (NOAEL) at 0.3 pg/g egg wet weight and low effect level of 3 pg/g egg 
lipid wet weight (deBruyn et al. 2004). The TEQ concentrations in eggs were estimated using the 
average egg to female transfer ratio for each coplanar congener (EFPCBi) calculated from data 
for lake trout and pre- and postmigrating sockeye salmon eggs and females reported in Cook et 
al. (2003) and deBruyn et al. (2004). The egg TEQ was obtained by: 



TEQ_EFFL = Σ TEGGPCBi  (pg TEQ/g egg lipid) [20]
TEQ_EFFw = Σ TEGGPCBi ) × f_LIPIDw  (pg TEQ/g egg wet weight) [21]
TEQ_EFFx = Σ TEGGPCBi )× (LIPIDW × 0.01)  (pg TEQ/g egg wet weight) [22]



where   
TEGGPCBi = (TECFPCBi /(LIPIDW×0.01))(EFPCBi ) [23]
TECFPCBi = [PCBi]×TEFPCBi(Fish) [24]
f_LIPIDw =  Mass fraction of lipid in female fillet (muscle) tissue (g lipid/g wet) 



LIPIDW = % lipid in female fillet (muscle) tissue (g lipid/g wet) 



EFPCBi =         [PCBi] pg/ g lipid egg tissue 
[PCBi] pg/ g lipid female muscle tissue    



[25]



[PCBi] = Concentration of coplanar congener i measured in sample 
TEFPCBi(Fish) = Fish dioxin TEF for coplanar congener i 



 
The TECs and TEQs calculated from the sablefish data are provided in Appendix C5. TEC and 
TEQ for sablefish tissue and eggs. The TEQ calculated based on the congeners measured in 
muscle tissue (all sexes) were about 5 to 6 times higher in the tissues of sablefish collected from 
the ship site than the reference sablefish and the TEQ calculated for sablefish eggs was about 10 
times higher for the ship fish (Figure 4-1). Congener PCB126 accounted for about 90% of the 
TEQ in eggs from the ship while PCB126 and PCB77 accounted for 63% and 20% the reference 
egg TEQ, respectively (Figure 4-1). The TEQs calculated based on the congeners measured in 
liver tissue were about the same for sablefish from both ship and reference sites (Figure 4-2). 
There was no statistical difference (p = 0.09) between the egg TEQs calculated for ship and 
reference sablefish. The inability to detected statistically differences between the two sites was 
probably due to the small number of female fish available for the analysis (n = 4 for ship and n = 
12 for reference). 
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Figure 4-1. The concentration of dioxin-like TEQs measured in sablefish muscle tissues (upper figures), 
estimated for maternal transfer to eggs (middle figures), and the % TEQ contributed by each congener 
(bottom figure). 
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Figure 4-2. The concentration of dioxin-like TEQs measured in sablefish liver tissues (upper figures) and 
estimated for maternal transfer to eggs (middle figures), and the % TEQ contributed by each congener 
(bottom figure). 
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4.4. Species Sensitivity Distributions 
The ecorisk benchmarks are based on a single (conservative) species level effect and do not 
necessarily reflect the wide range of species diversity and sensitivity to PCBs present in the 
ecosystem. One-way of addressing the broader implications of potential ecotoxicolgical risk 
from PCBs is to compare the PCB exposure distribution to species sensitivity distributions 
(SSD). Derived from toxicity data, SSDs are cumulative distribution functions, that describe the 
proportion of a class of organisms (in this case, fish) that are expected to be affected by a given 
level of exposure to a contaminant (Posthuma et al 2001, Maltby et al. 2005). 



Data from the ERED database on effects of PCBs to fish (both fresh and saltwater species) were 
used to calculate SSDs for PCB residues in fish (Total PCB). The ERED data for effects to 
growth, mortality, reproduction, or survival from PCB residues in juvenile or adult fish (see 
Appendix C. Search Results Obtained from ERED Database) were used to calculate the 
cumulative probability distributions for No Effect (NOED) and Low Effect (LOED) assuming 
that the toxicity data conformed to a lognormal distribution. The SSDs for NOED (Figure 4-3A) 
and LOED (Figure 4-4A) showed relatively good fits to the toxicity data reported in the ERED 
database. The available toxicity data were mostly for freshwater species (lake trout, golden ide, 
catfish, etc) but the database also included saltwater species including sheepshead minnow, 
pinfish, salmonids, and other species (Appendix D. ERED Data used to construct Species 
Sensitivity Distributions). The SSD calculated from the ERED data are not based on genus-mean 
concentrations, rather the raw toxicity data were used. While genus-mean concentrations are 
more preferable for evaluating potential toxicity effects across a wide range of organisms 
(Posthuma et al 2001, Maltby et al. 2005), developing genus-mean effects levels were beyond 
the scope of this report. More research is required to develop genus-mean concentrations of 
effects from critical body residues in fish. 



SSDs were also calculated for dioxin exposure in fish eggs to assess ecotoxicological risk from 
dioxin-like coplanar congeners. Assuming that the toxicity data reported in Gatehouse (2004) 
conformed to a lognormal distribution, an SSD for “No Effect” (NOED) and “Low Effect” 
(LOED) to sac fry growth, development, and survival from exposure to dioxin TEQ in fish eggs 
was calculated. The SSDs for TEQ NOED (Figure 4-5A) and LOED (Figure 4-6A) showed 
relatively good fits to the TEQ toxicity data reported in the Gatehouse (2004). The TEQ SSDs 
are based on toxicity data from ten freshwater species (Appendix E. Summary of Effects Data for 
TEQ Exposure to Fish Eggs and Larvae); data on TEQ effects to saltwater species are not 
currently available. Therefore it was assumed that sensitivity to TEQ exposure in freshwater 
species was similar to saltwater species and to sablefish. 
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Figure 4-3. Total PCB species sensitive distribution (SSD) of NOEDs for Critical Body Residues (CBR) and 
exposure distributions for reference and ship shown as cumulative distributions (A) and probability density 
functions (B). 
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Figure 4-4. Total PCB species sensitive distribution (SSD) of LOEDs for Critical Body Residues (CBR) and 
exposure distributions for reference and ship shown as cumulative distributions (A) and probability density 
functions (B). 
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Figure 4-5. TEQ species sensitive distribution (SSD) of NOAELs for sac-fry larvae mortality and exposure 
distributions of TEQs based on sablefish muscle tissue for reference and ship shown as cumulative 
distributions (A) and probability density functions (B). 
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Figure 4-6. TEQ species sensitive distribution (SSD) of LOAELs for sac-fry larvae mortality and exposure 
distributions of TEQs based on sablefish muscle tissue for reference and ship shown as cumulative 
distributions (A) and probability density functions (B). 
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4.5. Summary of Effects Assessment 
The effects assessment developed tissue residue benchmarks based on exposure to Total PCBs 
and the potential toxicity from dioxin-like coplanar congeners. The benchmarks for Total PCB 
included the tissue screening value (TSV), bioaccumulation critical value (BCV), the no effect 
(NOED) and low effect (LOED) levels for critical body residues, and dietary exposure to sharks. 
Potential effects from dioxin-like coplanar PCB congeners (TEQ) were evaluated by assessing 
the potential impact to the most sensitive life stages of fish to dioxin-like toxicity – fish eggs and 
survival of sac fry larvae. 



4.5.1. Uncertainty of Effects Assessment 
Many of the tissue residue benchmarks were derived from toxicity data on freshwater species 
because toxicity data on deep-sea organisms are not available. The TSV represents a 
conservative initial screening value capable of eliminating chemicals that do not pose significant 
risks to aquatic biota, if the data fall below the TSV (Shepard 1995).  



The toxicity data for fish were assumed to be applicable to all ray-finned fishes (Class 
Actinopterygii) which includes sablefish (Order Scorpaeniformes) and the vast majority of fish 
for which toxicity data are available (Order Perciformes and Order Salmoniformes). 



Data from dioxin-like coplanar congeners were multiplied by the respective TEFs to calculate 
TEQs for fish eggs and to assess dietary exposure to birds and mammals. Because no data were 
available for PCB081 the concentrations of PCB081 were estimated assuming that they were 
proportional to PCB077 in ratios that were measured other studies (Johnston et al. 2005a, b). The 
maternal transfer of PCBs from sablefish to egg was also assumed to be proportional to the 
transfer ratios reported for trout and sockeye salmon. The dioxin-like TEFs and TEQ 
benchmarks were also assumed to be applicable to deep-sea fish. The potential effects estimated 
from TEQ exposure to fish eggs were based only on dioxin-like toxicity from PCBs and did not 
take into account any additional toxicity from the possible presence of dioxins and furans. There 
is a wide range of sensitively to dioxins among fish (Gatehouse 2004). The benchmarks used in 
this analysis were based on data available for the most sensitive fish (salmonids) for which 
toxicity data are available (Gatehouse 2004) and it was assumed that these benchmarks would 
not underestimate the potential risk to sablefish. 
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5.0. Risk Characterization 
Risk characterization evaluates the exposure assessment within the context of the effects 
assessment. The data from the ship and reference sites were compared to the effects benchmarks 
and species sensitivity distributions (SSDs) to determine potential effects to primary and 
secondary consumers of the deep-sea pelagic fish community using the TSV and BCV 
benchmarks, potential effects from critical body residues in secondary consumers (sablefish) 
using the critical body residue NOED and LOED benchmarks and SSDs, and potential effects 
from dietary exposure to tertiary consumers (sharks) using the SHARKNOED and SHARKLOED 
benchmarks. In addition, the potential effects of TEQ exposure to fish eggs and larvae were 
evaluated using the EGGNOED and EGGLOED TEQ benchmarks (Table 5-1). 



Evaluation criteria were used to interpret the results of risk characterization. The conclusions 
were based on evidence of potential ecological harm, evidence of exceeding reference levels, and 
the degree to which data were available to support the assessment. An agreement within the 
REEFEX/SINKEX Working Group was developed for the evaluation criteria used for screening 
level ecorisk analysis for the ex-VERMILLION (Johnston et al. 2005a) and ecorisk analysis 
performed for the ex-ORISKANY (Johnston et al. 2005b). The evaluation criteria were based on 
tissue residue and dietary benchmarks, comparison to reference conditions, and data reliability. 
The exposure pathways, benchmarks, endpoints, receptors, and chemicals evaluated in the 
screening ecorisk assessment are summarized in Table 5-1. 



Table 5-1. Summary of exposure pathways, benchmarks, and endpoints evaluated with the sablefish data. 



Media 
Exposure 
Pathway Chemical Benchmarks Endpoint/Receptor 



Primary Consumer 
Secondary Consumer 



Tissue 
Residue 



Food Chain Total PCB Potential Bioaccumulation 
Effects 



TSV, Bcv Tertiary Consumer 
Tissue 



Residue 
Food Chain Total PCB Critical Body Residues 



NOED, LOED 
Secondary Consumer (Sablefish)



Tissue 
Residue 



Food Chain Total PCB Dietary Exposure 
SHARKNOED, SHARKLOED 



Tertiary Consumer (Shark) 



Tissue 
Residue 



Maternal 
Transfer to 



Eggs 



TEQ TEQ Exposure to Fish Eggs 
and Larvae 



EGGNOED, EGGLOED 



Fish Eggs and Larvae 



 



5.1. Initial Comparison to Tissue Residue Benchmarks 
The initial comparison between the sablefish data and the tissue residue benchmarks is consistent 
with a screening level assessment (US EPA 1998, 2004). The initial comparison was conducted 
to determine whether more detailed data analyses were warranted. The evaluation criteria for the 
comparison to benchmarks were: 
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Potential Effects to Primary and Secondary Consumers 
(deep-sea pelagic fish community) 



Outcome Interpretation 
All data < TSV Very unlikely exposure is harmful 
Average of data < TSV Unlikely exposure is harmful 
Average of data > TSV Moderate likelihood that exposure may be harmful 
Some data > Bcv Likely that exposure may be harmful 
Average of data > Bcv Very Likely that exposure may be harmful 



Potential Effects from critical body residues in Secondary Consumers 
(sablefish) 



Outcome Interpretation 
All data < NOED Very unlikely exposure is harmful 
Average of data < NOED Unlikely exposure is harmful 
Average of data > NOED and Max of data < LOED Moderate likelihood that exposure may be harmful 
Max of Data > LOED Likely that exposure may be harmful 
Average of Data > LOED Very likely that exposure may be harmful 



Potential Effects from Dietary Exposure to Tertiary Consumers 
(sharks) 



All data < NOAEL Very unlikely exposure is harmful 
Average of data < NOAEL Unlikely exposure is harmful 
Average of data > NOAEL and Max of data < LOAEL Moderate likelihood that exposure may be harmful 
Max of Data > LOAEL Likely that exposure may be harmful 
Average of Data > LOAEL Very likely that exposure may be harmful 



TEQ Exposure to Fish Eggs and Larvae 



All data < EGGNOAEL Very unlikely exposure is harmful 
Average of data < EGGNOAEL Unlikely exposure is harmful 
Average of data > EGGNOAEL and Max of data < 
EGGLOAEL 



Moderate likelihood that exposure may be harmful 



Max of Data > EGGLOAEL Likely that exposure may be harmful 
Average of Data > EGGLOAEL Very likely that exposure may be harmful 



Comparison to Reference 



Outcome Interpretation 
Ship data statistically lower than reference Less than reference 
Ship data not different from reference Similar to reference 
Ship data statistically higher than reference Higher than reference 
 



5.2. Determining the Probability of Exceeding Effects 
Benchmarks for PCBs 



The objective of the probabilistic analysis was to calculate the probability that harmful exposures 
would occur to better quantify the magnitude of ecorisk indicated by the available data (Johnston 
et al. 2001). This information is useful to risk managers because it adds quantitative rigor to the 
ecorisk analysis beyond the simple, exceeds benchmark analysis. However, the probabilistic 
analysis is limited by the data available, and the conclusions drawn from the probabilistic 
analysis must factor in the assumptions and uncertainties associated with the ecological effects 
benchmarks. The procedures for the probabilistic analysis are detailed below. 
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The mean (µ) and standard deviation (σ) of the logarithm-transformed (base10) raw data were 
used to estimate the exposure distributions for PCBs measured in sablefish grouped by ship (n = 
13) and reference locations (n = 20). There was a much better fit to lognormal than normal 
distributions in the data (see Table 3-2). Furthermore, the tendency of pollutants to conform to 
lognormal distributions (Gilbert 1987) and the conservative estimate of exposure associated with 
lognormal distributions supported the assumption that the exposure distributions were lognormal. 



Ecological risk can be defined as the probability of an effect P(Effect) given the probability of 
exposure P(Exp) or the probability P(Cz) of exceeding a benchmark (Johnston et al. 2001): 



P(Effect|Exp) = P(Effect ∩ Exp)/P(Exp), P(Exp) ≠ 0 [26]
 
The probability of exceeding an effects benchmark was obtained by determining the critical z-
score (Cz) for each benchmark with the mean and standard deviation of the target ship and 
reference distributions and then calculating the resulting probability from the Standard Normal 
Distribution: 



Cz = (B - µ)/σ [27]
P(Cz) = Probability of exceeding Cz of the Standard Normal Distribution [28]



Where    
B = Benchmark concentration of ecological effects   
µ = Mean of Target or Reference populations (lognormal)  
σ = Standard deviation of Target or Reference population (lognormal)  



 
The incremental increase in risk (RISK) was obtained by subtracting the probability for the 
reference site from the probability for the ship site. 



RISK  = P(Cz)Ship – P(Cz)Reference; P(Cz)Ship >P(Cz)Reference [29]
 
Where P(Cz)Ship is the probability of exceeding a benchmark calculated for the ship population 
and P(Cz)Reference is the probability of exceeding a benchmark calculated for the reference 
population. The probability density function (Sokal and Rohlf 1995) was used to plot the 
exposure distributions. 



5.2.1. Probabilistic Evaluation 
Criteria for evaluating the outcome of the probabilistic analysis were developed for the risk 
analysis6. The incremental risk of exceeding a benchmark or an effects distribution was 
interpreted using a geometric progression (10-4, 10-2, 10-1, 10-½, 10-¼, 10-1/8) to define the 
(arbitrary) cutoff values for interpreting the level of risk: 



 



                                                 
6 At this writing the SINKEX/REEFEX Working Group has not yet reviewed and concurred with the evaluation 
criteria for the probabilistic analysis. 
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Cutoff Value Risk Interpretation 
10-4 P <0.0001 Negligible Risk 
10-2 0.0001≤ P <0.0100 Very Low Risk 
10-1 0.0100≤ P <0.1000 Low Risk 
10-0.5 0.1000≤ P <0.3162 Medium Risk 
10-0.25 0.3162≤ P <0.5623 High Risk 
10-0.125 0.5623≤ P <0.7499 Very High Risk 



 P ≥0.7499 Adverse Risk 
 
The overall risk was determined by the combination of risk levels obtained for exceeding the 
conservative (e.g. TSV, NOED, SharkNOED) and less conservative (e.g. BCV, LOED, SharkLOED) 
benchmarks for each assessment endpoint evaluated.7 



Risk of Exceeding Conservative 
Benchmark of SSD (TSV, NOED, 



NOAELshark) 



Risk of Exceeding Less 
Conservative Benchmark or 
SSD (BCV, LOED, LOAELshark) 



Overall Risk 



Negligible Negligible Negligible 
Very Low Negligible Negligible 



Low Negligible Negligible 
Medium Negligible Very Low 



High Negligible Very Low 
Very High Negligible Very Low 
Very Low Very Low Very Low 



Low Very Low Very Low 
Medium Very Low Low 



High Very Low Low 
Very High Very Low Low 



Low Low Low 
Medium Low Low 



High Low Low 
Very High Low Medium 
Medium Medium Medium 



High Medium Medium 
Very High Medium High 



High High High 
Very High High Very High 
Very High Very High Very High 



 



5.3. Probability of Exceeding Species Sensitivity Distribution for 
Effects of PCB Tissue Residues on Fish 



Species Sensitivity Distributions (SSDs) were developed for critical body residues in fish 
(NOED and LOED) and TEQ effects to fish eggs (NOED and LOED). The degree of 
incremental risk from the ship site was calculated by the overlap between the exposure 



                                                 
7 At this writing the SINKEX/REEFEX Working Group has not yet reviewed and concurred with the evaluation 
criteria for the overall risk evaluation. 
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distribution for the ship fish and the SSD minus the overlap between the exposure distribution 
for the reference locations and the SSD.  



5.4. Data Reliability 
The degree to which data were sufficient to draw a conclusion was also evaluated. The reliability 
of the data was evaluated by how well the data met data quality objectives for the risk 
assessment. The data quality objectives include the precision and accuracy of the data, how well 
the data represented site conditions, spatial differences, temporal or seasonal variations, and 
responses from the stressors (Menzie et al. 1996). Confidence reflects the certainty of the finding 
based on the available data and other sources of uncertainty. If no data are available, no 
conclusion is possible, but as data reliability increases the confidence in the conclusions also 
increases. Low confidence suggests that additional information could change the conclusion, 
while high confidence suggests the opposite (Johnston et al. 2002, Johnston 1999). 



Status of Data Interpretation Confidence in 
Conclusion 



No data available Serious Data Gap No conclusion possible 
Data are available but they may be 
anecdotal, undependable, unverifiable, 
or highly ambiguous 



Data Reliability Low Low 



Quantitative data are available but they 
maybe limited and or contradictory 



Data Reliability 
Passable 



Low 



Quantitative data are available that 
meet at least 2 data quality objectives 



Data Reliability Good Medium 



Quantitative data are available that 
meet 4 or more data quality objectives 



Data Reliability High High 



 



5.5. Results of Risk Characterization 
5.5.1. Comparison to Benchmarks 
The sablefish data showed that three samples from the ship site and two samples from the 
reference locations exceeded the TSV benchmark and no samples exceeded the BCV, NOED, 
LOED, or shark benchmarks (Figure 3-15). The average Total PCB measured in muscle and liver 
tissues (Figure 3-16) was below the TSV suggesting that it was unlikely that exposure would be 
harmful to primary and secondary consumers of the deep-sea pelagic community and very 
unlikely that the exposure w ould be harmful to sablefish as critical body residues or dietary 
exposure to sharks. 



The potential effects of TEQ exposure to fish eggs and larvae were evaluated using the EGGNOED 
and EGGLOED TEQ benchmarks for rainbow and lake trout (Table 10). The average TEQ 
calculated for eggs exceeded the EGGNOED_rainbow and EGGLOED_rainbow benchmarks for rainbow 
trout for both ship and reference sites, while the EGGNOED_lake for lake trout was not exceeded 
(Figure 4-1). The average TEQs calculated based on the congeners measured in liver tissue 
exceeded the EGGNOED_rainbow for rainbow trout, but the other benchmarks were not exceeded for 
either ship and reference sites (Figure 4-2). The initial evaluation suggested that there was a 
moderate likelihood that TEQ exposure could be harmful to sablefish eggs, but there was no 
statistical difference in the TEQ concentrations between the reference and ship sites. 
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The conclusions from the initial comparison to tissue residue benchmarks are shown in Table 
5-2. The initial comparison of sablefish data to tissue residue benchmarks showed that there was 
low risk of exposure to primary and secondary consumers in the deep-sea pelagic community 
because Total PCBs in sablefish from the ship site were significantly higher than reference. 
While three samples from the ship exceeded the most conservative benchmark (TSV), no sample 
exceeded any of the less conservative benchmarks suggesting it was unlikely that exposure 
would be harmful (Table 5-2). The TEQs calculated for fish eggs exceeded the most 
conservative benchmarks, however, because the difference between sites was not statistically 
significant the elevated TEQ exposure could not be attributed to the site. 



Table 5-2. Outcome matrix for the initial comparison to tissue residue benchmarks to determine the risk of 
exposure from PCB residues measured in sablefish tissue. 



 Is exposure greater than Reference? 
Is exposure harmful? Less Similar Higher 



Very unlikely Negligible Exposure Negligible Exposure 
Negligible Exposure 
(Bcv, NOED, LOED, 



Shark) 



Unlikely Negligible Exposure Negligible Exposure Low Exposure 
(TSV) 



Moderate likelihood Negligible Exposure Negligible Exposure 
(Egg TEQs) Medium Exposure 



Likely  Negligible Exposure Low Exposure High Exposure 



Very likely Negligible Exposure Medium Exposure Adverse Exposure 



 



5.5.2. Results of Probability Analysis 
The whole body lipid-based Total PCB concentration was used to calculate the probability of 
exceeding benchmarks. The benchmarks, critical values and risk of exceeding the benchmarks 
assuming that the whole body Total PCB ng/g lipid were lognormally and normally distributed 
are shown in Table 5-3 and plotted in Figure 5-1. The distribution shows the probability of 
exposure and the area under the curve to the right of the benchmark is the probability of 
exceeding the benchmark. The incremental increase in probability of exceeding the TSV 
benchmark was obtained by subtracting the area exceeding the TSV for the reference distribution 
(P = 0.03) from the ship distribution (P = 0.15) to obtain the incremental risk (P = 0.12, Table 
5-3B, Figure 5-1A). The incremental risk of exceeding the NOED and BCV was 0.0006 and 
0.0002, respectively and the probability of exceeding the other benchmarks was < 0.0001 (Table 
5-3B). Assuming that the sablefish data were normally distributed, a similar result for the 
incremental risk of exceeding the TSV of P = 0.14 was obtained, but there was less than 1 × 10-6 
chance of exceeding any of the other benchmarks for the normal distribution Table 5-3C, Figure 
5-1B. Due to its tail, the lognormal distribution had a higher probability of exceeding the less 
conservative benchmarks. 
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Table 5-3. The benchmarks (A), critical values and probability of exceeding benchmarks assuming that the 
data were lognormally (B) and normally (C) distributed. 



A. Benchmarks to evaluate Total PCB levels in sablefish tissue (whole body). 
  Sablefish    
Benchmarks   ng/g wet ng/g Lipida log(ng/g Lipid)    



TSVb 436.8 2435.1 3.3865    
NOEDc 1500.0 8362.1 3.9223    



Bcve 1836.1 10236.0 4.0101    
LOEDd 2200.0 12264.5 4.0886    



SharkNOED
f 2505.2 13965.6 4.1451    



SharkLOED
f 4042.4 22535.5 4.3529    
       
a Dry weight based on average dry:wet measured in sablefish  
b Dyer et al. 2000.     
c Hansen and Schimmel 1975    
d Hansen et al. 1974     



 e Based on bioconcentration factor calculated for sablefish (see Table 3-2) 
 f See Table 5-4     



        
B. Critical values and probablity of exceeding benchmarks assuming data were lognormally distributed. 
Whole Body Lipid-Based Ship Reference     



log_mean  3.1382 2.9924    
log_stdev  0.2417 0.2072    



        
  Critical Z (CZ)  Probability 
  Ship Reference  Ship Reference Incremental Risk



TSV 1.0273 1.9021  0.1521 0.0286 0.1235
NOED 3.2442 4.4880  0.0006 0.0000 0.0006



Bcv 3.6075 4.9118  0.0002 0.0000 0.0002
LOED 3.9323 5.2908  0.0000 0.0000 4.2017E-05



SharkNOED 4.1657 5.5630  0.0000 0.0000 1.5513E-05
SharkLOED 5.0255 6.5660  0.0000 0.0000 2.5143E-07



       
C. Critical values and probablity of exceeding benchmarks assuming data were normally distributed. 
Whole Body Lipid-Based Ship Reference     



mean  1694.4 1109.6     
stdev  757.1 650.04     



        
  Critical Z (CZ)  Probability 
  Ship Reference  Ship Reference Incremental Risk



TSV 0.9783 2.0390  0.1640 0.0207 0.1432
NOED 8.8069 11.1571  0.0000 0.0000 0.0000E+00



Bcv 11.2819 14.0397  0.0000 0.0000 0.0000E+00
LOED 13.9613 17.1603  0.0000 0.0000 0.0000E+00



SharkNOED 16.2082 19.7773  0.0000 0.0000 0.0000E+00
SharkLOED 27.5275 32.9608  0.0000 0.0000 0.0000E+00
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Figure 5-1. Probability of exceeding benchmarks for Total PCB in sablefish whole body tissues (ng/g lipid) 
based on lognormal (A) and normal (B) distributions. 



The probability of exceeding the TEQ benchmarks were calculated for the TEQs obtained based 
on muscle (Table 5-4, Figure 5-2) and liver (Table 5-5, Figure 5-3) tissue data. For the dioxin 
exposure levels determined from the sablefish muscle tissue, the incremental risks of exceeding 
the most conservative dioxin benchmarks for rainbow trout were P = 0.24 for EGGNOED_Rainbow 
(Figure 5-3A) and P = 0.27 for EGGLOED_Rainbow (Figure 5-3B) and the risk of exceeding the lake 
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trout benchmarks were P = 0.17 and P = 0.04, for the NOED and LOED, respectively (Table 
5-4). The probability of exceeding benchmarks for TEQ exposure based on the sablefish liver 
tissues are calculated in Table 5-5 and plotted in Figure 5-3. Because the probability of 
exceeding the benchmarks for the ship fish were less than reference fish, no incremental risk was 
calculated (Table 5-5, Figure 5-3). 



Table 5-4. The benchmarks (A), critical values, and probability of exceeding benchmarks for maternal TEQ 
transfer to eggs based on wet weight (B) and lipid weight (C) dioxin-like congeners measured in sablefish 
muscle tissues. 



A. Bechmarks to evaluate TEQ levels in sablefish eggs. 
  Sablefish    
Benchmarks   ng/g wet ng/g Lipid log(Benchmark)    



EggNOED_Rainbowa 0.3  -0.5229    
EggNOED_Laketroutb 5.0  0.6990    
EggLOED_Laketrouta 30.0  1.4771    



EggLOED_Rainbow(lipid) b 3.0 0.4771    
       
a Cook et al. 2003     
b deBruyn et al. 2004     



Data from sablefish muscle tissue      
      
B. Critical values and probablity of exceeding benchmarks for TEQ (pg/g wet) in eggs. 
Wet Weigt (TEQ pg/g wet egg) Ship Reference     



log_mean  -0.1614 -0.6047     
log_stdev  0.9176 0.3603     



        
  Critical Z (CZ)  Probability 



  Ship Reference   Ship Reference 
Incremental 



Risk 
EggNOED_Rainbow -0.3939 0.2272  0.6532 0.4102 0.2430 



EggNOED_Laketrout 0.9376 3.6182  0.1742 0.0001 0.1741 
EggLOED_Laketrout 1.7856 5.7779  0.0371 0.0000 0.0371 



       
C. Critical values and probablity of exceeding benchmark for TEQ (pg/g lipid) in eggs. 
Lipid Weight (TEQ pg/g lipid)  Ship Reference     



log_mean  0.801 0.357     
log_stdev  0.918 0.360     



        
  Critical Z (CZ)  Probability 



  Ship Reference   Ship Reference 
Incremental 



Risk 
EggLOED_Rainbow(lipid) -0.3525 0.3325  0.6378 0.3698 0.2680 
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Figure 5-2. Probability of exceeding benchmarks of TEQ exposure calculated for sablefish eggs based on lipid 
(A) and wet weight (B) based on TEQs in sablefish muscle tissues. 
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Table 5-5. The benchmarks (A), critical values, and probability of exceeding benchmarks for maternal TEQ 
transfer to eggs based on wet weight (B) and lipid weight (C) dioxin-like congeners measured in sablefish 
liver tissues. 



A. Bechmarks to evaluate TEQ levels in sablefish eggs. 
  Sablefish    
Benchmarks   ng/g wet ng/g Lipid log(Benchmark)    



EggNOED_Rainbowa 0.3  -0.5229    
EggNOED_Laketroutb 5.0  0.6990    
EggLOED_Laketrouta 30.0  1.4771    



EggLOED_Rainbow(lipid) b 3.0 0.4771    
       
a Cook et al. 2003     
b deBruyn et al. 2004     



Data from sablefish liver tissue.      
      
B. Critical values and probablity of exceeding benchmarks for TEQ (pg/g wet) in eggs. 
Wet Weigt (TEQ pg/g wet egg) Ship Reference     



log_mean  -0.5445 -0.5459     
log_stdev  0.0275 0.1304     



        
  Critical Z (CZ)  Probability 



  Ship Reference   Ship Reference 
Incremental 



Risk 
EggNOED_Rainbow 0.7851 0.1763  0.2162 0.4300 -0.2139 



EggNOED_Laketrout 45.1539 9.5472  0.0000 0.0000 0.0000 
EggLOED_Laketrout 73.4108 15.5153  0.0000 0.0000 0.0000 



       
C. Critical values and probablity of exceeding benchmark for TEQ (pg/g lipid) in eggs. 
Lipid Weight (TEQ pg/g lipid)  Ship Reference     



log_mean  0.418 0.416     
log_stdev  0.028 0.130     



      
  Critical Z (CZ)  Probability 



  Ship Reference   Ship Reference 
Incremental 



Risk 
EggLOED_Rainbow(lipid) 2.1499 0.4674  0.0158 0.3201 -0.3043 
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Figure 5-3. Probability of exceeding benchmarks of TEQ exposure calculated for sablefish eggs based on lipid 
(A) and wet weight (B) based on TEQs in sablefish liver tissue. 



The overall risk determined by the probability of exceeding benchmarks for Total PCBs showed 
very low risk of potentially harmful exposure to the deep sea pelagic community, negligible risk 
to sablefish from critical body residues of Total PCB, and negligible risk of harmful exposure to 
sharks from the consumption of prey (Table 5-6). The overall risk determined by the probability 
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of exceeding benchmarks for dioxin exposure in fish eggs showed medium to negligible risk of 
harmful TEQ exposure to rainbow trout eggs and low to negligible risk of harmful TEQ 
exposure to lake trout eggs. There was higher confidence in the conclusions for Total PCB than 
for TEQ simply because there was more data to evaluate toxicity to Total PCBs. 



Table 5-6. Summary of overall risk to the assessment endpoints determined by the probability of exceeding 
benchmarks for Total PCBs. 



  Risk of exceeding benchmark   



Endpoint Benchmark 
Overall Risk to 



Endpoint 
TSV Bcv Potentially Harmful PCB Exposure to Deep Sea 



Pelagic Community Medium Negligible 
Very Low 



        
NOED LOED Critical Body Residues of PCBs in Deep Sea Pelagic 



(Sablefish) Negligible Negligible 
Negligible 



        
NOAEL LOAEL Harmful PCB Exposure to Sharks from Consumption 



of Prey (Fish) Negligible Negligible 
Negligible 



        
        
 



5.5.3. Results of Exceeding Species Sensitivity Distribution for Effects of PCB 
Tissue Residues on Fish 



The probability of exceeding the Total PCB NOED and LOED critical body residue SSDs are 
plotted and calculated in Figure 4-3B and Figure 4-4B, respectively. The incremental risk of 
exceeding the NOED SSD was P = 0.02 and the incremental risk of exceeding the LOED SSD 
was P = 0.015. The results were interpreted to indicate that there was low risk (0.0100≤ P 
<0.1000) of critical body residue exposure in sablefish that could be attributed to the ex-
AGERHOLHM site. This provides a higher estimate of risk than was obtained from the 
probabilistic comparison to the single-point NOED and LOED benchmarks (see Section 5.5.2). 
This is due to the wider range of the cumulative distribution function estimated for critical body 
residues (i.e., the longer tail extending to the left that overlaps the exposure distribution Figure 
4-3 and Figure 4-4), and probably represents the upper bound of possible effects from critical 
body residue exposure. 



The probability of exceeding the TEQ NOED and LOED critical body residue SSDs based on 
muscle data are plotted and calculated in Figure 4-5B and Figure 4-6B, respectively and the 
probability of exceeding the TEQ NOED critical body residue SSD based on liver data is plotted 
and calculated in Figure 5-4. For the TEQs calculated based on the sablefish muscle data, the 
incremental risk of exceeding the TEQ NOED SSD was P = 0.06 and the incremental risk of 
exceeding the TEQ LOED SSD was P = 0.04. There was no overlap between the exposure 
distributions calculated based on sablefish liver tissue and the TEQ NOED SSD (Figure 5-4). 
The results were interpreted to indicate that there was low risk (0.0100≤ P <0.1000) of TEQ 
exposure to sablefish eggs and larvae that could be attributed to the ex-AGERHOLHM site. This 
was within the range of the risk estimate than was obtained from the probabilistic comparison to 
the single-point TEQ NOED and LOED benchmarks (see Section 5.5.2). 
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Figure 5-4. TEQ species sensitive distribution (SSD) of NOEDs for sac-fry larvae mortality and exposure 
distributions of TEQs based on sablefish liver tissue for reference and ship shown as cumulative distributions 
(A) and probability density functions (B). 



The broader implications of potential ecotoxicolgical risk from PCBs were evaluated by 
comparing the PCB exposure distributions to species sensitivity distributions (SSD) of effects 
from Total PCB critical body residues and TEQ effects to fish eggs and larvae. Based on the 
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incremental increase in the probability of an effect given the probability of exposure, there was 
low risk of effects from Total PCB critical body residues and TEQ effects to fish eggs and larvae 
that could be attributed to the ex-AGERHOLM site. 



5.5.4. Data Reliability 
The data for the sablefish were deemed to have good data reliability. The data meet data quality 
objectives for precision and accuracy, the data were verified by two different analytical methods, 
and the results were deemed to be of sufficient quality to assess potential impact to receptors. 
Although data were available from multiple cruises (temporal variability) and for both the ship 
and reference sites (spatial variability), data were limited by the fact that only the ex-
AGERHOLM site was studied. Therefore the overall confidence in the conclusions drawn was 
medium. 
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6.0. Uncertainty 



The purpose of this section is to summarize the sources of uncertainty, identify procedures and 
precautions taken to reduce uncertainty to the extent possible, and discuss the ramifications of 
uncertainty in the conclusions drawn from the risk characterization. This section provides a 
concise summary of major sources of uncertainty identified during the risk assessment. Specific 
sources of uncertainty were discussed earlier and are, therefore, not repeated here. 



6.1. Uncertainties About Assessing Toxicological Effects from 
Contaminants 



The major sources of uncertainty in the risk assessment arise from errors in assumptions, errors 
made during measurement activities, errors that occurred during analyses, and the natural 
variability in the components of the ecosystem that were studied. The sources of uncertainty in 
the ecorisk assessment include: 



• the assumptions that were implicit in the conceptual model used to formulate the 
assessment; 



• the uncertainty in interpreting critical values and benchmark concentrations; 
• complexities from the interaction among chemical, abiotic, and non-xenobiotic 



stressors; and 
• the uncertainties arising from the lack of data and toxicological information on key 



components of the assessment endpoint used in the risk assessment. 



6.2. Study Area 
There is uncertainty about whether the area selected for this study is representative of conditions 
found at other deep sea sinking sites that were created by SINKEX exercises. Firstly, the ex-
AGERHOLM site is much shallower ~2,500 ft deep than the typical SINKEX site which exceeds 
6,000 ft depth. Secondly, the assessment was conducted on the data that were available from the 
study of the ex-AGERHOLM and nearby reference locations (within 4 nm). Since only one site 
(the ex-AGERHOLM) was evaluated, it is impossible to determine whether the results are 
broadly applicable to other deep sea SINKEX sites or whether the results are wildly anomalous 
due to factors unique to the ex-AGERHOLM site. However, similar findings were reported for 
the shallow-water REEFEX study that showed higher levels of PCB exposure at the ex-
VERMILLION site than at a reference reef but at levels indicating low to negligible ecological 
effects (Johnston et al. 2005a). Additionally, the leach rate study provided empirical data on the 



As we know, 
There are known knowns. 
There are things we know we know.  
We also know 
There are known unknowns. 
That is to say 
We know there are some things 
We do not know. 
But there are also unknown unknowns, 
The ones we don't know we don't know.  



Donald H. Rumsfeld (2003) 
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upper bound of leaching from PCB-containing materials into the environment (George et al. 
2006, 2005). 



6.3. Contaminant Source Terms for ex-AGHERHOLM 
No direct data were available on the types and amounts of PCBs and other contaminants that 
were on the ex-AGERHOLM when she was sunk. Instead, PCB-containing materials on a “sister 
ship” the ex-LAW were used to estimate PCB-containing materials and concentrations that were 
on the ex-AGERHOLM (JJMA 1998). It was assumed that the contaminants, if present, were 
“typical” of contaminants left on ships prepared for SINKEX without any special precaution or 
attention paid to reducing potential risks from exposure to shipboard solid materials containing 
PCBs. 



6.4. Applicability of Assessment endpoints 
Based on existing toxicological data, receptor species for the deep-sea community were selected 
that were taxonomically similar to species for which toxicity data were available (or could be 
inferred) and that would most likely be sensitive to PCBs (and other SINKEX-related COPCs). 
Toxicological data were reviewed to identify available toxicological benchmarks that could be 
used to interpret whether exposure concentrations to the receptor species could be harmful. As 
was expected, toxicological data were not available for deep-sea organisms and the susceptibility 
of the receptor species to the COPCs had to be inferred or extrapolated from species used in 
toxicological tests and studies. Conservative assumptions were used to help assure that that the 
assessment did not underestimate potential risk (see Section 4.0, Effects Assessment). 



6.5. Applicability of Water Quality Criteria Benchmarks 
The TSV and BCV benchmarks were based on Water Quality Criteria (WQC). According to 
EPA’s Aquatic Life Criteria Guidelines Committee, which is responsible for developing the 
technical basis for national WQC, water quality criteria are considered to be protective of 95% of 
the species tested (or more precisely, of the genera tested). The standard WQC calculation results 
in a number that is designed to protect 95% of the species sensitivity distribution represented by 
the data set available. The assumption here is that the data set available is representative of the 
species sensitivity distribution of the potentially exposed aquatic community. To the degree that 
this assumption is true, WQC protect 95% of the species exposed. The data set is biased in two 
ways: 1) the species tested generally are among the more sensitive species that can be tested; and 
2) only species that can be tested are tested – species that are more difficult to maintain in the 
laboratory could be more sensitive than those actually tested. By implication, a sensitive species 
of particular value, or of particular importance to community and ecosystems dynamics (a 
"keystone" species), for which no toxicity test data exist, could be adversely affected at exposure 
concentrations lower than the WQC. 



6.6. Applicability of Critical Body Residue Benchmarks 
Critical body residues (CBR) are defined as the threshold concentration of a contaminant in the 
tissue of an organism above which adverse effects could occur (McCarty et al. 1992, Pabst 
1999). Data obtained from the ERED database were used to develop benchmarks for effects on 
reproduction, growth and development, mortality and survival. The benchmarks were based on 
adult or juvenile exposure, whole body concentration, and ingestion or absorption. In many 











 6-3



cases, data for freshwater fish were used to develop the benchmarks because of the paucity of 
data on marine organisms in general and deep-sea organisms in particular. The CBR benchmarks 
assumed that the tissue concentration causing adverse effects in an organism would be the same 
for both marine and freshwater organisms. This assumes that the differences between freshwater 
and saltwater criteria are due to differences in chemical uptake between freshwater and marine 
organism rather than differences in tissue concentrations that would cause adverse effects. 



6.7. Applicability of Dietary Benchmarks 
Toxicological benchmarks for PCBs in deep-sea sharks were developed using the ratio of food 
chain multiplier (FCMs) between TL4 (deep-sea predator, e.g. shark) and TL3 (deep-sea forager, 
e.g., prey = sablefish) obtained from US EPA (2000). The ratio between FCMs for TL4 and TL3 
gives the relative increase in contaminant concentrations between a shark and its prey, assuming 
all the shark’s dietary requirements came from TL3. This assumes that a steady state exists 
between the shark and its prey and that accumulation from the water through gill exchange 
would be negligible compared to contaminant uptake from food. The analysis also assumed that 
when sharks feed on TL4 prey the same FCM would be applicable. This is conservative because, 
generally FCM decreases for higher trophic levels US EPA (2000). 



6.8. Fish Sampling 
It is important to remember that the samples collected and analyzed in support of the SINKEX 
study are just that – samples taken from natural populations existing at the time of collection. 
There are at least three implications of this fact that are relevant to considerations of uncertainty: 
method bias, site bias, and species bias. 



The degree to which the sablefish fish samples adequately represented the deep-sea populations 
is a function primarily of the sampling (and analysis) design. Baited traps were used to collect 
the sablefish, which have known biases relative to the representativeness of the samples they 
collect. For example, the bait may attract organisms to the site and the cage will only collect 
organisms that can enter and not exit from the cage. The issue here is that the representativeness 
of the data sets is largely unknown and could not be evaluated without exhaustive sampling at 
the sites. It is an oversimplification to assume that sampling biases applied equally to the ship 
and reference sites, as the realization of any biases can be a function of the populations sampled 
themselves. To illustrate, if the distribution of the sizes of individual sablefish at one of the sites 
was skewed (relative to that of the other site) towards smaller sizes, the baited trap method 
would obtain more (and presumably larger) fish from the other site. Unquantified sampling bias 
is one reason why comparisons of fish sizes and abundances between sites is fairly meaningless 
in this study, but it also is a reason why appropriate control of covariates (such as size) was 
important when evaluating the similarities and differences in tissue residues, lipid content, and so 
on. 



Assuming that the samples adequately represent the natural populations present at the time of 
collection, the resulting data are only a “snapshot in time.” That is, the fish actually collected 
were those that survived (or benefited from) any potential toxicological and ecological processes 
that preceded sample collection. The tissue residue-based screening approaches controlled for 
this phenomenon to some extent by using conservative effects thresholds. It is also unknown as 
to how long the fish remained at the site they were caught. The deep ocean pelagic fish 
community is composed of extremely opportunistic feeders that will travel vast distances in their 
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search for food (i.e., baited traps). For example, one of the sablefish specimens collected from 
the ship site (5SX014.600) was found to have undigested corn in its gut, which presumably came 
from the research vessel’s galley! Since the fish were captured at the respective sites, it was 
assumed that they most likely represented the exposure conditions present at the site they were 
caught. 



6.9. Estimating Whole Body Tissue Concentrations 
In order to compare the sablefish data to the tissue residue benchmarks the sablefish data 
obtained from sablefish muscle and liver samples were converted into whole body residues. By 
assuming that the whole body concentration was proportional to lipid-based concentrations 
measured in the different tissues, an estimate of whole body concentration was obtained. The 
assumptions used in the whole-body calculations were reasonably conservative. The faction of 
lipids in liver, fraction of lipids in other tissues, and other conversion factors were reasonable 
and provided estimates of whole body:muscle concentrations that were comparable to values 
reported in the literature.  



6.10. Uncertainty about Tissue Benchmarks 
The main sources of uncertainty for the tissue benchmarks were the limited amount of data 
available, the uncertainty about the tissue benchmarks, the assumptions required to assess dietary 
exposure, and the applicability of reference data. Many of the tissue residue benchmarks were 
derived from toxicity data on freshwater species because toxicity data on deep-sea organisms are 
not available. The dietary benchmarks for sharks were based on prey consumption and direct 
ingestion of surface water and sediment were not included. It was assumed that exposure from 
incidental contact with sediment would be negligible for sharks in the deep-sea environment. 



6.11. Uncertainty about Risk from Dixon-like Toxicity 
Data from dioxin-like coplanar congeners were multiplied by the respective TEFs to calculate 
TEQs for fish eggs and to assess dietary exposure to birds and mammals. Because no data were 
available for PCB081, PCB156, and PCB157 in some (or all) of the samples the concentrations 
of these congeners were estimated assuming that they were proportional to similar congeners that 
were measured using empirical ratios reported in the literature. The maternal transfer of PCBs 
from sablefish to egg was also assumed to be proportional to the transfer ratios reported for trout. 
The dioxin-like TEFs and TEQ benchmarks were also assumed to be applicable to fish, birds, 
and mammals foraging at the site. The potential risk estimated from TEQ exposure to fish eggs 
were based only on dioxin-like toxicity from PCBs and did not take into account any additional 
toxicity from the possible presence of dioxins and furans.  



The most toxic dioxin-like PCB congener, PCB126, was not detected in any of the leachrate 
studies of the materials expected to be on ex-AGERHOLM for either the shallow water (George 
et al. 2006) or deep water (George et al. 2005) leaching tests. Since PCB126 accounted for 60-
90% of the TEQ present in the sablefish tissue, this raises serious questions about whether the 
PCB126 levels measured in the sablefish and potential TEQ effects inferred from PCB126 
concentrations, had anything to do with PCBs in solid materials onboard the ex-AGERHOLM. 
Additionally, PCB077, which accounted for 5-20% of the TEQ, was also not detected in the 
deep-water leachrate studies, while PCB118 which accounted for 1-5% of the TEQ, was detected 
in the leachrate study (George et al. 2005). The concentrations of PCB126 were statistically 
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(nonparameteric Kruskal-Wallis Χ2) higher in sablefish from the ship site than from the 
reference site (p = 0.0058), while PCB077 and PCB118 were not statistically different (p>0.05) 
between sites. 



There is a wide range of sensitively to dioxins among fish (Gatehouse 2004). The benchmarks 
used in this analysis were based on data available for the most sensitive fish (salmonids, 
Gatehouse 2004) and it was assumed that these benchmarks would not underestimate the 
potential risk to deep-sea receptors. 



6.12. Probability of Exceeding Effects Level 
The objective of the probabilistic analysis was to calculate the probability that harmful exposures 
would occur to better quantify the magnitude of ecorisk indicated by the available data. The 
conclusions drawn from the probabilistic analysis must factor in the assumptions and 
uncertainties associated with the limited data available and the ecological effects benchmarks 
discussed above. The exposure distribution calculated from the reference fish was assumed to 
represent the exposure that would be present in the absence of a ship and the difference between 
the ship and reference distributions was interpreted to represent the incremental increase in 
exposure attributed to the sunken ship (risk). The probability of exceeding the benchmarks for 
PCBs was calculated for the reference and ship populations and the difference between ship and 
reference (Equation [29]) was interpreted as the incremental risk of exceeding the benchmarks 
(Table 4-1, Figure 5-1, Figure 5-2, and Figure 5-3). Arbitrary cutoff values for interpreting the 
incremental risk of exceeding a benchmark or an effects distribution were defined using a 
geometric progression (10-4, 10-2, 10-1, 10-½, 10-¼, 10-1/8). These values provided a relative 
ranking for the level of risk indicated by the data. At this writing the ranking has not yet been 
reviewed and agreed to by the REEFEX/SINKEX Technical Working Group. 



The probabilistic analysis quantified the potential level of risk to ecological receptors based on 
the benchmarks and available data. The overall risk was determined from the combination of risk 
levels calculated for exceeding the conservative benchmark (i.e., TSV, NOED, and NOAEL) and 
the less conservative benchmark (i.e., BCV, LOED, and LOAEL). The probability of exceeding 
the TEQ benchmarks was used to assess the potential risk of exposure to dioxin-like congeners. 



6.13. Probability of Exceeding Species Sensitivity Distribution 
The broader implication of potential ecotoxicolgical risk from PCBs was evaluated by comparing 
the PCB exposure distribution in sablefish to a species sensitivity distribution (SSD) for critical 
body residues in fish tissue and TEQ effects to sac-fry larvae, the most sensitivity benchmark for 
which species sensitivity data were available. By assuming that the toxicity data reported in 
Gatehouse (2004) conformed to a lognormal distribution, an SSD for “No Effect” (NOED) and 
“Low Effect” (LOED) to sac fry growth, development, and survival from exposure to dioxin 
TEQ in fish eggs was calculated to compare to the distribution of TEQ concentrations estimated 
for eggs from the supplemental fish data. It was assumed that the exposure and effects 
distributions conformed to lognormal distributions. This is conservative because the lognormal 
distribution for exposure has a long tail on the upper end that extends toward the lower tail of the 
effects distribution without the apparent threshold that is implied by a single point benchmark. 
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7.0. Summary and Conclusions 
The potential ecological risk of PCBs released from ex-AGERHOLM was assessed using tissue 
residue data obtained from sablefish collected from the ship and reference locations. The analysis 
provides a supplemental line of evidence for potential ecological effects from PCBs that could 
have been released from the ship. The risk determination was based on evidence of potential 
ecological harm, evidence of exceeding reference levels, and the degree to which data were 
available to support the assessment. Tissue residue benchmarks were developed to evaluate 
potential effects from exposure to Total PCBs as well as exposure to dioxin-like coplanar PCB 
congeners using toxicity equivalent quotients (TEQs). 



Two methods were used to measure PCB concentrations in the sablefish samples, ECD and SIM. 
The methods resulted in similar detection limits, had similar accuracy for SRM samples, and 
obtained similar results for field samples analyzed by both methods. Based on the highly 
significant regression between the sum of congeners measured by ECD (sumECD) and sum of 
homologues measured by SIM (Total PCB), Total PCB levels were predicted using the sumECD 
data for samples that did not have direct measurements of Total PCB by SIM. 



The exposure assessment found that sablefish sampled from the ex-AGERHOLM (ship) site had 
statistically higher concentrations (by a factor of 1.4-1.5) of PCBs than sablefish sampled from 
reference locations about 4 nm away from the ship. Sablefish from the ship site were similar in 
length to sablefish from the reference locations, but the reference sablefish were 20% heavier by 
than sablefish from the ship site. There was no relationship between weight or length and Total 
PCB and sablefish from both sites had similar dry weight and lipid content. The distribution of 
congeners and homologs measured in the sablefish from both sites were very similar, the main 
difference was that congeners and homologs in sablefish from the ship site were about 1.5 times 
higher than levels measured in sablefish from the reference locations. While TEQ levels 
calculated for the ship site were higher than reference, there were no statistically significant 
differences between sites. 



Tissue residue benchmarks were developed to evaluate potential effects from exposure to Total 
PCBs as well as exposure to dioxin-like coplanar PCB congeners (TEQ). The benchmarks for 
Total PCB were based on the tissue screening value (TSV), bioaccumulation critical value (BCV), 
critical body residues, and dietary exposure to sharks. These benchmarks (Table 4-1) are 
chemical residue thresholds at or below which adverse toxicological effects would not be 
expected. To further address the ecotoxicological risk of exposure to PCBs, the potential toxicity 
from dioxin-like coplanar congeners was evaluated and a probabilistic analysis of PCB exposure 
conducted. Species sensitivity distributions (SSDs) of effects from critical body residues of 
PCBs in fish and effects of dioxin-like PCB congener exposure to fish eggs were also used to 
determine the probability of an effect to those endpoints. 



The initial comparison of sablefish data to tissue residue benchmarks showed that there was low 
risk of exposure to primary and secondary consumers in the deep-sea pelagic community 
because Total PCBs in sablefish from the ship site were significantly higher than reference and 
three samples from the ship sites exceeded the conservative TSV benchmark. No sample 
exceeded any of the less conservative benchmarks suggesting it was unlikely that exposure 
would be harmful. 
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The overall risk determined by the probability of exceeding benchmarks for Total PCBs showed 
very low risk of potentially harmful exposure to the deep sea pelagic community, negligible risk 
to sablefish from critical body residues of Total PCB, and negligible risk of harmful exposure to 
sharks from the consumption of prey (Table 5-6). The overall risk determined by the probability 
of exceeding benchmarks for dioxin exposure in fish eggs showed medium to negligible risk of 
harmful TEQ exposure to rainbow trout eggs and low to negligible risk of harmful TEQ 
exposure to lake trout eggs. There was higher confidence in the conclusions for Total PCB than 
for TEQ simply because there was more data to evaluate toxicity to Total PCBs. 



The broader implications of potential ecotoxicolgical risk from PCBs were evaluated by 
comparing the PCB exposure distributions to species sensitivity distributions (SSD) of effects 
from Total PCB critical body residues and TEQ effects to fish eggs and larvae. Based on the 
incremental increase in the probability of an effect given the probability of exposure, there was 
low risk of effects from Total PCB critical body residues and TEQ effects to fish eggs and larvae 
that could be attributed to the ex-AGERHOLM site (Table 7-1). 



Table 7-1. Summary of overall risk to the assessment endpoints determined by the probability of exceeding 
effects levels for dioxin exposure in fish eggs. 



 Risk of exceeding benchmark  



Endpoint Benchmark 
Overall Risk to 



Endpoint 
NOAEL LOAEL 



Muscle - Medium Muscle - Medium Harmful TEQ Exposure to Fish Eggs 
(Rainbow trout) Liver - Negligible Liver - Negligible 



Medium to Negligible



    
NOAEL LOAEL 



Muscle - Medium Muscle - Low Harmful TEQ Exposure to Fish Eggs 
(Lake Trout) Liver - Negligible Liver - Negligible 



Low to   Negligible 



    
    
 
In this study there was a large amount of uncertainty in using data from single sunken ship (the 
ex-AGERHOLM) to infer risks that could occur at other (or future) SINKEX sites. That sunken 
ship reefs afford ecologically beneficial habitat for reef organisms has been fairly well 
established (Jones and Welsford 1997, California Coastal Commission 2000a, 2000b, Bell 2001, 
Hess et al. 2001, Arena et al. 2002, Hynes et al. 2004, see also the Artificial Reef Society of 
British Columbia8 and the San Diego Oceans Foundation9 websites for more information). 
Whether the ecological and economic benefits afforded by SINKEX operations are offset by the 
potential release of contamination is the key risk management question. The low to negligible 
risks from contamination from sunken ships inferred from the sablefish data do not indicate 
unreasonable risk from SINKEXs. This conclusion does not lack uncertainty. Uncertainty is 
reflected in the confidence of the conclusions. There was medium confidence of negligible to 
low risk of exposure to PCBs because direct sampling and analysis for PCBs was conducted for 
the assessment, but only one SINKEX site was studied. 



While uncertainty is attributed to the individual measures, independent lines of evidence that 
support the conclusion bolster confidence. One may be quite certain of the results from a 
                                                 
8 http://www.artificialreef.bc.ca/ 
9 http://www.sdoceans.org/programs/index.php 
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particular measure but not very confident about the conclusions drawn from a single line of 
evidence. When the conclusion is based on many lines of evidence, the confidence in the 
conclusion will be higher even though the overall uncertainty will increase from the uncertainties 
associated with the individual measures (Johnston et al. 2002). Due to the conservative estimates 
used in this analysis, it is very unlikely that potential risks were underestimated. 



 



Tomahawk missile strike on the ex-AGERHOLM (source: 
http://freepages.military.rootsweb.com/~banyantree/album8.html) 
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Appendix A. Raw data for concentrations of congeners measured in sablefish muscle by ECD and SIM and homologues measured by SIM. (Shaded cells are DL/2)



SAMPLE 2SX0070 2SX0071 2SX0066 2SX0067 2SX0074 2SX0076 2SX0077 2SX0078 2SX0079
Group reference ship ship ship ship ship



Species A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria
SEX Female Female Male Female nr nr
Length cm 510 490 485 498 487 480
Weight g 1530 1260 1358 1420 1480 1280



MEDIUM Muscle Muscle Muscle Muscle Muscle Muscle
% Dry 30.5 33.9 31.7 30.5 31.5 30.1 28.6 32.9 31.5
%lipid:wet 16.6 21.2 14.5 15.3 16.1 14.6 14.5 19.5 16.6
%Lipid:Dry 54.3 62.6 45.8 50.0 51.0 48.6 50.6 59.4 52.8
Method ECD ECD SIM ECD ECD ECD SIM ECD ECD ECD ECD ECD SIM ECD ECD
PCB08 0.20 0.55 0.28 0.18 0.19 0.55 0.29 0.40 0.19 0.20 0.34 1.05 0.50 0.20 0.24
PCB18 0.88 0.63 0.49 0.75 0.25 0.46 0.50 0.22 0.66 0.67 0.87 0.89 0.90 1.00 0.62
PCB28 1.30 1.00 1.60 1.10 0.91 0.92 1.70 0.50 1.20 0.92 1.10 1.60 2.10 1.60 0.88
PCB44 2.80 2.30 1.70 2.00 2.10 1.90 1.80 1.00 2.60 1.90 2.10 1.70 1.50 2.60 1.50
PCB49 4.80 4.00 3.00 3.70 4.40 3.60 2.90 2.20 3.50 3.20 3.00 3.00 1.90 3.70 2.70
PCB52 6.80 6.30 4.60 6.10 4.50 4.50 3.90 3.20 5.80 4.60 5.20 3.90 3.70 7.60 4.20
PCB66 11.00 9.20 7.20 8.90 10.00 11.00 10.00 0.70 5.40 5.80 6.20 3.40 4.40 6.30 5.80
PCB77 20.00 0.70 0.50 15.00 16.00 0.70 0.55 45.00 14.00 9.70 17.00 1.30 1.00 16.00 11.00
PCB87 17.00 17.00 11.00 9.60 18.00 19.00 16.00 7.60 7.70 8.80 6.50 7.20 4.80 7.40 7.60
PCB101 43.00 40.00 34.00 28.00 47.00 51.00 49.00 23.00 24.00 26.00 20.00 18.00 13.00 26.00 21.00
PCB105 30.00 27.00 23.00 18.00 32.00 33.00 30.00 9.00 11.00 16.00 9.70 10.00 5.10 12.00 13.00
PCB118 78.00 66.00 59.00 47.00 77.00 82.00 86.00 29.00 31.00 43.00 28.00 22.00 17.00 40.00 32.00
PCB126 5.00 0.55 0.85 2.90 0.36 0.60 0.90 20.00 5.50 0.38 0.65 1.10 1.60 3.60 1.80
PCB128 6.60 24.00 17.00 2.50 5.80 24.00 21.00 18.00 1.70 3.30 2.40 9.30 4.70 2.50 2.10
PCB138 120.00 120.00 95.00 73.00 120.00 130.00 120.00 54.00 45.00 89.00 42.00 42.00 26.00 73.00 51.00
PCB153 130.00 120.00 140.00 78.00 120.00 140.00 170.00 75.00 52.00 98.00 46.00 45.00 40.00 83.00 56.00
PCB156 20.00 14.00 8.20 11.00 20.00 14.00 11.00 6.00 7.30 13.00 6.40 4.60 3.50 13.00 8.30
PCB157
PCB167
PCB169 1.30 0.34 0.80 0.90 0.72 0.36 0.85 0.60 1.30 0.73 1.20 0.65 1.50 0.98 0.47
PCB170 41.00 26.00 19.00 18.00 44.00 28.00 26.00 12.00 15.00 23.00 12.00 7.00 6.10 21.00 16.00
PCB180 76.00 93.00 66.00 38.00 69.00 94.00 83.00 32.00 25.00 54.00 21.00 39.00 14.00 40.00 26.00
PCB183 23.00 37.00 16.00 12.00 22.00 35.00 17.00 9.60 8.60 18.00 7.00 8.60 3.70 12.00 8.70
PCB184 7.60 0.24 0.44 7.20 5.20 0.25 0.46 5.60 5.20 4.10 4.90 0.45 1.60 6.70 4.30
PCB187 42.00 45.00 34.00 25.00 45.00 51.00 46.00 22.00 21.00 34.00 16.00 16.00 10.00 31.00 19.00
PCB189
PCB195 4.60 3.80 3.30 1.90 4.90 4.20 4.10 1.60 1.50 2.40 1.10 1.30 0.95 1.30 1.40
PCB206 6.90 6.20 4.60 2.60 6.20 6.40 5.40 2.80 2.00 2.80 3.30 2.60 2.30 1.70 1.80
PCB209 4.00 2.80 0.95 1.10 5.20 3.80 3.20 1.40 0.89 1.10 0.78 0.69 1.80 0.67 0.73
Sum Congers 703.78 667.61 552.51 414.43 680.73 740.24 711.55 382.42 299.04 464.60 264.74 252.33 173.65 414.85 298.14
Homologs
Mono
Di 0.31 0.32 0.60
Tri 0.31 2.10 0.60
Tetra 59.00 68.00 44.00
Penta 300.00 560.00 150.00
Hexa 580.00 740.00 200.00
Hepta 240.00 340.00 160.00
Octa 34.00 130.00 0.60
Nona 0.31 19.00 0.60
Deca 0.95 3.20 1.80
totalPCB 1213.00 1862.62 554.00
tPCB 1444.90 1369.76 877.99 1398.56 1511.92 811.31 651.88 975.51 583.10 551.81 879.17 650.02
tPCB/Lipid 2660.97 1866.16 1652.59 1402.54 3053.64 2458.40 3028.65 1622.63 1278.19 2007.22 1152.38 919.68 923.33 1480.08 1231.09
Aroclors
A1221
A1232
A1242
A1248
A1254 910 430 520.00 570 840 530 680 190 430 620 350 150 190 590 380
A1260 870 760 470 460 770 850 620 250 330 560 290 300 150 470 330
A1262
A1268
AroclorDL/2 6 2.9 60 5.5 6 3.05 60 12.5 6 6 10.5 5.5 110 5.5 7.5
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Appendix A. Raw data for concentrations of congeners measured in sablefish muscle by ECD and SIM and homologues measured by SIM. (Shaded cells are DL/2)



SAMPLE
Group



Species
SEX
Length cm
Weight g



MEDIUM
% Dry
%lipid:wet
%Lipid:Dry 
Method
PCB08
PCB18
PCB28
PCB44
PCB49
PCB52
PCB66
PCB77
PCB87
PCB101
PCB105
PCB118
PCB126
PCB128
PCB138
PCB153
PCB156
PCB157
PCB167
PCB169
PCB170
PCB180
PCB183
PCB184
PCB187
PCB189
PCB195
PCB206
PCB209
Sum Congers
Homologs
Mono
Di
Tri
Tetra
Penta
Hexa
Hepta
Octa
Nona
Deca
totalPCB
tPCB
tPCB/Lipid
Aroclors
A1221
A1232
A1242
A1248
A1254
A1260
A1262
A1268
AroclorDL/2



A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria



ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM
0.60 0.26 0.55 0.23 12.00 0.12 0.38 0.16 0.36 0.16 0.36 0.15 0.36 0.15 0.25 0.35 0.55 0.37
0.63 0.46 0.65 0.41 0.18 0.20 0.25 0.28 0.24 0.27 0.23 0.27 0.23 0.27 1.30 0.60 0.93 0.65
1.10 1.70 1.40 2.20 2.60 1.30 0.85 0.81 0.69 0.86 0.83 1.60 1.00 1.60 1.00 0.96 1.40 1.20
1.10 0.55 1.50 1.80 1.80 1.60 1.90 1.00 1.90 0.82 2.10 1.20 2.40 1.20 2.20 1.20 3.00 1.30
2.40 2.40 2.90 2.40 1.60 1.40 2.00 1.60 1.90 1.80 1.90 1.80 2.00 2.00 1.60 1.40 1.90 1.60
5.50 4.20 5.70 4.00 2.90 3.20 3.00 2.50 3.20 3.00 3.40 2.80 3.90 3.10 3.30 2.30 4.20 2.60



17.00 10.00 10.00 7.00 2.20 5.20 4.50 4.10 4.30 4.70 5.40 4.30 4.40 4.10 7.00 2.60 6.20 2.60
0.90 0.48 0.80 0.43 0.39 0.21 0.55 0.30 0.50 0.28 0.50 0.28 0.50 0.28 9.80 0.65 8.30 0.70



28.00 22.00 14.00 10.00 0.49 7.40 7.00 6.50 7.10 6.10 5.90 5.90 5.50 5.30 4.70 3.70 3.60 3.30
81.00 70.00 44.00 33.00 19.00 22.00 22.00 17.00 22.00 18.00 19.00 16.00 18.00 14.00 14.00 11.00 12.00 10.00
83.00 73.00 24.00 17.00 4.80 12.00 5.90 8.30 5.80 9.20 4.80 7.60 3.60 7.20 5.20 5.20 3.90 3.20



150.00 180.00 57.00 54.00 21.00 34.00 26.00 24.00 25.00 25.00 23.00 23.00 24.00 23.00 14.00 14.00 12.00 11.00
0.56 0.80 0.25 0.70 1.20 0.34 0.18 0.48 0.17 0.46 0.17 0.46 0.16 0.45 0.10 1.05 0.10 1.10



52.00 49.00 21.00 14.00 8.30 11.00 8.50 5.10 8.60 5.80 8.90 5.90 9.60 4.60 4.40 5.00 2.80 2.30
250.00 250.00 110.00 85.00 50.00 56.00 44.00 36.00 42.00 36.00 39.00 37.00 38.00 32.00 24.00 23.00 16.00 17.00
260.00 290.00 130.00 120.00 62.00 84.00 59.00 52.00 56.00 53.00 55.00 51.00 52.00 46.00 28.00 36.00 22.00 26.00



29.00 24.00 12.00 8.40 0.14 4.80 0.20 2.90 0.19 3.50 0.19 3.50 0.19 2.50 1.70 2.20 1.20 1.60
0.55 2.50 0.32 0.33 0.32 0.32 0.32 0.70 0.84
9.00 3.70 1.90 1.10 1.20 1.50 1.30 1.00 0.75



0.34 0.75 0.30 0.65 0.86 0.32 0.21 0.46 0.20 0.44 0.20 0.43 0.20 0.43 0.12 1.00 0.12 1.05
54.00 48.00 26.00 20.00 12.00 14.00 6.40 6.30 5.70 6.10 7.70 7.60 5.40 6.30 3.90 4.00 3.60 3.50



120.00 110.00 67.00 55.00 35.00 43.00 22.00 18.00 28.00 19.00 23.00 21.00 17.00 17.00 11.00 13.00 7.90 9.00
43.00 30.00 27.00 15.00 8.90 11.00 5.30 5.00 4.70 4.70 8.90 5.10 3.70 4.60 4.10 3.50 2.60 3.60



0.26 0.41 0.23 0.36 0.11 0.18 0.16 0.25 0.15 0.24 0.15 0.24 0.15 0.24 0.09 0.55 0.09 0.55
72.00 61.00 37.00 32.00 20.00 26.00 15.00 12.00 15.00 14.00 12.00 9.60 14.00 12.00 11.00 10.00 7.60 8.00



0.55 0.48 0.24 0.33 0.32 0.32 0.32 0.70 0.75
12.00 9.10 4.40 0.42 2.70 0.20 1.40 0.28 1.40 0.28 1.60 0.27 1.10 0.27 1.70 0.60 1.40 0.65
11.00 9.90 4.90 1.00 3.20 2.30 1.60 0.70 1.50 0.65 1.80 1.10 1.40 0.65 0.84 1.50 0.79 1.60



3.90 3.00 1.80 0.80 0.82 1.30 0.52 0.55 0.56 0.50 0.60 0.62 0.45 0.50 0.18 1.20 0.19 1.25
1279.29 1261.10 604.38 492.46 274.19 345.53 238.80 208.33 237.16 216.70 226.63 210.86 209.24 191.68 155.48 148.96 124.37 118.06



0.55 0.48 0.24 0.33 0.32 0.32 0.31 0.70 0.75
0.55 0.48 0.24 0.33 0.32 0.32 0.31 0.70 0.75
2.00 2.30 1.20 1.50 1.80 1.30 1.60 1.00 1.20



65.00 68.00 38.00 39.00 45.00 44.00 35.00 26.00 31.00
540.00 230.00 170.00 140.00 160.00 130.00 120.00 94.00 71.00



1000.00 440.00 250.00 250.00 250.00 210.00 190.00 180.00 110.00
480.00 220.00 160.00 87.00 99.00 73.00 79.00 88.00 66.00
130.00 86.00 37.00 8.10 8.40 9.10 24.00 11.00 6.60



9.20 0.48 10.00 0.33 0.32 0.32 0.31 0.70 0.75
3.00 0.80 1.30 0.55 0.50 0.62 0.50 1.20 1.25



2229.20 1046.30 667.50 525.60 564.20 468.02 449.60 400.00 285.80
2567.74 1246.36 600.99 530.43 527.45 506.84 472.79 370.35 309.39
3689.28 2003.79 1018.63 1131.36 869.56 861.64 907.84 971.08 850.41 785.27 882.07 838.81 709.48 766.28 579.39 535.21



1400 510 390 230 230 210 200 170 130
830 430 400 120 130 120 110 110 85
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Appendix A. Raw data for concentrations of congeners measured in sablefish muscle by ECD and SIM and homologues measured by SIM. (Shaded cells are DL/2)



SAMPLE
Group



Species
SEX
Length cm
Weight g



MEDIUM
% Dry
%lipid:wet
%Lipid:Dry 
Method
PCB08
PCB18
PCB28
PCB44
PCB49
PCB52
PCB66
PCB77
PCB87
PCB101
PCB105
PCB118
PCB126
PCB128
PCB138
PCB153
PCB156
PCB157
PCB167
PCB169
PCB170
PCB180
PCB183
PCB184
PCB187
PCB189
PCB195
PCB206
PCB209
Sum Congers
Homologs
Mono
Di
Tri
Tetra
Penta
Hexa
Hepta
Octa
Nona
Deca
totalPCB
tPCB
tPCB/Lipid
Aroclors
A1221
A1232
A1242
A1248
A1254
A1260
A1262
A1268
AroclorDL/2



A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria



ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM
0.36 0.16 0.34 0.15 1.10 0.49 0.78 0.45 3.00 0.08 1.00 0.10 0.90 0.36 0.83 0.11
0.24 0.27 0.22 0.26 0.90 0.85 0.99 0.80 1.50 0.14 1.50 0.17 0.67 0.65 2.00 0.20
1.00 1.60 0.94 1.10 1.50 1.60 1.50 1.40 1.30 1.40 1.20 1.10 1.00 1.20 1.30 1.40
2.00 1.10 2.10 0.88 3.20 1.00 2.30 1.50 2.50 1.20 3.00 1.30 2.60 1.60 3.10 1.20
2.70 2.30 2.10 1.80 2.60 2.20 2.40 2.20 1.70 1.30 1.70 1.70 2.10 2.20 2.00 1.70
4.80 4.00 3.70 3.10 5.00 3.30 5.00 3.40 3.80 2.80 3.80 2.40 4.20 3.30 4.20 3.10
7.40 7.10 5.50 4.20 10.00 4.30 8.80 4.00 5.60 3.40 6.60 2.60 11.00 6.10 8.00 3.60
0.50 0.29 0.49 0.27 12.00 0.90 10.00 0.80 7.90 0.15 0.34 0.18 12.00 0.65 0.38 0.21
7.80 7.20 7.10 5.40 9.00 6.70 7.50 6.40 5.00 4.10 3.90 2.90 12.00 12.00 5.90 4.30



26.00 22.00 21.00 15.00 23.00 18.00 23.00 19.00 14.00 11.00 12.00 8.80 35.00 36.00 18.00 15.00
8.70 12.00 7.70 9.40 12.00 11.00 11.00 11.00 6.20 6.90 4.10 4.40 25.00 34.00 6.30 6.60



34.00 35.00 29.00 29.00 31.00 32.00 30.00 32.00 18.00 19.00 12.00 12.00 57.00 85.00 19.00 20.00
0.17 0.46 0.16 0.43 0.13 1.45 0.12 1.35 0.09 0.25 0.11 0.00 0.10 1.10 0.12 0.33



12.00 8.00 11.00 7.40 9.40 11.00 9.80 10.00 4.70 5.00 2.50 2.80 21.00 31.00 6.10 6.00
58.00 50.00 51.00 46.00 54.00 57.00 55.00 60.00 26.00 28.00 17.00 15.00 150.00 180.00 38.00 37.00
74.00 78.00 69.00 68.00 62.00 80.00 61.00 84.00 30.00 41.00 20.00 23.00 160.00 240.00 42.00 57.00



0.19 4.50 0.18 3.60 5.20 4.10 5.20 4.70 2.00 2.50 0.94 1.20 14.00 14.00 2.40 2.20
0.84 0.30 1.00 0.90 0.17 0.20 0.75 0.54
2.10 2.40 1.00 0.90 1.50 0.76 5.00 1.10



0.20 0.44 0.19 0.41 0.16 1.40 0.15 1.25 0.11 0.23 0.13 0.28 0.12 1.00 0.14 0.32
8.00 8.20 8.20 7.20 12.00 11.00 12.00 11.00 5.50 5.80 3.20 3.10 26.00 32.00 6.30 5.70



23.00 28.00 34.00 27.00 30.00 32.00 34.00 34.00 13.00 16.00 7.80 8.00 72.00 100.00 21.00 21.00
4.80 6.80 17.00 6.60 12.00 8.20 13.00 8.70 7.90 4.40 5.60 2.50 23.00 24.00 8.80 5.40
0.15 0.24 0.14 0.23 0.12 0.75 0.11 0.70 0.08 0.13 0.10 0.16 0.09 0.55 0.11 0.17



20.00 21.00 17.00 15.00 21.00 21.00 21.00 20.00 10.00 10.00 7.20 6.70 40.00 59.00 17.00 18.00
0.65 0.30 1.00 0.90 0.17 0.20 0.75 0.23



1.20 0.50 1.80 0.26 5.30 0.90 5.30 0.80 2.40 1.20 1.50 0.18 11.00 4.60 3.50 0.20
1.50 1.60 2.00 2.20 2.20 2.10 1.90 1.90 1.10 1.40 0.89 0.43 4.30 3.80 1.50 1.10
0.52 0.72 0.68 0.71 0.50 1.70 0.56 1.50 0.34 0.45 0.17 0.34 1.30 1.60 0.39 0.52



299.23 305.07 292.53 258.58 325.31 317.94 322.41 325.55 173.72 169.65 118.26 102.48 686.37 882.21 218.37 214.21



0.32 0.30 1.00 0.90 0.17 0.20 0.75 0.23
0.32 0.30 1.00 0.90 0.17 0.20 0.75 0.23
1.60 1.50 1.80 1.70 1.80 1.30 1.20 1.50



42.00 39.00 39.00 40.00 24.00 21.00 52.00 27.00
180.00 140.00 150.00 160.00 75.00 51.00 300.00 80.00
280.00 280.00 330.00 340.00 120.00 74.00 910.00 160.00
110.00 120.00 170.00 170.00 61.00 41.00 380.00 94.00



22.00 24.00 21.00 20.00 25.00 18.00 84.00 28.00
2.60 14.00 1.00 0.90 5.10 4.40 24.00 4.40
0.72 0.71 1.70 1.50 0.45 0.34 1.60 0.52



638.92 619.21 711.80 731.70 312.35 210.70 1752.80 395.42
649.07 636.14 702.92 697.30 406.15 296.74 1410.60 492.71



1072.85 1056.07 1131.93 1101.80 1306.54 1323.05 1452.70 1524.38 686.06 527.62 511.61 363.28 2712.68 3370.77 828.09 664.57



310 250 320 320 230 150 690 270
200 150 220 230 140 80 620 200



85 80 270 245 44.5 55 200 60
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Appendix A. Raw data for concentrations of congeners measured in sablefish muscle by ECD and SIM and homologues measured by SIM. (Shaded cells are DL/2)



SAMPLE
Group



Species
SEX
Length cm
Weight g



MEDIUM
% Dry
%lipid:wet
%Lipid:Dry 
Method
PCB08
PCB18
PCB28
PCB44
PCB49
PCB52
PCB66
PCB77
PCB87
PCB101
PCB105
PCB118
PCB126
PCB128
PCB138
PCB153
PCB156
PCB157
PCB167
PCB169
PCB170
PCB180
PCB183
PCB184
PCB187
PCB189
PCB195
PCB206
PCB209
Sum Congers
Homologs
Mono
Di
Tri
Tetra
Penta
Hexa
Hepta
Octa
Nona
Deca
totalPCB
tPCB
tPCB/Lipid
Aroclors
A1221
A1232
A1242
A1248
A1254
A1260
A1262
A1268
AroclorDL/2



A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria



ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM ECD SIM
0.42 0.40 0.25 0.45 0.24 0.41 0.35 0.39 0.58 0.10 1.70 1.20 0.78 0.44 0.80 0.43 0.92 0.40
0.77 0.70 0.94 0.80 0.84 0.70 0.75 0.70 1.40 0.17 0.98 1.90 1.60 0.75 1.10 0.75 0.99 0.70
1.10 1.30 1.50 1.40 1.50 2.10 1.80 1.80 1.10 1.20 0.95 2.20 2.00 0.85 0.90 0.85 1.20 1.20
3.00 0.85 2.40 1.20 3.90 2.70 4.20 0.85 2.00 1.20 1.80 2.80 2.70 0.95 2.00 0.95 2.50 0.85
1.50 1.70 2.00 2.10 2.60 3.30 2.60 2.40 1.60 1.60 1.80 3.00 1.30 2.00 1.90 1.10 1.70 1.00
3.30 2.60 4.40 3.90 6.00 5.20 5.20 3.50 3.40 2.90 4.00 3.80 3.60 3.40 3.80 2.90 3.70 0.41
6.60 3.10 6.80 3.60 14.00 7.00 9.10 4.00 6.30 3.30 9.60 5.80 6.00 3.40 8.30 3.80 5.90 3.00
9.50 0.70 7.70 0.80 12.00 0.75 13.00 0.70 0.33 0.18 16.00 0.80 5.10 0.80 9.70 0.80 8.40 0.75
4.70 3.70 5.40 5.10 7.40 7.30 6.60 6.40 4.40 4.20 14.00 14.00 4.10 1.20 8.70 6.90 4.80 1.10



16.00 14.00 17.00 13.00 35.00 31.00 20.00 16.00 16.00 14.00 37.00 36.00 12.00 8.40 23.00 17.00 13.00 10.00
6.80 7.70 4.90 6.20 11.00 15.00 8.20 7.10 5.80 6.40 20.00 24.00 4.30 0.90 11.00 7.20 5.10 5.30



17.00 18.00 16.00 19.00 34.00 39.00 20.00 19.00 16.00 19.00 51.00 57.00 11.00 9.10 26.00 26.00 14.00 13.00
0.11 1.20 0.12 1.35 0.11 1.20 0.11 1.15 0.11 0.29 0.12 1.35 0.12 1.30 0.12 1.30 0.11 1.20
4.80 5.30 4.20 6.40 13.00 16.00 5.50 5.00 4.90 5.30 18.00 20.00 3.40 0.95 8.40 11.00 3.80 0.85



26.00 25.00 27.00 30.00 81.00 110.00 31.00 24.00 29.00 31.00 87.00 100.00 24.00 22.00 46.00 40.00 22.00 19.00
31.00 40.00 33.00 46.00 94.00 180.00 36.00 35.00 32.00 44.00 93.00 130.00 30.00 24.00 52.00 58.00 25.00 28.00



2.50 2.30 1.90 1.15 2.60 3.90 3.00 1.00 2.10 2.10 11.00 10.00 1.20 1.15 4.00 1.10 2.00 1.05
0.80 0.90 0.85 0.80 0.42 0.90 0.90 0.90 0.80
0.80 0.90 2.30 0.80 1.20 4.00 0.90 0.90 0.80



0.13 1.10 0.39 1.25 0.56 1.15 0.59 1.10 0.13 0.28 1.10 1.25 1.00 1.25 0.54 1.20 0.40 1.10
5.40 6.20 5.20 7.10 8.30 9.30 6.70 0.27 5.30 5.50 24.00 22.00 3.00 0.30 10.00 8.30 4.00 0.27



14.00 16.00 12.00 17.00 38.00 46.00 15.00 16.00 15.00 16.00 62.00 63.00 5.20 9.00 28.00 24.00 9.20 11.00
4.50 4.10 6.90 5.10 14.00 8.80 4.70 5.30 7.10 4.60 19.00 16.00 2.50 0.80 7.00 9.50 2.20 0.75
0.10 0.60 0.11 0.70 0.10 0.65 0.10 0.60 0.10 0.15 0.11 1.90 0.11 0.70 0.11 0.65 0.10 0.60



12.00 11.00 12.00 13.00 33.00 41.00 13.00 10.00 13.00 14.00 37.00 39.00 12.00 7.80 19.00 16.00 8.80 8.00
0.80 0.90 0.85 0.80 0.20 0.90 0.90 0.90 0.80



2.30 0.70 2.00 0.80 6.20 0.70 3.00 0.70 2.70 1.20 10.00 4.80 2.00 0.80 4.10 0.75 1.60 0.70
1.20 1.70 0.88 1.90 1.50 1.75 1.40 1.65 1.30 1.20 5.60 7.00 0.45 1.90 1.90 1.85 0.65 1.70
0.30 1.35 0.33 1.55 0.17 1.40 0.47 1.30 0.34 0.42 2.70 4.10 0.14 1.50 0.74 1.50 0.19 1.35



175.03 173.70 175.32 193.55 421.02 540.31 212.36 168.30 171.98 182.10 529.46 578.70 139.60 108.34 279.10 246.53 142.26 115.68



0.80 0.90 0.85 0.80 0.20 0.56 0.90 0.90 0.80
0.80 0.90 0.85 0.80 0.20 1.10 0.90 0.90 0.80
1.90 1.60 2.00 2.20 1.10 6.60 1.40 0.90 0.80



34.00 32.00 49.00 39.00 20.00 37.00 28.00 38.00 0.80
110.00 120.00 230.00 150.00 74.00 230.00 74.00 190.00 0.80
200.00 230.00 700.00 180.00 140.00 620.00 120.00 240.00 0.80



94.00 140.00 200.00 110.00 70.00 280.00 58.00 150.00 0.80
15.00 15.00 17.00 0.80 30.00 66.00 0.90 23.00 0.80



0.80 0.90 0.85 0.80 6.90 29.00 0.90 0.90 0.80
1.35 1.55 1.40 1.30 0.42 4.10 1.50 1.50 1.35



454.90 538.60 1198.00 481.20 342.42 1274.36 281.40 641.00 8.55
408.60 409.38 890.37 482.02 401.99 1103.28 339.39 612.75 344.64
799.60 890.22 678.91 893.20 1809.70 2434.96 816.98 815.59 759.91 647.30 2327.60 2688.52 714.51 592.42 1421.69 1487.24 641.79 15.92
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Appendix B. Raw data for concentrations of congeners measured in sablefish liver by ECD and SIM and homologues measured by SIM. (Shaded cells are DL/2),



FISHID
SAMPLE



Group
Species A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria



SEX
Length cm
Weight g
MEDIUM
% Dry
%lipid:wet
%Lipid:Dry 
Method ECD SIM ECD SIM
PCB08 0.32 0.16 20 0.165 32 0.185 12 0.105 16 0.23 32 0.22 37 0.21 27 0.48
PCB18 0.20 0.28 8.8 0.29 12 0.325 0.16 0.185 2.7 0.4 13 0.385 19 0.37 14 0.85
PCB28 1.00 0.81 2.3 2.9 2.7 1.4 1.6 1.6 1.8 2.4 3 2.6 2.1 2.6 4.6 2.3
PCB44 2.00 1.00 2.8 2.5 2.7 0.4 1.9 1.2 3 0.49 3.9 0.47 3.9 0.46 2.3 1.05
PCB49 2.00 1.60 4.4 2.6 5.7 2.3 2.1 1.3 3.2 2.5 6.8 3 25 3.4 3.8 2.6
PCB52 4.00 2.50 6.2 4.6 4.9 3.3 3 2.8 5.6 4.8 6.5 5.2 6 4.7 3.8 5.8
PCB66 4.00 4.10 10 3.8 9.1 4.4 2 2.7 5.7 8 12 6.7 13 6 7.1 4
PCB77 0.45 0.30 17 0.305 17 0.34 0.36 0.195 18 0.42 19 0.4 23 0.39 13 0.9
PCB87 7.10 6.50 11 6.1 12 5.7 0.23 3.9 12 9.1 15 9.6 15 11 18 6.7
PCB101 25.00 17.00 27 19 24 17 14 9.8 32 25 34 24 40 27 23 17
PCB105 5.60 8.30 13 10 14 9.2 2.9 5 12 13 20 17 21 20 12 11
PCB118 27.00 24.00 31 32 22 26 14 14 38 42 46 48 54 53 26 28
PCB126 1.70 0.48 0.18 0.495 0.2 0.55 0.115 0.315 0.245 0.7 0.235 0.65 0.23 0.65 0.5 1.45
PCB128 12.00 5.10 6.3 8.1 7.1 8.5 2.8 2.9 9.3 9.8 12 15 15 17 5.7 8.4
PCB138 57.00 36.00 55 42 52 42 28 19 72 60 90 79 100 98 53 40
PCB153 79.00 52.00 59 65 56 66 37 33 76 93 94 120 120 140 52 60
PCB156 0.16 2.90 10 3.4 6.5 4.2 0.13 1.9 7 5.5 10 6.5 12 9 7.9 4.4
PCB157 0.33 0.34 0.385 0.22 0.47 0.45 0.435 1
PCB167 1.10 0.34 1.9 1 2.8 3.6 4.5 1
PCB169 0.17 0.46 1.1 0.47 0.39 0.5 0.135 0.3 0.295 0.65 1 0.6 0.6 0.6 0.6 1.35
PCB170 11.00 6.30 8.2 7.9 6.7 7.9 3.4 5 10 14 14 15 19 22 7.5 12
PCB180 43.00 18.00 34 24 21 23 12 15 27 36 54 49 53 63 25 23
PCB183 22.00 5.00 18 5.9 7.2 6.7 0.1 3.4 7.8 8.3 25 12 28 15 5.9 7.6
PCB184 0.13 0.25 0.165 0.26 0.185 0.29 0.105 0.165 0.225 0.355 0.215 0.34 0.21 0.33 0.475 0.75
PCB187 22.00 12.00 20 18 18 18 9.4 8.4 26 27 28 29 32 38 15 14
PCB189 0.33 0.34 0.385 0.22 0.47 0.45 0.435 1
PCB195 2.40 0.29 3.1 0.295 1.8 0.33 1 0.19 2.9 0.41 5 0.39 8.2 0.38 2.4 0.85
PCB206 2.00 0.70 2.4 0.7 2.7 0.8 1.7 1.8 2.3 1 7 3.9 7.9 5.1 3.9 2.1
PCB209 0.71 0.55 0.84 0.55 0.64 0.65 0.29 0.36 3.2 0.8 1.5 0.75 1.9 3.5 1.8 1.65
Sum Congers 331.94 208.33 262.35
Homologs
Mono 0.33 0.34 0.83 0.22 0.47 0.45 0.435 1
Di 0.33 0.34 0.385 0.22 0.47 0.45 0.435 1
Tri 1.50 2.8 1 1.5 2.9 2.4 2.5 2.2
Tetra 39.00 51 40 37 58 64 60 50
Penta 140.00 150 160 97 220 220 260 160
Hexa 250.00 240 280 140 350 390 460 210
Hepta 87.00 140 140 76 190 180 210 140
Octa 8.10 13 16 26 53 54 71 16
Nona 0.33 0.34 0.385 2.5 0.47 5.5 5.7 1
Deca 0.55 0.55 0.65 0.36 0.8 0.75 3.5 1.65
Total PCB 527.14 598.37 639.25 380.8 876.11 917.55 1073.57
tPCB/Lipid 941.32
Aroclors
A1221
A1232
A1242
A1248
A1254 230 310 290 60 125 490 530 300
A1260 120 210 210 130 420 370 480 200
A1262
A1268
AroclorDL/2 90 90 100 60 125 120 115 265



50



75.5
37.8



43



88.8



44.4



81.9
38.2 36.4



50.7



79.5
27.3 31.2
42



65.1



42.4



73.7



1220 1700
470 515



Female



reference



1380 1450 1790
480 500 530



reference



Indeterminate Indeterminate Female Indeterminate



5SX012.635SX012.61



LiverLiver Liver Liver Liver
56.1
45.8
81.6



5SX011.63



40.3



reference



Indeterminate
510



1400
Liver



Indeterminate
635



1550
Liver



5SX011.6004SX022.600 5SX012.6005SX011.604 5SX012.601
5SX011.61



5SX011.601 5SX011.602 5SX011.603



Liver
34.6
19.4



4SX022.61
reference



5SX011.695SX011.67



56.0



reference



575
2410



Female



5SX011.65
reference reference reference
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Appendix B. Raw data for concentrations of congeners measured in sablefish liver by ECD and SIM and homologues measured by SIM. (Shaded cells are DL/2),



FISHID
SAMPLE



Group
Species



SEX
Length cm
Weight g
MEDIUM
% Dry
%lipid:wet
%Lipid:Dry 
Method
PCB08
PCB18
PCB28
PCB44
PCB49
PCB52
PCB66
PCB77
PCB87
PCB101
PCB105
PCB118
PCB126
PCB128
PCB138
PCB153
PCB156
PCB157
PCB167
PCB169
PCB170
PCB180
PCB183
PCB184
PCB187
PCB189
PCB195
PCB206
PCB209
Sum Congers
Homologs
Mono
Di
Tri
Tetra
Penta
Hexa
Hepta
Octa
Nona
Deca
Total PCB
tPCB/Lipid
Aroclors
A1221
A1232
A1242
A1248
A1254
A1260
A1262
A1268
AroclorDL/2



A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria A. fimbria



20 0.26 19 0.26 17 0.22 21 0.225 3.8 0.22 4.1 0.22 20 0.255 19 0.245 17 0.245
8.5 0.45 7 0.45 9.6 0.385 5.9 0.4 1.1 0.385 2.7 0.385 15 0.45 9.4 0.43 10 0.425
2.6 2.6 1.2 2.3 2 2.1 1.9 1.9 0.95 2.6 1.4 3 2.1 3 1.5 2.4 1.9 3.5
3.1 0.55 3.5 2.6 3.1 2.4 2.7 1.4 3.3 2.5 2.1 3.9 4.2 2.8 1.3 2.2 1.3 1.6
4.2 2.9 5.8 3.3 2.8 2 4.1 3.1 2.8 2.5 4.7 3.4 7.7 3.8 5.3 2.5 4.4 2.4
4.1 4.6 7.6 5.1 5.5 3.7 4.7 4.1 6 4.4 7.8 6.8 6.7 5.6 4.5 3.5 4.6 4.1
5.6 3.7 7.4 9.2 10 4.5 8.6 4.2 8.3 4.4 25 9.6 14 7.1 9.4 5.2 8.8 4.4
13 0.475 24 0.475 11 0.405 13 0.42 11 0.4 17 0.405 26 0.47 19 0.455 18 0.45
12 6.9 21 22 13 7.2 12 8.2 7.8 5.8 11 11 13 9.3 9.1 8.2 9.5 6.9
19 14 58 49 27 19 26 19 24 16 54 41 34 27 27 20 26 19



7.3 5.8 42 49 9.3 8.4 13 12 10 8.3 27 18 15 16 12 12 9.7 10
16 19 96 140 27 30 27 34 26 30 55 66 39 41 28 34 26 29



0.28 0.75 0.28 0.75 0.24 0.65 0.245 0.7 0.235 0.65 0.235 0.65 0.275 0.75 0.265 0.75 0.26 0.7
3.8 5.9 42 44 8.2 9 7.1 9.9 5.6 6.8 24 24 11 12 9.6 9.3 8.7 8.4
38 22 220 240 70 58 57 43 54 44 160 140 68 56 60 50 56 47
32 37 220 340 70 91 54 67 55 66 200 250 69 86 58 74 55 66



0.315 3.2 26 24 7.4 5.2 0.28 5.3 0.27 3.6 9.7 5.2 9.5 7.7 7.4 4.9 6.9 4.7
0.55 5.6 0.455 0.47 0.45 0.45 0.5 1.6 0.5
0.55 9.3 1.8 2.8 1.9 3.8 3.3 2.5 2.1



0.335 0.75 0.335 0.75 0.285 0.6 1.1 0.65 0.88 0.6 0.285 0.6 1.6 0.7 1.3 0.7 1.6 0.7
4.6 6.2 46 51 9.5 11 8.5 11 7.8 9.7 14 16 11 13 8.9 9.9 7.8 10
18 15 140 160 37 40 31 29 32 29 55 73 43 38 29 30 30 28
14 5.2 38 35 21 9.5 20 7.6 20 7.2 30 16 13 8.9 10 6.4 8.7 7.4



0.255 0.4 0.255 0.4 0.22 0.345 0.225 0.355 0.215 0.34 0.215 0.34 0.25 0.4 0.245 0.385 0.24 0.38
12 11 76 88 28 28 20 21 21 20 54 62 24 22 20 21 20 18



0.55 0.55 0.455 0.47 0.45 0.45 0.5 0.5 0.5
1.3 0.46 9.8 6 8.1 0.395 2.8 0.405 5.3 0.39 14 0.39 7.9 0.46 5.5 0.44 5.4 0.435
1.8 1.1 6.8 5.4 4.7 0.95 2.4 1 2 0.95 2.5 0.95 4 1.1 3.5 3.4 3 1.05
2.5 0.9 3.6 0.9 1.2 0.75 2.2 0.8 2.8 0.75 4.1 0.75 1.2 0.9 1.7 1.8 1.6 0.85



0.55 0.55 0.455 0.47 0.45 0.45 0.5 0.5 0.5
0.55 0.55 0.455 0.47 0.45 0.45 0.5 0.5 0.5



1.7 2.2 2 1.6 2.8 3.1 2.9 2.6 3.4
50 78 47 54 45 76 74 46 44



100 450 140 150 140 430 190 210 170
160 1100 300 270 220 730 300 240 240
110 560 170 120 130 280 180 150 120



12 130 18 42 58 46 37 52 58
0.55 6 3.2 0.47 3 2.1 2.6 0.5 2.4



0.9 0.9 0.75 0.8 0.75 0.75 0.9 1.8 0.85



210 1100 360 320 310 800 420 360 330
140 1000 330 260 230 610 320 270 230



140 140 120 125 120 120 140 135 135



43.4



76.2



47.6



95.6
33.1 45.5



53.2



82.2



43.5



75.7
43.7 32.9



46.3



82



43.3



76.1
38.0 33.0



46.9



85.3
40.0



48.8



82.9



48.8



76.2
40.5 37.2



ship



Female
525



16201790 1640 1090



Female



1810 1600 1610 1390
520 515 520 455485 510 460



Female Female MaleIndeterminate Female Female



reference reference reference referencereference reference reference
5SX012.675SX012.65 52SX013.6552SX013.6352SX013.615SX012.69 5SX014.61DUP



Liver LiverLiver Liver Liver LiverLiver Liver Liver



5SX012.603 5SX012.604 5SX012.604 5SX013.600 5SX013.601 5SX013.603 5SX013.604 5SX014.600
5SX014.6152SX013.67
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Appendix B. Raw data for concentrations of congeners measured in sablefish liver by ECD and SIM and homologues measured by SIM. (Shaded cells are DL/2),



FISHID
SAMPLE



Group
Species



SEX
Length cm
Weight g
MEDIUM
% Dry
%lipid:wet
%Lipid:Dry 
Method
PCB08
PCB18
PCB28
PCB44
PCB49
PCB52
PCB66
PCB77
PCB87
PCB101
PCB105
PCB118
PCB126
PCB128
PCB138
PCB153
PCB156
PCB157
PCB167
PCB169
PCB170
PCB180
PCB183
PCB184
PCB187
PCB189
PCB195
PCB206
PCB209
Sum Congers
Homologs
Mono
Di
Tri
Tetra
Penta
Hexa
Hepta
Octa
Nona
Deca
Total PCB
tPCB/Lipid
Aroclors
A1221
A1232
A1242
A1248
A1254
A1260
A1262
A1268
AroclorDL/2



A. fimbria A. fimbria A. fimbria A. fimbria



52 0.195 11 0.175 25 0.17 36 0.255
0.3 0.34 0.265 0.305 0.88 0.3 8.8 0.45
4.8 1.4 2.1 2 1.3 0.335 1.9 3
2.3 1.7 0.9 1.5 0.9 2.4 2.8 2
8.6 2.4 2.4 2 2.9 2.5 5 3.4
4.8 3.8 4 3.7 4.8 4 5.5 5
15 7.6 2.6 3.8 7 7.6 9.2 5.8
40 0.36 0.6 0.32 0.6 0.315 18 0.47
31 25 11 4.5 20 14 13 9.4
68 60 17 14 41 38 24 18
41 47 3.4 6.5 9.4 24 12 11
97 120 15 16 43 65 27 29



0.21 0.6 0.19 0.5 0.185 0.5 0.275 0.75
36 39 5.8 5 19 20 7.1 8.7



170 190 45 38 91 110 55 39
190 270 57 56 120 170 48 62



25 22 0.215 1.9 10 10 7.4 4.4
4.8 0.36 2.6 0.5
9.2 1.1 5.7 0.5



2.3 0.55 0.225 0.495 0.22 0.485 0.33 0.7
46 52 2.5 4.6 16 26 7.3 9.5



120 140 12 18 64 81 29 28
40 34 0.165 4.4 22 17 8.6 5.7



0.19 0.305 0.17 0.27 0.17 0.265 0.25 0.4
66 80 16 18 33 47 18 18



0.4 0.36 0.35 0.5
11 6.8 1.3 0.31 3.9 3.7 3.4 0.46
12 9.6 1.2 0.75 3.3 5.8 2.9 1.1



3.2 4.4 0.5 0.6 1.4 2.8 2.6 0.9
353.4 268.9



0.4 0.36 0.35 0.5
0.4 0.36 0.35 0.5
1.3 2 0.35 3.2
52 43 59 55



430 120 340 180
970 210 560 220
480 120 300 120
120 37 59 51



37 0.36 24 2.7
4.4 0.6 2.8 0.9



633.8



1000 190 540 320
1000 190 470 250



105 95 95 140



50.4



71.5



46.8



85.1
36.0 39.8



1400
Liver



49.5



81.9



41.3



58.3
40.5 24.1



13501640 1010
480530 450



reference



Female
490



ship ship ship



Female Indeterminate Male



5SX013.695SX014.675SX014.655SX014.63



Liver Liver Liver



5SX014.601 5SX014.602 5SX014.603 5SX013.605
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Appendix B. Raw data for concentrations of congeners measured in sablefish liver by ECD and SIM and homologues measured by SIM. (Shaded cells are DL/2),



FISHID
SAMPLE



Group
Species



SEX
Length cm
Weight g
MEDIUM
% Dry
%lipid:wet
%Lipid:Dry 
Method
PCB08
PCB18
PCB28
PCB44
PCB49
PCB52
PCB66
PCB77
PCB87
PCB101
PCB105
PCB118
PCB126
PCB128
PCB138
PCB153
PCB156
PCB157
PCB167
PCB169
PCB170
PCB180
PCB183
PCB184
PCB187
PCB189
PCB195
PCB206
PCB209
Sum Congers
Homologs
Mono
Di
Tri
Tetra
Penta
Hexa
Hepta
Octa
Nona
Deca
Total PCB
tPCB/Lipid
Aroclors
A1221
A1232
A1242
A1248
A1254
A1260
A1262
A1268
AroclorDL/2



2SX0068.600 2SX0069.600 2SX0075.600
4SX024.63
Reference
P. multispina



Hepatopancreas
35.20 37.80
18.59 31.00
52.80 82.00



0.455 ND 0.19 ND 0.41 ND
0.295 ND 0.335 ND 0.27 ND



0.51 J 0.375 ND 0.96
1 ND 0.415 ND 0.90 ND



0.155 ND 0.49 ND 0.14 ND
0.8 ND 0.2 ND 0.70 ND
4.3 3.9 J 3.60



0.65 ND 0.355 ND 0.60 ND
0.415 ND 0.55 ND 0.38 ND



2 0.6 ND 0.28 ND
11 15 3.60
43 40 14.00



0.205 ND 0.55 ND 0.19 ND
9.9 7.4 3.10
47 40 15.00
67 54 28.00



4.7 3.6 J 0.60 J
0.395 ND
0.395 ND



0.25 ND 0.55 ND 0.23 ND
5.8 5.2 2.20
6.9 7.4 0.50 ND
4.4 3.4 J 2.00



0.19 ND 0.3 ND 0.17 ND
9.6 7.4 4.90



0.395 ND
0.88 0.34 ND 0.26 ND



1.3 0.8 ND 3.00 ND
0.7 J 0.65 ND 0.34 ND



0.40 ND
0.40 ND
0.40 ND



38.00
110.00
130.00



64.00
0.40 ND
0.40 ND
0.65 ND



105 ND 95 ND
105 ND 95 ND
105 ND 95 ND
105 ND 95 ND
105 ND 95 ND
105 ND 95 ND
105 ND 95 ND
105 ND 95 ND



4SX02



ECD SIM



4SX023.63
Reference



P. multispina



Hepatopancreas



4SX023.601
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Appendix B. Raw data for concentrations of congeners measured in sablefish liver by ECD and SIM and homologues measured by SIM. (Shaded cells are DL/2),



FISHID
SAMPLE



Group
Species



SEX
Length cm
Weight g
MEDIUM
% Dry
%lipid:wet
%Lipid:Dry 
Method
PCB08
PCB18
PCB28
PCB44
PCB49
PCB52
PCB66
PCB77
PCB87
PCB101
PCB105
PCB118
PCB126
PCB128
PCB138
PCB153
PCB156
PCB157
PCB167
PCB169
PCB170
PCB180
PCB183
PCB184
PCB187
PCB189
PCB195
PCB206
PCB209
Sum Congers
Homologs
Mono
Di
Tri
Tetra
Penta
Hexa
Hepta
Octa
Nona
Deca
Total PCB
tPCB/Lipid
Aroclors
A1221
A1232
A1242
A1248
A1254
A1260
A1262
A1268
AroclorDL/2



4SX024.65
Reference
P. multispina



44.20
25.15
56.90



ECD SIM
0.18 ND 0.36 ND 0.15 ND
0.31 ND 0.23 ND 0.27 ND
0.73 J 0.74 0.90 J
0.38 ND 0.80 ND 0.33 ND
0.45 ND 0.12 ND 0.39 ND
0.18 ND 0.65 ND 0.16 ND
2.70 J 2.50 2.80 J
0.32 ND 0.50 ND 0.28 ND
0.49 ND 0.33 ND 0.43 ND
0.50 ND 0.24 ND 0.46 ND
5.10 2.60 3.40



13.00 12.00 11.00
0.50 ND 0.17 ND 0.46 ND
2.90 J 2.00 2.40 J



14.00 13.00 12.00
23.00 23.00 19.00



0.45 ND 0.93 0.40 ND
0.36 ND 0.32 ND
0.36 ND 0.32 ND
0.50 ND 0.20 ND 0.43 ND
2.50 J 1.90 0.11 ND
0.65 ND 1.50 0.55 ND
2.10 J 1.50 1.80 J
0.27 ND 0.15 ND 0.24 ND
4.50 4.10 4.70
0.36 ND 0.32 ND
0.31 ND 0.22 ND 0.27 ND
0.75 ND 0.28 J 0.65 ND
0.60 ND 0.30 ND 0.50 ND



0.36 ND 0.32 ND
0.36 ND 0.32 ND
0.89 J 0.78 J



19.00 18.00
41.00 48.00
88.00 65.00
36.00 13.00



0.36 ND 0.32 ND
0.36 ND 0.32 ND



0.6 ND 0.5 ND



85 ND
85 ND
85 ND
85 ND
85 ND
85 ND
85 ND
85 ND



24.604



Hepatopancreas



4SX024.605
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Apdx_C1.1 vars



code analyte/description
PCB008 PCB008 8 - 2,4'-Dichlorobiphenyl pg/g wet
PCB018 PCB018 18 - 2,2',5-Trichlorobiphenyl pg/g wet
PCB028 PCB028 28 - 2,4,4'-Trichlorobiphenyl pg/g wet
PCB044 PCB044 44 - 2,2',3,5'-Tetrachlorobiphenyl pg/g wet
PCB049 PCB049 49 - 2,2',4,5' - Tetrachlorobiphenyl pg/g wet
PCB052 PCB052 52 - 2,2',5,5'-Tetrachlorobiphenyl pg/g wet
PCB066 PCB066 66 - 2,3',4,4'-Tetrachlorobiphenyl pg/g wet
PCB077 PCB077 77 - 3,3',4,4'-Tetrachlorobiphenyl pg/g wet
PCB081e PCB081e 81 - 3,4,4',5-Tetrachlorobiphenyl (estimated concn.) pg/g wet
PCB087 PCB087 87 - 2,2',3,4,5 - Pentachlorobiphenyl pg/g wet
PCB101 PCB101 101 - 2,2',4,5,5'-Pentachlorobiphenyl pg/g wet
PCB105 PCB105 105 - 2,3,3',4,4'-Pentachlorobiphenyl pg/g wet
PCB114e PCB114 114 - 2,3,4,4',5-Pentachlorobiphenyl pg/g wet
PCB118 PCB118 118 - 2,3',4,4',5-Pentachlorobiphenyl pg/g wet
PCB123e PCB123 123 - 2',3,4,4',5-Pentachlorobiphenyl pg/g wet
PCB126 PCB126 126 - 3,3',4,4',5-Pentachlorobiphenyl pg/g wet
PCB128 PCB128 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl pg/g wet
PCB138 PCB138 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl pg/g wet
PCB153 PCB153 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl pg/g wet
PCB156 PCB156e 156 2,3,3',4,4',5-Hexachlorobiphenyl (NR values estimated based on PCB169 concn.) pg/g wet
PCB157 PCB157e 157 2,3,3',4,4',5'-Hexachlorobiphenyl (NR values estimated based on PCB169 concn.) pg/g wet
PCB167 PCB167 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl pg/g wet
PCB169 PCB169 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl pg/g wet
PCB170 PCB170 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl pg/g wet
PCB180 PCB180 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl pg/g wet
PCB183 PCB183 183 - 2,2',3,4,4',5',6 - Heptachlorobiphenyl pg/g wet
PCB184 PCB184 184 - 2,2',3,4,4',6,6' - Heptachlorobiphenyl pg/g wet
PCB187 PCB187 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl pg/g wet
PCB189 PCB189 189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl pg/g wet
PCB195 PCB195 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl pg/g wet
PCB206 PCB206 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl pg/g wet
PCB209 PCB209 209 - Decachlorobiphenyl pg/g wet
Homo_CL1 Homo_CL1 Total Monochlorobiphenyl pg/g wet
Homo_CL2 Homo_CL2 Total Dichlorobiphenyls pg/g wet
Homo_CL3 Homo_CL3 Total Trichlorobiphenyls pg/g wet
Homo_CL4 Homo_CL4 Total Tetrachlorobiphenyls pg/g wet
Homo_CL5 Homo_CL5 Total Pentachlorobiphenyls pg/g wet
Homo_CL6 Homo_CL6 Total Hexachlorobiphenyls pg/g wet
Homo_CL7 Homo_CL7 Total Heptachlorobiphenyls pg/g wet
Homo_CL8 Homo_CL8 Total Octachlorobiphenyls pg/g wet
Homo_CL9 Homo_CL9 Total Nonachlorobiphenyls pg/g wet
tPCBw tPCB TOTAL Polychlorinated Biphenyls pg/g wet



Lab ID Lab ID Laboratory sample id
Species Species Species of fish sample
Site Site Site fish collected from Reference = background; Ship = ex-Agerholm
LEN LEN Total Length (mm) mm
WEIGHT WEIGHT Total Weight (g) g
SEX SEX Sex
DRY DRY Percent Dry Weight %
LIPIDW LIPIDW Percent Lipid (wet weight basis) %
LIPIDD LIPIDD f_Lipid (Dryweight) mass fraction



TECF077 Fish dioxin toxicity equivalent concentration for PCB077 pg/g wet
TECF081 Fish dioxin toxicity equivalent concentration for PCB081 pg/g wet
TECF105 Fish dioxin toxicity equivalent concentration for PCB105 pg/g wet



units (unless 
otherwise 
specified)



Listing of the variable names used in this appendix.











Apdx_C1.1 vars



code analyte/description



units (unless 
otherwise 
specified)



Listing of the variable names used in this appendix.



TECF114 Fish dioxin toxicity equivalent concentration for PCB114 pg/g wet
TECF118 Fish dioxin toxicity equivalent concentration for PCB118 pg/g wet
TECF123 Fish dioxin toxicity equivalent concentration for PCB123 pg/g wet
TECF126 Fish dioxin toxicity equivalent concentration for PCB126 pg/g wet
TECF156 Fish dioxin toxicity equivalent concentration for PCB156 pg/g wet
TECF157 Fish dioxin toxicity equivalent concentration for PCB157 pg/g wet
TECF167 Fish dioxin toxicity equivalent concentration for PCB167 pg/g wet
TECF169 Fish dioxin toxicity equivalent concentration for PCB169 pg/g wet
TECF189 Fish dioxin toxicity equivalent concentration for PCB189 pg/g wet
FTEQ_W Fish TEQ whole body wet weight basis pg/g wet
FTEQ_L Fish TEQ whole body lipid basis (wet) pg/g wet
LFTEQ_W Log (Fish TEQ whole body wet weight basis) pg/g wet
LFTEQ_L Log (Fish TEQ whole body lipid basis (wet)) pg/g wet



TEGG077 Fish Egg dioxin toxicity equivalent concentration for PCB077 pg/g wet
TEGG081 Fish Egg dioxin toxicity equivalent concentration for PCB081 pg/g wet
TEGG105 Fish Egg dioxin toxicity equivalent concentration for PCB105 pg/g wet
TEGG114 Fish Egg dioxin toxicity equivalent concentration for PCB114 pg/g wet
TEGG118 Fish Egg dioxin toxicity equivalent concentration for PCB118 pg/g wet
TEGG123 Fish Egg dioxin toxicity equivalent concentration for PCB123 pg/g wet
TEGG126 Fish Egg dioxin toxicity equivalent concentration for PCB126 pg/g wet
TEGG156 Fish Egg dioxin toxicity equivalent concentration for PCB156 pg/g wet
TEGG157 Fish Egg dioxin toxicity equivalent concentration for PCB157 pg/g wet
TEGG167 Fish Egg dioxin toxicity equivalent concentration for PCB167 pg/g wet
TEGG169 Fish Egg dioxin toxicity equivalent concentration for PCB169 pg/g wet
TEGG189 Fish Egg dioxin toxicity equivalent concentration for PCB189 pg/g wet



TEQ_EGGL
Fish TEQ whole body lipid basis (wet) The egg:female transfer ratio is lipid normalized, 
whole body concentration is assumed to be proportional to lipid pg/g wet



TEQ_EGGw
Fish Egg TEQ whole body wet weight basis. Uses the average fraction of lipid:wet tissue 
reported for egss by Cook et al. 2003, and Debruyn et al. 2004 pg/g wet



TEQ_EGGx
This assumes that the lipid:wet weight ratio is the sampe as the female, probably not 
correct. pg/g wet



est%Mort estimated egg mortality based on equ (4) in Cook et al. 2004 %











Apdx_C1.2 muscle dat 



These are the concentrations of PCBs measured in sample with the Non Detects (ND) set to the (sample dection limit)/2. muscle muscle
Total LengtTotal Weig Sex Percent Dry Weight %Lipid(wet f_Lipid (Drypg/g wet pg/g wet pg/g wet



ID_to_use Lab ID Species Site LEN WEIGHT SEX DRY LIPIDW LIPIDD Homo_CL1Homo_CL2 Homo_CL3
5SX013.605SX013.68 fish reference 490 1400 Female 30.30 16.2711 53.7000 242.4 242.4 242.4
4SX022.604SX022.64 fish reference 575 2410 Female 39.00 23.01 59.0000 93.6 93.6 468
5SX013.605SX013.64 fish reference 520 1610 Female 31.50 15.498 49.2000 267.75 267.75 630
5SX012.605SX012.68 fish reference 460 1090 Female 29.00 17.255 59.5000 65.25 65.25 435
5SX012.605SX012.62 fish reference 515 1700 Female 37.90 22.4368 59.2000 62.535 62.535 682.2
5SX013.605SX013.62 fish reference 515 1600 Female 28.20 17.0046 60.3000 253.8 253.8 451.2
5SX012.605SX012.66 fish reference 510 1640 Female 31.60 16.432 52.0000 237 237 379.2
4SX024.604SX024.62 fish reference 462 1220 Female 37.80 22.5288 59.6000 120.96 120.96 491.4
5SX011.605SX011.68 fish reference 530 1790 Female 27.70 15.5674 56.2000 83.1 83.1 415.5
2SX0071 2SX0071 fish reference 510 1530 Female 33.90 21.2214 62.6000
2SX0070.62SX0070Re-Afish reference 540 2205 Female 29.60 21.7264 73.4000 90.28 90.28
5SX013.605SX013.60 fish reference 520 1810 Female 32.40 16.5564 51.1000 259.2 259.2 615.6
5SX011.605SX011.60 fish reference 635 1550 Indetermina 34.20 18.3312 53.6000 106.02 106.02 547.2
4SX024.604SX024.61 fish reference 470 1090 Indetermina 32.50 19.825 61.0000 105.625 105.625 536.25
5SX012.605SX012.64 fish reference 485 1790 Indetermina 32.20 18.676 58.0000 64.4 64.4 418.6
5SX012.605SX012.60 fish reference 470 1220 Indetermina 26.20 14.0956 53.8000 248.9 248.9 458.5
5SX011.605SX011.66 fish reference 500 1450 Indetermina 31.90 19.2995 60.5000 100.485 102.08 510.4
5SX011.605SX011.64 fish reference 480 1380 Indetermina 33.40 17.8356 53.4000 250.5 250.5 400.8
5SX011.605SX011.62 fish reference 510 1400 Indetermina 35.70 18.6354 52.2000 249.9 249.9 357
5SX013.605SX013.66 fish reference 455 1390 Male 33.00 19.47 59.0000 264 264 726
5SX014.605SX014.62 fish ship 530 1640 Female 27.60 13.0824 47.4000 154.56 303.6 1821.6
5SX014.605SX014.60 fish ship 525 1620 Female 33.90 17.9331 52.9000 67.8 67.8 372.9
2SX0076.62SX0076 fish ship 498 1420 Female 30.10 14.6286 48.6000
2SX0067.62SX0067 fish ship 490 1260 Female 30.50 15.25 50.0000
5SX014.605SX014.64 fish ship 450 1010 Indetermina 28.20 13.395 47.5000 253.8 253.8 394.8
2SX0074.62SX0074 fish ship 485 1358 Male 31.50 16.065 51.0000
5SX014.605SX014.66 fish ship 480 1350 Male 29.00 12.499 43.1000 261 261 261
2SX0066.62SX0066Re-Afish ship 455 975 Male 29.40 18.081 61.5000 94.08 617.4
2SX0077.62SX0077Re-Afish ship 475 1160 nr 28.60 17.16 60.0000 171.6 171.6
2SX0081.62SX0081 fish ship 460 1080 nr 36.80 22.8896 62.2000 174.8 174.8 846.4
2SX0080.62SX0080 fish ship 474 1260 nr 33.20 23.1072 69.6000 182.6 182.6 664
2SX0079.62SX0079 fish ship 480 1280 nr 31.50 16.632 52.8000
2SX0078.62SX0078 fish ship 487 1480 nr 32.90 19.5426 59.4000
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Apdx_C1.2 muscle dat 



These are the concentrations of PCBs measured



ID_to_use Lab ID Species Site
5SX013.605SX013.68 fish reference
4SX022.604SX022.64 fish reference
5SX013.605SX013.64 fish reference
5SX012.605SX012.68 fish reference
5SX012.605SX012.62 fish reference
5SX013.605SX013.62 fish reference
5SX012.605SX012.66 fish reference
4SX024.604SX024.62 fish reference
5SX011.605SX011.68 fish reference
2SX0071 2SX0071 fish reference
2SX0070.62SX0070Re-Afish reference
5SX013.605SX013.60 fish reference
5SX011.605SX011.60 fish reference
4SX024.604SX024.61 fish reference
5SX012.605SX012.64 fish reference
5SX012.605SX012.60 fish reference
5SX011.605SX011.66 fish reference
5SX011.605SX011.64 fish reference
5SX011.605SX011.62 fish reference
5SX013.605SX013.66 fish reference
5SX014.605SX014.62 fish ship
5SX014.605SX014.60 fish ship
2SX0076.62SX0076 fish ship
2SX0067.62SX0067 fish ship
5SX014.605SX014.64 fish ship
2SX0074.62SX0074 fish ship
5SX014.605SX014.66 fish ship
2SX0066.62SX0066Re-Afish ship
2SX0077.62SX0077Re-Afish ship
2SX0081.62SX0081 fish ship
2SX0080.62SX0080 fish ship
2SX0079.62SX0079 fish ship
2SX0078.62SX0078 fish ship



muscle muscle muscle muscle muscle muscle muscle muscle muscle muscle
pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet
Homo_CL4 Homo_CL5 Homo_CL6 Homo_CL7 Homo_CL8 Homo_CL9 PCB008 PCB018 PCB028 PCB044



242.4 242.4 242.4 242.4 242.4 242.4 278.76 299.97 363.6 757.5
14820 66300 97500 62400 14430 3900 4680 70.2 1014 702
15435 72450 220500 63000 5355 267.75 75.6 264.6 472.5 1228.5
7830 23200 46400 27260 8120 1276 240.7 580 377 899
9096 28425 45480 23119 9475 1932.9 1137 568.5 492.7 947.5
9024 33840 64860 39480 4230 253.8 70.5 265.08 423 676.8



16432 94800 287560 120080 26544 7584 284.4 211.72 316 821.6
16632 49140 79380 27594 3439.8 120.96 136.08 86.94 313.74 793.8
10803 38780 77560 33240 6648 3878 94.18 60.94 260.38 581.7



61.02 254.25 372.9 678
17464 88800 171680 71040 10064 90.28 162.8 186.48 296 680.8
11016 35640 64800 30456 4860 259.2 136.08 249.48 356.4 972
11970 41040 64980 27018 8208 106.02 123.12 78.66 342 820.8
13650 48750 81250 30225 2681.25 105.625 120.25 79.625 250.25 617.5
6762 16422 23828 13202 5796 1416.8 322 483 386.4 966



10349 40610 87770 44540 5371 248.9 246.28 247.59 393 720.5
13398 57420 89320 35090 7018 829.4 114.84 76.56 319 638
10354 23714 36740 22044 2204.4 250.5 183.7 310.62 467.6 1002
9282 33558 64260 31416 3927 249.9 89.25 464.1 357 785.4



12870 49500 59400 36300 264 264 115.5 247.5 594 1386
10212 63480 171120 77280 18216 8004 469.2 270.48 262.2 496.8
6780 25086 47460 23730 10170 2339.1 196.62 474.6 372.9 678



60.2 201.67 276.92 571.9
122 67.1 152.5 305



7896 20868 33840 16356 253.8 253.8 219.96 451.2 564 761.4
59.85 207.9 378 819



11020 55100 69600 43500 6670 261 232 319 261 580
19992 164640 217560 99960 38220 5586 161.7 135.24 270.48 558.6
12584 42900 57200 45760 171.6 171.6 300.3 254.54 457.6 486.2
25024 84640 161920 80960 31648 174.8 202.4 239.2 515.2 552
21580 179280 332000 159360 43160 3054.4 199.2 209.16 365.2 365.2



75.6 195.3 277.2 472.5
65.8 329 526.4 855.4
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Apdx_C1.2 muscle dat 



These are the concentrations of PCBs measured



ID_to_use Lab ID Species Site
5SX013.605SX013.68 fish reference
4SX022.604SX022.64 fish reference
5SX013.605SX013.64 fish reference
5SX012.605SX012.68 fish reference
5SX012.605SX012.62 fish reference
5SX013.605SX013.62 fish reference
5SX012.605SX012.66 fish reference
4SX024.604SX024.62 fish reference
5SX011.605SX011.68 fish reference
2SX0071 2SX0071 fish reference
2SX0070.62SX0070Re-Afish reference
5SX013.605SX013.60 fish reference
5SX011.605SX011.60 fish reference
4SX024.604SX024.61 fish reference
5SX012.605SX012.64 fish reference
5SX012.605SX012.60 fish reference
5SX011.605SX011.66 fish reference
5SX011.605SX011.64 fish reference
5SX011.605SX011.62 fish reference
5SX013.605SX013.66 fish reference
5SX014.605SX014.62 fish ship
5SX014.605SX014.60 fish ship
2SX0076.62SX0076 fish ship
2SX0067.62SX0067 fish ship
5SX014.605SX014.64 fish ship
2SX0074.62SX0074 fish ship
5SX014.605SX014.66 fish ship
2SX0066.62SX0066Re-Afish ship
2SX0077.62SX0077Re-Afish ship
2SX0081.62SX0081 fish ship
2SX0080.62SX0080 fish ship
2SX0079.62SX0079 fish ship
2SX0078.62SX0078 fish ship



muscle muscle muscle muscle muscle muscle muscle muscle muscle muscle muscle
pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet
PCB049 PCB052 PCB066 PCB077 PCB081e PCB087 PCB101 PCB105 PCB114e PCB118 PCB123e



515.1 1121.1 1787.7 2545.2 202.28 1454.4 3939 1545.3 82.63 4242 52.61
624 1131 858 152.1 12.09 191.1 7410 1872 159.54 8190 101.57
819 1890 4410 3780 300.42 2331 11025 3465 208.63 10710 132.83
580 1218 2320 108.75 8.64 1711 5220 1827 107.33 5510 68.34



644.3 1440.2 2122.4 2994.1 237.96 1895 5306 2349.8 132.89 6822 84.61
564 1240.8 1917.6 2171.4 172.57 1522.8 4794 1381.8 87.89 4512 55.96



663.6 1327.2 3476 3792 301.37 3792 11060 7900 350.87 18012 223.38
718.2 1285.2 2041.2 189 15.02 2230.2 7182 1814.4 169.36 8694 107.82
581.7 1024.9 1523.5 135.73 10.79 1966.7 5817 2132.9 156.48 8033 99.63



1254.3 2067.9 3017.1 5085 404.13 3254.4 9492 6102 310.37 15933 197.60
1184 1864.8 2723.2 207.2 16.47 5032 11840 7992 380.56 19536 242.29
486 1069.2 2138.4 3078 244.62 1522.8 5184 2203.2 107.30 5508 68.31
684 1333.8 1504.8 171 13.59 1881 6156 1231.2 159.89 8208 101.80



633.75 1007.5 1430 170.625 13.56 2291.25 7150 1901.25 161.44 8287.5 102.78
547.4 1223.6 2125.2 107.87 8.57 1255.8 3864 1320.2 75.27 3864 47.92



655 1310 2462.8 2882 229.05 2161.5 6026 3013 155.66 7991 99.10
861.3 1531.2 2360.6 159.5 12.68 2488.2 8294 2775.3 211.28 10846 134.51
634.6 1402.8 2070.8 2772.2 220.32 1202.4 4008 1302.6 78.08 4008 49.71
571.2 1178.1 2499 3498.6 278.05 1677.9 4998 1856.4 97.36 4998 61.99



858 1716 3003 4290 340.95 2178 6600 2706 128.57 6600 81.85
496.8 1104 2649.6 4416 350.96 3864 10212 5520 274.20 14076 174.57
542.4 1152.6 2135.7 111.87 8.89 1491.6 5424 1966.2 105.66 5424 67.27
963.2 1384.6 1745.8 2919.7 232.04 2648.8 7826 4816 252.13 12943 160.52



671 976 213.5 13725 1090.80 2318 7015 2745 172.30 8845 109.70
366.6 1015.2 1692 1438.2 114.30 1156.2 3384 1212.6 60.43 3102 38.47



1102.5 1827 1701 4410 350.49 2425.5 7560 3465 190.22 9765 121.11
551 1102 2407 2813 223.56 2523 6670 3190 146.88 7540 93.51



1058.4 1323 3234 205.8 16.36 5586 14994 9702 469.62 24108 298.99
858 1115.4 972.4 371.8 29.55 2059.2 5148 2860 122.57 6292 78.03



1067.2 2097.6 3680 294.4 23.40 5152 16192 8832 408.61 20976 260.14
796.8 1826 5644 298.8 23.75 9296 26892 27556 970.10 49800 617.62
850.5 1323 1827 3465 275.38 2394 6615 4095 196.36 10080 125.01



1217.3 2500.4 2072.7 5264 418.36 2434.6 8554 3948 256.36 13160 163.21
0.00
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Apdx_C1.2 muscle dat 



These are the concentrations of PCBs measured



ID_to_use Lab ID Species Site
5SX013.605SX013.68 fish reference
4SX022.604SX022.64 fish reference
5SX013.605SX013.64 fish reference
5SX012.605SX012.68 fish reference
5SX012.605SX012.62 fish reference
5SX013.605SX013.62 fish reference
5SX012.605SX012.66 fish reference
4SX024.604SX024.62 fish reference
5SX011.605SX011.68 fish reference
2SX0071 2SX0071 fish reference
2SX0070.62SX0070Re-Afish reference
5SX013.605SX013.60 fish reference
5SX011.605SX011.60 fish reference
4SX024.604SX024.61 fish reference
5SX012.605SX012.64 fish reference
5SX012.605SX012.60 fish reference
5SX011.605SX011.66 fish reference
5SX011.605SX011.64 fish reference
5SX011.605SX011.62 fish reference
5SX013.605SX013.66 fish reference
5SX014.605SX014.62 fish ship
5SX014.605SX014.60 fish ship
2SX0076.62SX0076 fish ship
2SX0067.62SX0067 fish ship
5SX014.605SX014.64 fish ship
2SX0074.62SX0074 fish ship
5SX014.605SX014.66 fish ship
2SX0066.62SX0066Re-Afish ship
2SX0077.62SX0077Re-Afish ship
2SX0081.62SX0081 fish ship
2SX0080.62SX0080 fish ship
2SX0079.62SX0079 fish ship
2SX0078.62SX0078 fish ship



muscle muscle muscle muscle muscle muscle muscle muscle muscle muscle muscle
pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet
PCB126 PCB128 PCB138 PCB153 PCB156 PCB157 PCB167 PCB169 PCB170 PCB180 PCB183



31.815 1151.4 6666 7575 606.00 242.40 242.4 121.2 1212 2787.6 666.6
468 3237 19500 24180 54.60 124.80 741 335.4 4680 13650 3471



34.65 4095 25515 29610 819.00 267.75 724.5 176.4 2614.5 11970 4410
34.8 1769 11020 12180 696.00 156.60 319 40.6 1827 6090 2552
0.09 1781.3 9854 11370 758.00 62.54 568.5 0.11 2084.5 4927 2994.1



33.84 1184.4 7614 9306 535.80 253.80 253.8 109.98 1466.4 3384 1945.8
30.02 6636 47400 50560 4424.00 237.00 1580 36.34 8216 22752 7268
64.26 3364.2 14742 20790 71.82 120.96 567 75.6 2910.6 8694 3364.2



42.935 3047 14127 19113 48.48 83.10 664.8 51.245 2271.4 9418 4709
983.1 847.5 24747 26442 3729.00 3544.98 13483.96 305.1 6102 12882 4068
162.8 7104 35520 35520 4144.00 3939.50 14984.59 100.64 7696 27528 10952
34.02 1555.2 8424 10044 810.00 259.20 259.2 42.12 1749.6 4536 1458
54.72 3283.2 12996 17784 64.98 109.44 444.6 68.4 1846.8 5814 1265.4



56.875 2778.75 13975 18687.5 63.38 105.63 373.75 66.625 1966.25 8125 1625
33.81 805 5474 6440 302.68 64.40 244.72 40.25 1030.4 2511.6 1803.2
32.75 2515.2 14279 16113 1362.40 248.90 248.9 39.955 3144 8384 3275
54.23 3828 18502 23606 60.61 267.96 669.9 63.8 2552 7337 1531.2
33.4 935.2 5344 7348 400.80 280.56 250.5 40.08 1202.4 2638.6 868.4
35.7 1570.8 8568 9996 606.90 249.90 357 42.84 1392.3 3927 1463.7



34.65 1815 10230 11880 990.00 264.00 264 194.7 2211 4950 1551
33.12 4968 24012 25668 3036.00 248.40 1104 303.6 6624 17112 5244



35.595 1661.1 9831 10848 711.90 142.38 406.8 42.375 1796.7 5085 2406.9
114.38 993.3 26789 29498 3913.00 967.89 1649.16 219.73 6923 16254 5418



6100 5490 16470 22875 1830.00 452.66 771.27 183 3660 9760 2928
33.84 958.8 6768 8460 338.40 253.80 253.8 282 846 1466.4 705



1732.5 535.5 14175 16380 2299.50 568.79 969.14 409.5 4725 7875 2709
33.35 2436 13340 15080 1160.00 261.00 261 156.6 2900 8120 2030
176.4 7056 38220 41160 4116.00 1018.10 1734.72 105.84 8232 27636 10290
314.6 2659.8 12012 12870 1315.60 325.42 554.47 185.9 2002 11154 2459.6



92 7728 40480 47840 4416.00 920.00 1361.6 110.4 9568 24656 9936
185.92 17264 83000 86320 9628.00 182.60 2988 112.88 17928 39840 14276



567 661.5 16065 17640 2614.50 646.70 1101.90 148.05 5040 8190 2740.5
1184.4 822.5 24017 27307 4277.00 1057.93 1802.57 322.42 6909 13160 3948



Apdx_C1.2 muscle dat  6 of 15











Apdx_C1.2 muscle dat 



These are the concentrations of PCBs measured



ID_to_use Lab ID Species Site
5SX013.605SX013.68 fish reference
4SX022.604SX022.64 fish reference
5SX013.605SX013.64 fish reference
5SX012.605SX012.68 fish reference
5SX012.605SX012.62 fish reference
5SX013.605SX013.62 fish reference
5SX012.605SX012.66 fish reference
4SX024.604SX024.62 fish reference
5SX011.605SX011.68 fish reference
2SX0071 2SX0071 fish reference
2SX0070.62SX0070Re-Afish reference
5SX013.605SX013.60 fish reference
5SX011.605SX011.60 fish reference
4SX024.604SX024.61 fish reference
5SX012.605SX012.64 fish reference
5SX012.605SX012.60 fish reference
5SX011.605SX011.66 fish reference
5SX011.605SX011.64 fish reference
5SX011.605SX011.62 fish reference
5SX013.605SX013.66 fish reference
5SX014.605SX014.62 fish ship
5SX014.605SX014.60 fish ship
2SX0076.62SX0076 fish ship
2SX0067.62SX0067 fish ship
5SX014.605SX014.64 fish ship
2SX0074.62SX0074 fish ship
5SX014.605SX014.66 fish ship
2SX0066.62SX0066Re-Afish ship
2SX0077.62SX0077Re-Afish ship
2SX0081.62SX0081 fish ship
2SX0080.62SX0080 fish ship
2SX0079.62SX0079 fish ship
2SX0078.62SX0078 fish ship



muscle muscle muscle muscle muscle muscle muscle
pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet
PCB184 PCB187 PCB189 PCB195 PCB206 PCB209 tPCBw



30.3 2666.4 242.4 484.8 196.95 57.57 96778.1
42.9 7800 93.6 1053 1248 319.8 260512
31.5 10395 267.75 1953 472.5 53.55 378614
31.9 4930 65.25 1015 435 113.1 114802
0.08 3790 62.535 909.6 416.9 128.86 118506



31.02 3384 253.8 564 248.16 93.06 153084
28.44 12640 237 3476 1358.8 410.8 554359
56.7 4536 120.96 604.8 680.4 226.8 177274



38.78 4709 83.1 498.6 554 188.36 171687
2440.8 8475 452.45 644.1 881.4 372.9 306785
71.04 13320 966.85 1124.8 1835.2 828.8 426197
32.4 3888 259.2 745.2 388.8 97.2 148603
51.3 4788 109.44 376.2 478.8 153.9 154252



50.375 4875 105.625 455 503.75 175.5 177580
30.59 2318.4 64.4 483 286.58 54.74 68083.7
30.13 5502 248.9 1388.6 537.1 138.86 190264
47.85 6380 207.35 382.8 478.5 165.88 204018
30.06 2538.4 250.5 467.6 263.86 63.46 96626.2
32.13 3927 249.9 606.9 299.88 64.26 143978
31.35 4290 264 990 462 155.1 160281
30.36 10212 248.4 2760 1545.6 745.2 351723



32.205 4407 67.8 915.3 440.7 115.26 116216
1234.1 10234 663.01 722.4 842.8 331.1 304466



1708 6710 398.11 488 854 427 255231
31.02 3384 253.8 564 126.9 39.48 80793
1638 6615 321.22 472.5 630 280.35 207449



30.45 5510 261 1189 551 214.6 187369
73.5 14994 1127.28 1234.8 1881.6 1117.2 468111



128.7 4576 454.98 371.8 743.6 197.34 159634
84.64 13616 174.8 1619.2 1803.2 662.4 385857
86.32 23904 182.6 3984 3652 1294.8 740460



1354.5 5985 334.07 441 567 229.95 206841
2204.3 10199 536.80 427.7 559.3 220.43 298030
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A. Conversion factors from female to egg (roe) from literature.



pg/g wet f_lipid wet pg/g lipid pg/g wet f_lipid wet pg/g lipid ratio average Source Species
PCB077 3870.0 0.1690 22899.4 1340.0 0.0820 16341.5 0.714 Cook et al. 2003. lake trout
PCB077 7.9 0.0613 129.5 15.1 0.1426 105.5 0.815 deBruyn et al. 2004 premigrating sockeye salmon
PCB077 14.1 0.0101 1391.1 38.7 0.1028 376.3 0.270 deBruyn et al. 2004 postmigrating sockeye salmon



0.600
PCB081 319.0 0.1690 1887.6 99.7 0.0820 1215.9 0.644 Cook et al. 2003. lake trout
PCB081 0.7 0.0613 11.9 1.4 0.1426 10.0 0.836 deBruyn et al. 2004 premigrating sockeye salmon
PCB081 0.9 0.0101 89.1 2.8 0.1028 26.8 0.301 deBruyn et al. 2004 postmigrating sockeye salmon



0.594
PCB105 135000.0 0.1690 798816.6 43600.0 0.0820 531707.3 0.666 Cook et al. 2003. lake trout
PCB105 162.9 0.0613 2657.4 336.2 0.1426 2357.4 0.887 deBruyn et al. 2004 premigrating sockeye salmon
PCB105 144.2 0.0101 14281.2 537.1 0.1028 5224.7 0.366 deBruyn et al. 2004 postmigrating sockeye salmon
a 0.640
PCB114 12.2 0.0613 198.2 26.2 0.1426 184.0 0.928 deBruyn et al. 2004 premigrating sockeye salmon
PCB114 11.0 0.0101 1093.1 40.9 0.1028 398.1 0.364 deBruyn et al. 2004 postmigrating sockeye salmon



0.646
PCB118 342000.0 0.1690 2023668.6 111000.0 0.0820 1353658.5 0.669 Cook et al. 2003. lake trout
PCB118 409.9 0.0613 6687.3 818.3 0.1426 5738.4 0.858 deBruyn et al. 2004 premigrating sockeye salmon
PCB118 348.8 0.0101 34533.7 1282.4 0.1028 12475.0 0.361 deBruyn et al. 2004 postmigrating sockeye salmon



0.629
PCB123 13.6 0.0613 222.5 20.7 0.1426 145.0 0.652 deBruyn et al. 2004 premigrating sockeye salmon
PCB123 8.8 0.0101 875.2 30.6 0.1028 297.3 0.340 deBruyn et al. 2004 postmigrating sockeye salmon



0.496
PCB126 2470.0 0.1690 14615.4 731.0 0.0820 8914.6 0.610 Cook et al. 2003. lake trout
PCB126 2.5 0.0613 40.5 4.1 0.1426 29.0 0.718 deBruyn et al. 2004 premigrating sockeye salmon
PCB126 2.0 0.0101 200.0 6.6 0.1028 63.8 0.319 deBruyn et al. 2004 postmigrating sockeye salmon



0.549
PCB156c 60500.0 0.1690 357988.2 16200.0 0.0820 197561.0 0.552 Cook et al. 2003. lake trout
PCB156 28.5 0.0613 464.6 47.9 0.1426 335.9 0.723 deBruyn et al. 2004 premigrating sockeye salmon
PCB156 24.8 0.0101 2457.4 70.3 0.1028 684.2 0.278 deBruyn et al. 2004 postmigrating sockeye salmon



0.518
PCB157 7.9 0.0613 128.5 14.2 0.1426 99.6 0.775 deBruyn et al. 2004 premigrating sockeye salmon
PCB157 6.6 0.0101 657.4 19.8 0.1028 192.6 0.293 deBruyn et al. 2004 postmigrating sockeye salmon



0.534
PCB167 18.1 0.0613 295.4 31.6 0.1426 221.7 0.750 deBruyn et al. 2004 premigrating sockeye salmon
PCB167 17.0 0.0101 1687.1 43.2 0.1028 420.3 0.249 deBruyn et al. 2004 postmigrating sockeye salmon



0.500
PCB169 143.0 0.1690 846.2 38.3 0.0820 467.1 0.552 Cook et al. 2003. lake trout
PCB169 0.7 0.0613 11.4 0.6 0.1426 3.9 0.344 deBruyn et al. 2004 premigrating sockeye salmon
PCB169 0.5 0.0101 46.5 0.9 0.1028 8.9 0.192 deBruyn et al. 2004 postmigrating sockeye salmon



0.363
PCB189 1.5 0.0613 24.3 2.2 0.1426 15.4 0.632 deBruyn et al. 2004 premigrating sockeye salmon
PCB189 1.5 0.0101 151.5 2.2 0.1028 21.5 0.142 deBruyn et al. 2004 postmigrating sockeye salmon



0.387



Apdx C1.3 Parameters from the literature used for calcuating transfer from female to egg (A) and estimating concentrations of congeners (B) and the lipid 
content of eggs (C).



Female (Muscle) Egg (Roe) (EF) egg/female ratio
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B. Conversion factors for estimating tissue concentrations based on available data.
wet weight congener



Ratio of to basis average Site Species Source
PCB081 PCB077 0.0824 Great Lakes Lake Trout (Family Salmonid) Cook et al. 2003.
PCB081 PCB077 0.0919 Pacific NW Premigrating Sockeye Salmon (Family Salmonid) deBruyn et al. 2004
PCB081 PCB077 0.0641 Pacific NW Postmigrating Sockeye Salmon (Family Salmonid) deBruyn et al. 2004



0.0795
PCB114 PCB118 0.0178 SC natural reef Black Sea Bass (Family Serranidae - groupers) Johnston et al. 2005
PCB114 PCB118 0.0191 SC artiticial reef Black Sea Bass (Family Serranidae - groupers) Johnston et al. 2005
PCB114 PCB118 0.0191 SC natural reef Vermillion Snapper (Family Lutjanidae - snappers) Johnston et al. 2005
PCB114 PCB118 0.0206 SC artiticial reef Vermillion Snapper (Family Lutjanidae - snappers) Johnston et al. 2005
PCB114 PCB118 0.0210 SC natural reef White Grunt (Family Haemulidae - grunts) Johnston et al. 2005
PCB114 PCB118 0.0222 SC artiticial reef White Grunt (Family Haemulidae - grunts) Johnston et al. 2005
PCB114 PCB118 0.0195 0.0195 all reefex fish Johnston et al. 2005



PCB123 PCB118 0.0090 SC natural reef Black Sea Bass (Family Serranidae - groupers) Johnston et al. 2005
PCB123 PCB118 0.0117 SC artiticial reef Black Sea Bass (Family Serranidae - groupers) Johnston et al. 2005
PCB123 PCB118 0.0169 SC natural reef Vermillion Snapper (Family Lutjanidae - snappers) Johnston et al. 2005
PCB123 PCB118 0.0133 SC artiticial reef Vermillion Snapper (Family Lutjanidae - snappers) Johnston et al. 2005
PCB123 PCB118 0.0098 SC natural reef White Grunt (Family Haemulidae - grunts) Johnston et al. 2005
PCB123 PCB118 0.0110 SC artiticial reef White Grunt (Family Haemulidae - grunts) Johnston et al. 2005
PCB123 PCB118 0.0124 0.0124 all reefex fish Johnston et al. 2005



PCB156 PCB167 2.43 SC natural reef Black Sea Bass (Family Serranidae - groupers) Johnston et al. 2005
PCB156 PCB167 2.41 SC artiticial reef Black Sea Bass (Family Serranidae - groupers) Johnston et al. 2005
PCB156 PCB167 2.22 SC natural reef Vermillion Snapper (Family Lutjanidae - snappers) Johnston et al. 2005
PCB156 PCB167 2.57 SC artiticial reef Vermillion Snapper (Family Lutjanidae - snappers) Johnston et al. 2005
PCB156 PCB167 2.19 SC natural reef White Grunt (Family Haemulidae - grunts) Johnston et al. 2005
PCB156 PCB167 2.78 SC artiticial reef White Grunt (Family Haemulidae - grunts) Johnston et al. 2005
PCB156 PCB167 2.50 2.5000 all reefex fish Johnston et al. 2005



PCB157 PCB167 0.69 SC natural reef Black Sea Bass (Family Serranidae - groupers) Johnston et al. 2005
PCB157 PCB167 0.62 SC artiticial reef Black Sea Bass (Family Serranidae - groupers) Johnston et al. 2005
PCB157 PCB167 0.64 SC natural reef Vermillion Snapper (Family Lutjanidae - snappers) Johnston et al. 2005
PCB157 PCB167 0.61 SC artiticial reef Vermillion Snapper (Family Lutjanidae - snappers) Johnston et al. 2005
PCB157 PCB167 0.68 SC natural reef White Grunt (Family Haemulidae - grunts) Johnston et al. 2005
PCB157 PCB167 0.59 SC artiticial reef White Grunt (Family Haemulidae - grunts) Johnston et al. 2005
PCB157 PCB167 0.64 0.6400 all reefex fish Johnston et al. 2005



PCB157 PCB156 0.951 sinkex reference Sablefish (Familty Anoplopomatidae - sablefishes) this study
PCB157 PCB156 0.247 sinkex ship Sablefish (Familty Anoplopomatidae - sablefishes) this study
PCB157 PCB156 0.775 all sinkex fish Sablefish (Familty Anoplopomatidae - sablefishes) this study



PCB167 PCB156 3.616 sinkex reference Sablefish (Familty Anoplopomatidae - sablefishes) this study
PCB167 PCB156 0.421 sinkex ship Sablefish (Familty Anoplopomatidae - sablefishes) this study
PCB167 PCB156 2.817 all sinkex fish Sablefish (Familty Anoplopomatidae - sablefishes) this study
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PCB189 PCB180 0.0351 sinkex reference Sablefish (Familty Anoplopomatidae - sablefishes) this study
PCB189 PCB180 0.0408 sinkex ship Sablefish (Familty Anoplopomatidae - sablefishes) this study
PCB189 PCB180 0.0365 all sinkex fish Sablefish (Familty Anoplopomatidae - sablefishes) this study



C. Average lipid content of eggs (roe) reported from literature. f_LIPIDw
%lipid content (wet weight) mass fraction lipid/wet weight Average Source



8.2 0.0820 Lake Trout (Salmonid) Cook et al. 2003.
14.26 0.1426 Premigrating Sockeye Salmon (Salmonid) deBruyn et al. 2004
10.28 0.1028 Postmigrating Sockeye Salmon (Salmonid) deBruyn et al. 2004



0.1091



Species











Apdx_C1.4 TEFs



Ahlborg et al. 1994 Cook et al. 2003
code All Species Mammal_TEF Bird_TEF Fish_TEF Fish
PCB077 0.0005 0.0001 0.05 0.0001 0.00016
PCB081e 0.0001 0.1 0.0005 0.00056
PCB105 0.0001 0.0001 0.0001 0.000005 0.000005
PCB114 0.0005 0.0005 0.0001 0.000005
PCB118 0.0001 0.0001 0.00001 0.000005 0.000005
PCB123 0.0001 0.0001 0.00001 0.000005
PCB126 0.1 0.1 0.1 0.005 0.005
PCB156 0.0005 0.0005 0.0001 0.000005 0.000005
PCB157 0.0005 0.0005 0.0001 0.000005
PCB167 0.00001 0.00001 0.00001 0.000005
PCB169 0.01 0.01 0.001 0.00005 0.01
PCB170 0.0001
PCB180 0.00001
PCB189 0.0001 0.0001 0.00001 0.000005



*TEFs used in this report (see http://www.epa.gov/toxteam/pcbid/tefs.htm)



Van den Berg et al. 1998*



Apdx C1.4. Coplanar dixon-like PCB congeners and Toxicity Equivalent Factors (TEF) for mammals, birds, 
and fish.
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Apdx C1.5 The TECs for Fish using DL/2 for nondetected values



Sex %Lipid(wet) pg/g pg/g pg/g pg/g pg/g pg/g pg/g
ID_to_use Lab ID Species Site SEX LIPIDW TECF077 TECF081e TECF105 TECF114e TECF118 TECF123e TECF126
5SX013.605 5SX013.68 fish reference F 16.27 2.55E-01 1.01E-01 7.73E-03 4.13E-04 2.12E-02 2.63E-04 1.59E-01
4SX022.600 4SX022.64 fish reference F 23.01 1.52E-02 6.04E-03 9.36E-03 7.98E-04 4.10E-02 5.08E-04 2.34E+00
5SX013.603 5SX013.64 fish reference F 15.50 3.78E-01 1.50E-01 1.73E-02 1.04E-03 5.36E-02 6.64E-04 1.73E-01
5SX012.604 5SX012.68 fish reference F 17.26 1.09E-02 4.32E-03 9.14E-03 5.37E-04 2.76E-02 3.42E-04 1.74E-01
5SX012.601 5SX012.62 fish reference F 22.44 2.99E-01 1.19E-01 1.17E-02 6.64E-04 3.41E-02 4.23E-04 4.50E-04
5SX013.601 5SX013.62 fish reference F 17.00 2.17E-01 8.63E-02 6.91E-03 4.39E-04 2.26E-02 2.80E-04 1.69E-01
5SX012.603 5SX012.66 fish reference F 16.43 3.79E-01 1.51E-01 3.95E-02 1.75E-03 9.01E-02 1.12E-03 1.50E-01
4SX024.603 4SX024.62 fish reference F 22.53 1.89E-02 7.51E-03 9.07E-03 8.47E-04 4.35E-02 5.39E-04 3.21E-01
5SX011.604 5SX011.68 fish reference F 15.57 1.36E-02 5.39E-03 1.07E-02 7.82E-04 4.02E-02 4.98E-04 2.15E-01
2SX0071 2SX0071 fish reference F 21.22 5.09E-01 2.02E-01 3.05E-02 1.55E-03 7.97E-02 9.88E-04 4.92E+00
2SX0070.600 2SX0070R fish reference F 21.73 2.07E-02 8.23E-03 4.00E-02 1.90E-03 9.77E-02 1.21E-03 8.14E-01
5SX013.600 5SX013.60 fish reference F 16.56 3.08E-01 1.22E-01 1.10E-02 5.36E-04 2.75E-02 3.42E-04 1.70E-01
5SX011.600 5SX011.60 fish reference determina 18.33 1.71E-02 6.80E-03 6.16E-03 7.99E-04 4.10E-02 5.09E-04 2.74E-01
4SX024.602 4SX024.61 fish reference determina 19.83 1.71E-02 6.78E-03 9.51E-03 8.07E-04 4.14E-02 5.14E-04 2.84E-01
5SX012.602 5SX012.64 fish reference determina 18.68 1.08E-02 4.29E-03 6.60E-03 3.76E-04 1.93E-02 2.40E-04 1.69E-01
5SX012.600 5SX012.60 fish reference determina 14.10 2.88E-01 1.15E-01 1.51E-02 7.78E-04 4.00E-02 4.96E-04 1.64E-01
5SX011.603 5SX011.66 fish reference determina 19.30 1.60E-02 6.34E-03 1.39E-02 1.06E-03 5.42E-02 6.73E-04 2.71E-01
5SX011.602 5SX011.64 fish reference determina 17.84 2.77E-01 1.10E-01 6.51E-03 3.90E-04 2.00E-02 2.49E-04 1.67E-01
5SX011.601 5SX011.62 fish reference determina 18.64 3.50E-01 1.39E-01 9.28E-03 4.87E-04 2.50E-02 3.10E-04 1.79E-01
5SX013.604 5SX013.66 fish reference Male 19.47 4.29E-01 1.70E-01 1.35E-02 6.43E-04 3.30E-02 4.09E-04 1.73E-01
ref_average 18.584 0.191 0.076 0.014 0.001 0.043 0.001 0.564
5SX014.601 5SX014.62 fish ship F 13.08 4.42E-01 1.75E-01 2.76E-02 1.37E-03 7.04E-02 8.73E-04 1.66E-01
5SX014.600 5SX014.60 fish ship F 17.93 1.12E-02 4.45E-03 9.83E-03 5.28E-04 2.71E-02 3.36E-04 1.78E-01
2SX0076.600 2SX0076 fish ship F 14.63 2.92E-01 1.16E-01 2.41E-02 1.26E-03 6.47E-02 8.03E-04 5.72E-01
2SX0067.600 2SX0067 fish ship F 15.25 1.37E+00 5.45E-01 1.37E-02 8.62E-04 4.42E-02 5.48E-04 3.05E+01
5SX014.602 5SX014.64 fish ship determina 13.40 1.44E-01 5.72E-02 6.06E-03 3.02E-04 1.55E-02 1.92E-04 1.69E-01
2SX0074.600 2SX0074 fish ship Male 16.07 4.41E-01 1.75E-01 1.73E-02 9.51E-04 4.88E-02 6.06E-04 8.66E+00
5SX014.603 5SX014.66 fish ship Male 12.50 2.81E-01 1.12E-01 1.60E-02 7.34E-04 3.77E-02 4.68E-04 1.67E-01
2SX0066.600 2SX0066R fish ship Male 18.08 2.06E-02 8.18E-03 4.85E-02 2.35E-03 1.21E-01 1.49E-03 8.82E-01
2SX0077.600 2SX0077R fish ship nr 17.16 3.72E-02 1.48E-02 1.43E-02 6.13E-04 3.15E-02 3.90E-04 1.57E+00
2SX0081.600 2SX0081 fish ship nr 22.89 2.94E-02 1.17E-02 4.42E-02 2.04E-03 1.05E-01 1.30E-03 4.60E-01
2SX0080.600 2SX0080 fish ship nr 23.11 2.99E-02 1.19E-02 1.38E-01 4.85E-03 2.49E-01 3.09E-03 9.30E-01
2SX0079.600 2SX0079 fish ship nr 16.63 3.47E-01 1.38E-01 2.05E-02 9.82E-04 5.04E-02 6.25E-04 2.84E+00
2SX0078.600 2SX0078 fish ship nr 19.54 5.26E-01 2.09E-01 1.97E-02 1.28E-03 6.58E-02 8.16E-04 5.92E+00
ship_avg 16.944 0.306 0.121 0.031 0.001 0.072 0.001 4.078



wet weight fillet concentratio
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Apdx C1.5 The 



ID_to_use
5SX013.605
4SX022.600
5SX013.603
5SX012.604
5SX012.601
5SX013.601
5SX012.603
4SX024.603
5SX011.604
2SX0071
2SX0070.600
5SX013.600
5SX011.600
4SX024.602
5SX012.602
5SX012.600
5SX011.603
5SX011.602
5SX011.601
5SX013.604
ref_average
5SX014.601
5SX014.600
2SX0076.600
2SX0067.600
5SX014.602
2SX0074.600
5SX014.603
2SX0066.600
2SX0077.600
2SX0081.600
2SX0080.600
2SX0079.600
2SX0078.600
ship_avg



pg/g pg/g pg/g pg/g pg/g pg/g pg/g
TECF156 TECF157 TECF167 TECF169 TECF189 FTEQ_W FTEQ_L TEGG077 TEGG081e TEGG105 TEGG114e



3.03E-03 1.21E-03 1.21E-03 6.06E-03 1.21E-03 5.57E-01 3.42E+00 9.38E-01 3.69E-01 3.04E-02 1.64E-03
2.73E-04 6.24E-04 3.71E-03 1.68E-02 4.68E-04 2.43E+00 1.06E+01 3.96E-02 1.56E-02 2.60E-02 2.24E-03
4.10E-03 1.34E-03 3.62E-03 8.82E-03 1.34E-03 7.93E-01 5.12E+00 1.46E+00 5.76E-01 7.15E-02 4.35E-03
3.48E-03 7.83E-04 1.60E-03 2.03E-03 3.26E-04 2.35E-01 1.36E+00 3.78E-02 1.49E-02 3.39E-02 2.01E-03
3.79E-03 3.13E-04 2.84E-03 5.50E-06 3.13E-04 4.73E-01 2.11E+00 8.00E-01 3.15E-01 3.35E-02 1.91E-03
2.68E-03 1.27E-03 1.27E-03 5.50E-03 1.27E-03 5.15E-01 3.03E+00 7.66E-01 3.01E-01 2.60E-02 1.67E-03
2.21E-02 1.19E-03 7.90E-03 1.82E-03 1.19E-03 8.47E-01 5.15E+00 1.38E+00 5.45E-01 1.54E-01 6.90E-03
3.59E-04 6.05E-04 2.84E-03 3.78E-03 6.05E-04 4.10E-01 1.82E+00 5.03E-02 1.98E-02 2.58E-02 2.43E-03
2.42E-04 4.16E-04 3.32E-03 2.56E-03 4.16E-04 2.93E-01 1.88E+00 5.23E-02 2.06E-02 4.38E-02 3.25E-03
1.86E-02 1.77E-02 6.74E-02 1.53E-02 2.26E-03 5.86E+00 2.76E+01 1.44E+00 5.65E-01 9.19E-02 4.73E-03
2.07E-02 1.97E-02 7.49E-02 5.03E-03 4.83E-03 1.11E+00 5.10E+00 5.72E-02 2.25E-02 1.18E-01 5.66E-03
4.05E-03 1.30E-03 1.30E-03 2.11E-03 1.30E-03 6.50E-01 3.92E+00 1.11E+00 4.39E-01 4.26E-02 2.09E-03
3.25E-04 5.47E-04 2.22E-03 3.42E-03 5.47E-04 3.53E-01 1.93E+00
3.17E-04 5.28E-04 1.87E-03 3.33E-03 5.28E-04 3.67E-01 1.85E+00
1.51E-03 3.22E-04 1.22E-03 2.01E-03 3.22E-04 2.16E-01 1.16E+00
6.81E-03 1.24E-03 1.24E-03 2.00E-03 1.24E-03 6.35E-01 4.51E+00
3.03E-04 1.34E-03 3.35E-03 3.19E-03 1.04E-03 3.72E-01 1.93E+00
2.00E-03 1.40E-03 1.25E-03 2.00E-03 1.25E-03 5.89E-01 3.31E+00
3.03E-03 1.25E-03 1.79E-03 2.14E-03 1.25E-03 7.12E-01 3.82E+00
4.95E-03 1.32E-03 1.32E-03 9.74E-03 1.32E-03 8.39E-01 4.31E+00



0.005 0.003 0.009 0.005 0.001 0.913 4.696 0.678 0.267 0.058 0.003
1.52E-02 1.24E-03 5.52E-03 1.52E-02 1.24E-03 9.21E-01 7.04E+00 2.02E+00 7.97E-01 1.35E-01 6.77E-03
3.56E-03 7.12E-04 2.03E-03 2.12E-03 3.39E-04 2.40E-01 1.34E+00 3.74E-02 1.47E-02 3.51E-02 1.90E-03
1.96E-02 4.84E-03 8.25E-03 1.10E-02 3.32E-03 1.12E+00 7.64E+00 1.20E+00 4.71E-01 1.05E-01 5.57E-03
9.15E-03 2.26E-03 3.86E-03 9.15E-03 1.99E-03 3.25E+01 2.13E+02 5.40E+00 2.12E+00 5.76E-02 3.65E-03
1.69E-03 1.27E-03 1.27E-03 1.41E-02 1.27E-03 4.12E-01 3.07E+00
1.15E-02 2.84E-03 4.85E-03 2.05E-02 1.61E-03 9.39E+00 5.84E+01
5.80E-03 1.31E-03 1.31E-03 7.83E-03 1.31E-03 6.32E-01 5.06E+00
2.06E-02 5.09E-03 8.67E-03 5.29E-03 5.64E-03 1.13E+00 6.24E+00
6.58E-03 1.63E-03 2.77E-03 9.30E-03 2.27E-03 1.69E+00 9.87E+00
2.21E-02 4.60E-03 6.81E-03 5.52E-03 8.74E-04 6.93E-01 3.03E+00
4.81E-02 9.13E-04 1.49E-02 5.64E-03 9.13E-04 1.44E+00 6.22E+00
1.31E-02 3.23E-03 5.51E-03 7.40E-03 1.67E-03 3.42E+00 2.06E+01
2.14E-02 5.29E-03 9.01E-03 1.61E-02 2.68E-03 6.80E+00 3.48E+01



0.015 0.003 0.006 0.010 0.002 4.645 28.959 2.164 0.852 0.083 0.004



on  wet weight TEC in
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Apdx C1.5 The 



ID_to_use
5SX013.605
4SX022.600
5SX013.603
5SX012.604
5SX012.601
5SX013.601
5SX012.603
4SX024.603
5SX011.604
2SX0071
2SX0070.600
5SX013.600
5SX011.600
4SX024.602
5SX012.602
5SX012.600
5SX011.603
5SX011.602
5SX011.601
5SX013.604
ref_average
5SX014.601
5SX014.600
2SX0076.600
2SX0067.600
5SX014.602
2SX0074.600
5SX014.603
2SX0066.600
2SX0077.600
2SX0081.600
2SX0080.600
2SX0079.600
2SX0078.600
ship_avg



pg/lipid pg/wet pg/wet
TEGG118 TEGG123e TEGG126 TEGG156 TEGG157 TEGG167 TEGG169 TEGG189 TEQ_EGGL TEQ_EGGw TEQ_EGGx



8.20E-02 8.01E-04 5.37E-01 9.64E-03 3.98E-03 3.72E-03 1.35E-02 2.88E-03 1.992 0.217 0.0324
1.12E-01 1.09E-03 5.58E+00 6.14E-04 1.45E-03 8.05E-03 2.64E-02 7.87E-04 5.816 0.635 0.1338
2.17E-01 2.12E-03 6.14E-01 1.37E-02 4.61E-03 1.17E-02 2.06E-02 3.34E-03 3.001 0.328 0.0465
1.00E-01 9.82E-04 5.53E-01 1.04E-02 2.42E-03 4.62E-03 4.27E-03 7.31E-04 0.766 0.084 0.0132
9.57E-02 9.35E-04 1.10E-03 8.75E-03 7.44E-04 6.33E-03 8.89E-06 5.39E-04 1.265 0.138 0.0284
8.35E-02 8.16E-04 5.46E-01 8.16E-03 3.98E-03 3.73E-03 1.17E-02 2.89E-03 1.756 0.192 0.0299
3.45E-01 3.37E-03 5.01E-01 6.97E-02 3.85E-03 2.40E-02 4.01E-03 2.79E-03 3.043 0.332 0.0500
1.21E-01 1.19E-03 7.83E-01 8.25E-04 1.43E-03 6.29E-03 6.09E-03 1.04E-03 1.019 0.111 0.0230
1.62E-01 1.59E-03 7.57E-01 8.06E-04 1.42E-03 1.07E-02 5.97E-03 1.03E-03 1.061 0.116 0.0165
2.36E-01 2.31E-03 1.27E+01 4.55E-02 4.46E-02 1.59E-01 2.61E-02 4.12E-03 15.330 1.673 0.3253
2.83E-01 2.76E-03 2.06E+00 4.94E-02 4.84E-02 1.72E-01 8.40E-03 8.61E-03 2.832 0.309 0.0615
1.05E-01 1.02E-03 5.64E-01 1.27E-02 4.18E-03 3.91E-03 4.61E-03 3.03E-03 2.296 0.251 0.0380



0.162 0.002 2.101 0.019 0.010 0.035 0.011 0.003 3.348 0.365 0.067
3.39E-01 3.31E-03 6.95E-01 6.01E-02 5.07E-03 2.11E-02 4.21E-02 3.67E-03 4.131 0.451 0.0540
9.52E-02 9.30E-04 5.45E-01 1.03E-02 2.12E-03 5.67E-03 4.29E-03 7.31E-04 0.753 0.082 0.0135
2.78E-01 2.72E-03 2.15E+00 6.92E-02 1.77E-02 2.82E-02 2.72E-02 8.77E-03 4.357 0.475 0.0637
1.83E-01 1.78E-03 1.10E+02 3.11E-02 7.92E-03 1.26E-02 2.18E-02 5.05E-03 117.620 12.836 1.7937



0.224 0.002 28.290 0.043 0.008 0.017 0.024 0.005 31.715 3.461 0.481



n Egg calculated from PCBs measured in female (lipid-based) TEQ for Egg
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Apdx C1.6 Summary stats for the fish data TEQs based on muscle tissues.



species site n mean stdev min max site n mean stdev min max
Sablefish Reference 20 0.91 1.26 0.22 5.86 Ship 13 4.65 8.81 0.24 32.50



species site n mean stdev min max site n mean stdev min max
Sablefish Reference 20 4.70 5.80 1.16 27.61 Ship 13 28.96 57.67 1.34 213.14



species site n mean stdev min max site n mean stdev min max
Sablefish Reference 12 3.348 4.015 0.766 15.330 Target 4 31.715 57.293 0.753 117.620



3.000



site site n mean stdev min max site n mean stdev min max
Sablefish Reference 12 0.37 0.44 0.08 1.67 Target 4 3.46 6.25 0.08 12.84



0.30 5.00
0.30



Average precent of total TEQ contributed by individual congeners.



Fish TEQ pg/g whole body wet weight



Fish TEQ pg/g whole body lipid weight (wet)



Fish TEQ Egg pg/g lipid (wet)



Fish TEQ Egg wet weight 
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Apdx C2.1 These are the concentrations of PCBs measured in liver sample with the Non Detects (ND) set to the (sample dection limit)/2. liver
Total LengtTotal Weig Sex Percent Dry Weight %Lipid(wet f_Lipid (Drypg/g wet pg/g wet



ID_to_use Lab ID Species Site LEN WEIGHT SEX DRY LIPIDW LIPIDD Homo_CL1Homo_CL2
5SX011.605SX011.64 fish reference 480 1380 Indetermina 42.00 27.342 65.1000 92.4 92.4
4SX022.604SX022.64 fish reference 575 2410 F 34.60 19.376 56.0000 114.18 114.18
5SX011.605SX011.60 fish reference 635 1550 Indetermina 56.10 45.7776 81.6000 190.74 190.74
5SX012.605SX012.60 fish reference 470 1220 Indetermina 44.40 36.3636 81.9000 193.14 193.14
5SX011.605SX011.62 fish reference 510 1400 Indetermina 50.70 40.3065 79.5000 420.81 195.195
5SX011.605SX011.68 fish reference 530 1790 F 43.00 38.184 88.8000 193.5 193.5
5SX012.605SX012.68 fish reference 460 1090 F 43.30 32.9513 76.1000 197.015 197.015
5SX013.605SX013.64 fish reference 520 1610 F 43.40 33.0708 76.2000 195.3 195.3
5SX013.605SX013.62 fish reference 515 1600 F 43.50 32.9295 75.7000 195.75 195.75
5SX011.605SX011.66 fish reference 500 1450 Indetermina 42.40 31.2488 73.7000 199.28 199.28
5SX013.605SX013.68 fish reference 490 1400 F 46.80 39.8268 85.1000 234 234
5SX013.605SX013.60 fish reference 520 1810 F 53.20 43.7304 82.2000 250.04 250.04
5SX012.605SX012.66 fish reference 510 1640 F 46.30 37.966 82.0000 254.65 254.65
5SX013.605SX013.66 fish reference 455 1390 Male 47.60 45.5056 95.6000 238 238
5SX012.605SX012.64 fish reference 485 1790 Indetermina 46.90 40.0057 85.3000 257.95 257.95
5SX012.605SX012.62 fish reference 515 1700 F 50.00 37.75 75.5000 500 500
4SX024.604SX024.62 fish reference 462 1220 F 39.03
2SX0071 2SX0071 fish reference 510 1530 F 39.03
2SX0070.62SX0070Re-Afish reference 540 2205 F 39.03
4SX024.604SX024.61 fish reference 470 1090 Indetermina 39.03
2SX0074.62SX0074 fish ship 485 1358 Male 41.30 24.0779 58.3000 148.68 148.68
2SX0066.62SX0066Re-Afish ship 455 975 Male 50.40 36.036 71.5000 176.4 176.4
5SX014.605SX014.60 fish ship 525 1620 F 49.50 40.5405 81.9000 198 198
2SX0076.62SX0076 fish ship 498 1420 F 48.80 40.4552 82.9000 244 244
5SX014.605SX014.62 fish ship 530 1640 F
2SX0067.62SX0067 fish ship 490 1260 F 39.03
5SX014.605SX014.64 fish ship 450 1010 Indetermina 39.03
5SX014.605SX014.66 fish ship 480 1350 Male 39.03
2SX0077.62SX0077Re-Afish ship 475 1160 nr 39.03
2SX0081.62SX0081 fish ship 460 1080 nr 39.03
2SX0080.62SX0080 fish ship 474 1260 nr 39.03
2SX0079.62SX0079 fish ship 480 1280 nr 39.03
2SX0078.62SX0078 fish ship 487 1480 nr 39.03
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These are the concentrations of PCB



Lab ID Species Site
5SX011.64 fish reference
4SX022.64 fish reference
5SX011.60 fish reference
5SX012.60 fish reference
5SX011.62 fish reference
5SX011.68 fish reference
5SX012.68 fish reference
5SX013.64 fish reference
5SX013.62 fish reference
5SX011.66 fish reference
5SX013.68 fish reference
5SX013.60 fish reference
5SX012.66 fish reference
5SX013.66 fish reference
5SX012.64 fish reference
5SX012.62 fish reference
4SX024.62 fish reference
2SX0071 fish reference
2SX0070Re-Afish reference
4SX024.61 fish reference
2SX0074 fish ship
2SX0066Re-Afish ship
5SX014.60 fish ship
2SX0076 fish ship
5SX014.62 fish ship
2SX0067 fish ship
5SX014.64 fish ship
5SX014.66 fish ship
2SX0077Re-Afish ship
2SX0081 fish ship
2SX0080 fish ship
2SX0079 fish ship
2SX0078 fish ship



liver liver liver liver liver liver liver liver liver
pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet
Homo_CL3 Homo_CL4 Homo_CL5 Homo_CL6 Homo_CL7 Homo_CL8 Homo_CL9 PCB008 PCB018



630 15540 40740 58800 31920 10920 1050 44.1 77.7
519 13494 48440 86500 30102 2802.6 114.18 55.36 96.88



1570.8 28611 84150 134640 78540 7293 190.74 92.565 162.69
1110 26640 115440 204240 93240 31524 2530.8 93.24 164.28
507 20280 81120 141960 70980 8112 195.195 93.795 164.775



1032 27520 94600 167700 77400 23220 2365 94.6 165.55
866 20351 60620 129900 73610 7794 1385.6 95.26 166.705



1345.4 32984 186620 316820 121520 19964 911.4 95.48 167.09
1218 19575 60900 95700 56550 25230 1305 95.7 167.475



1229.6 24592 93280 148400 80560 22472 199.28 97.52 169.6
1497.6 25740 84240 102960 56160 23868 1263.6 119.34 210.6
851.2 28728 79800 143640 63840 22344 250.04 119.7 212.8



1018.6 36114 208350 509300 259280 60190 2778 120.38 208.35
1380.4 35224 90440 142800 85680 17612 1237.6 121.38 214.2
797.3 23450 46900 75040 51590 5628 257.95 121.94 211.05
1100 25000 80000 105000 70000 8000 500 240 425



826 17759 49560 86730 49560 15281 148.68 72.275 125.965
176.4 29736 171360 282240 151200 29736 12096 85.68 151.2
643.5 25740 212850 480150 237600 59400 18315 96.525 168.3
1464 21960 92720 117120 65880 26840 707.6 119.56 208.62
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These are the concentrations of PCB



Lab ID Species Site
5SX011.64 fish reference
4SX022.64 fish reference
5SX011.60 fish reference
5SX012.60 fish reference
5SX011.62 fish reference
5SX011.68 fish reference
5SX012.68 fish reference
5SX013.64 fish reference
5SX013.62 fish reference
5SX011.66 fish reference
5SX013.68 fish reference
5SX013.60 fish reference
5SX012.66 fish reference
5SX013.66 fish reference
5SX012.64 fish reference
5SX012.62 fish reference
4SX024.62 fish reference
2SX0071 fish reference
2SX0070Re-Afish reference
4SX024.61 fish reference
2SX0074 fish ship
2SX0066Re-Afish ship
5SX014.60 fish ship
2SX0076 fish ship
5SX014.62 fish ship
2SX0067 fish ship
5SX014.64 fish ship
5SX014.66 fish ship
2SX0077Re-Afish ship
2SX0081 fish ship
2SX0080 fish ship
2SX0079 fish ship
2SX0078 fish ship



liver liver liver liver liver liver liver liver liver liver liver
pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet
PCB028 PCB044 PCB049 PCB052 PCB066 PCB077 PCB081e PCB087 PCB101 PCB105 PCB114e



672 504 546 1176 1134 81.9 6.51 1638 4116 2100 114.54
280.26 346 553.6 865 1418.6 102.07 8.11 2249 5882 2871.8 161.76
1626.9 1402.5 1458.6 2580.6 2131.8 171.105 13.60 3422.1 10659 5610 349.70
1154.4 204.24 1509.6 2086.8 2664 173.16 13.76 4884 11988 8880 458.40
709.8 202.8 1166.1 1673.1 2230.8 172.38 13.70 2889.9 8619 4664.4 256.79
1118 202.1 1290 2236 2881 172 13.67 4128 10320 7310 402.07



909.3 1039.2 866 1602.1 1948.5 175.365 13.94 3117.6 8227 3637.2 253.05
1302 1692.6 1475.6 2951.2 4166.4 175.77 13.97 4774 17794 7812 557.99
1131 1087.5 1087.5 1914 1914 174 13.83 2523 6960 3610.5 254.21



1017.6 207.76 1060 2035.2 3392 178.08 14.15 3858.4 10600 5512 346.90
1404 936 1591.2 2340 2714.4 219.96 17.48 4399.2 8424 5148 264.38



1010.8 744.8 1649.2 2181.2 2234.4 223.44 17.76 4362.4 10108 6384 352.35
1064.9 1203.8 1527.9 2361.3 4259.6 219.925 17.48 10186 22687 22687 1262.69



1428 1332.8 1808.8 2665.6 3379.6 223.72 17.78 4426.8 12852 7616 380.17
1219.4 257.95 1360.1 2157.4 1735.3 222.775 17.71 3236.1 6566 2720.2 173.59



1150 525 1300 2900 2000 450 35.76 3350 8500 5500 272.72



826 619.5 826 1528.1 1569.4 132.16 10.50 1858.5 5782 2684.5 128.72
168.84 1209.6 1260 2016 3830.4 158.76 12.62 7056 19152 12096 638.16



693 841.5 1188 1881 3762 178.2 14.16 12375 29700 23265 1157.11
1439.6 927.2 1195.6 1854.4 2342.4 220.82 17.55 3684.4 9516 5368 299.45
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These are the concentrations of PCB



Lab ID Species Site
5SX011.64 fish reference
4SX022.64 fish reference
5SX011.60 fish reference
5SX012.60 fish reference
5SX011.62 fish reference
5SX011.68 fish reference
5SX012.68 fish reference
5SX013.64 fish reference
5SX013.62 fish reference
5SX011.66 fish reference
5SX013.68 fish reference
5SX013.60 fish reference
5SX012.66 fish reference
5SX013.66 fish reference
5SX012.64 fish reference
5SX012.62 fish reference
4SX024.62 fish reference
2SX0071 fish reference
2SX0070Re-Afish reference
4SX024.61 fish reference
2SX0074 fish ship
2SX0066Re-Afish ship
5SX014.60 fish ship
2SX0076 fish ship
5SX014.62 fish ship
2SX0067 fish ship
5SX014.64 fish ship
5SX014.66 fish ship
2SX0077Re-Afish ship
2SX0081 fish ship
2SX0080 fish ship
2SX0079 fish ship
2SX0078 fish ship



liver liver liver liver liver liver liver liver liver liver
pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet
PCB118 PCB123e PCB126 PCB128 PCB138 PCB153 PCB156 PCB157 PCB167 PCB169



5880 72.92 132.3 1218 7980 13860 798.00 92.40 420.00 126
8304 102.99 166.08 1764.6 12456 17992 1003.40 114.18 380.6 157.43



17952 222.64 277.695 4544.1 23562 36465 1907.40 190.74 190.74 263.67
23532 291.84 288.6 7548 43512 62160 3996.00 193.14 1998 266.4
13182 163.48 278.85 4309.5 21294 33462 2129.40 195.20 963.30 253.5
20640 255.98 279.5 6450 33970 51600 2795.00 193.50 1548 258
12990 161.10 281.45 3897 25114 39403 2251.60 197.02 779.4 259.8
28644 355.24 282.1 10416 60760 108500 2256.80 195.30 1649.2 260.4
13050 161.85 282.75 2958 19140 28710 1566.00 195.75 826.5 261
17808 220.85 296.8 4155.2 25440 39432 2332.00 199.28 1187.2 275.6
13572 168.32 351 4071.6 18252 29016 2059.20 234.00 234 327.6
18088 224.33 372.4 5266.8 22876 35644 2819.60 250.04 1489.6 345.8
64820 803.90 347.25 20372 111120 157420 11112.00 2592.80 4305.9 347.25
19516 242.04 357 5712 26656 40936 3665.20 238.00 1570.8 333.2
8911 110.51 351.75 2767.1 10318 17353 1500.80 257.95 257.95 351.75



14000 173.63 725 4200 20000 30000 2200.00 500.00 500 675



6608 81.95 206.5 2065 15694 23128 784.70 148.68 454.30 204.435
32760 406.29 252 10080 55440 85680 5040.00 1310.40 2872.8 244.44
59400 736.68 297 19305 94050 133650 10890.00 2376.00 4554 272.25
15372 190.64 353.8 4318.8 23668 34160 2342.40 512.40 1122.40 341.6
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These are the concentrations of PCB



Lab ID Species Site
5SX011.64 fish reference
4SX022.64 fish reference
5SX011.60 fish reference
5SX012.60 fish reference
5SX011.62 fish reference
5SX011.68 fish reference
5SX012.68 fish reference
5SX013.64 fish reference
5SX013.62 fish reference
5SX011.66 fish reference
5SX013.68 fish reference
5SX013.60 fish reference
5SX012.66 fish reference
5SX013.66 fish reference
5SX012.64 fish reference
5SX012.62 fish reference
4SX024.62 fish reference
2SX0071 fish reference
2SX0070Re-Afish reference
4SX024.61 fish reference
2SX0074 fish ship
2SX0066Re-Afish ship
5SX014.60 fish ship
2SX0076 fish ship
5SX014.62 fish ship
2SX0067 fish ship
5SX014.64 fish ship
5SX014.66 fish ship
2SX0077Re-Afish ship
2SX0081 fish ship
2SX0080 fish ship
2SX0079 fish ship
2SX0078 fish ship



liver liver liver liver liver liver liver liver liver liver
pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet pg/g wet
PCB170 PCB180 PCB183 PCB184 PCB187 PCB189 PCB195 PCB206 PCB209 tPCBw



2100 6300 1428 69.3 3528 92.40 79.8 756 151.2 159936
2179.8 6228 1730 86.5 4152 114.18 98.61 242.2 190.3 182390.44
4431.9 13464 3309.9 145.86 10098 190.74 165.495 392.7 308.55 335685.57



9768 27972 6660 146.52 16872 193.14 168.72 2264.4 1554 476665.08
4005.3 11661 3396.9 147.03 9126 195.20 167.31 405.6 329.55 324099.75



6450 21070 5160 146.2 12470 193.5 167.7 1677 322.5 394546.5
4763 17320 4113.5 149.385 12124 197.015 171.035 411.35 324.75 295245.38
6944 31682 6944 147.56 26908 195.3 169.26 412.3 325.5 680880.9



4219.5 12615 3132 147.9 8700 195.75 169.65 413.25 326.25 261195.75
5936 15264 3519.2 150.52 11448 199.28 173.84 424 339.2 371470.64
4446 13104 2667.6 187.2 8424 234 215.28 514.8 421.2 296618.4
5852 15428 4043.2 188.86 11172 250.04 215.46 532 425.6 340378.92



23613 74080 16205 185.2 40744 254.65 2778 2500.2 416.7 1077956.6
6188 18088 4236.4 190.4 10472 238 218.96 523.6 428.4 375278.4



2907.8 7035 2438.8 187.6 5159 257.95 215.74 515.9 422.1 204601.25
6000 11500 3800 375 7000 500 425 1050 825 291425



1899.8 7434 1817.2 111.51 7434 148.68 128.03 309.75 247.8 220409.84
13104 40824 8568 133.56 23688 176.4 1864.8 2923.2 1411.2 678308.4
25740 69300 16830 150.975 39600 198 3366 4752 2178 1037272.5



4855.6 14152 3367.2 186.66 9516 244.00 213.5 1085.8 646.6 327826.2
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Apdx_C2.2 TEC_fish-liver



Apdx C2.2 The TECs for Fish using DL/2 for nondetected values



Sex %Lipid(wet) pg/g pg/g pg/g pg/g pg/g pg/g pg/g pg/g
ID_to_useLab SpecieSite SEX LIPIDW TECF077 TECF081e TECF105 TECF114e TECF118 TECF123e TECF126 TECF156
5SX011.605SXfish reference F 27.34 8.19E-03 3.25E-03 1.05E-02 5.73E-04 2.94E-02 3.65E-04 6.62E-01 3.99E-03
4SX022.604SXfish reference F 19.38 1.02E-02 4.06E-03 1.44E-02 8.09E-04 4.15E-02 5.15E-04 8.30E-01 5.02E-03
5SX011.605SXfish reference F 45.78 1.71E-02 6.80E-03 2.81E-02 1.75E-03 8.98E-02 1.11E-03 1.39E+00 9.54E-03
5SX012.605SXfish reference F 36.36 1.73E-02 6.88E-03 4.44E-02 2.29E-03 1.18E-01 1.46E-03 1.44E+00 2.00E-02
5SX011.605SXfish reference F 40.31 1.72E-02 6.85E-03 2.33E-02 1.28E-03 6.59E-02 8.17E-04 1.39E+00 1.06E-02
5SX011.605SXfish reference F 38.18 1.72E-02 6.83E-03 3.66E-02 2.01E-03 1.03E-01 1.28E-03 1.40E+00 1.40E-02
5SX012.605SXfish reference F 32.95 1.75E-02 6.97E-03 1.82E-02 1.27E-03 6.50E-02 8.06E-04 1.41E+00 1.13E-02
5SX013.605SXfish reference F 33.07 1.76E-02 6.98E-03 3.91E-02 2.79E-03 1.43E-01 1.78E-03 1.41E+00 1.13E-02
5SX013.605SXfish reference F 32.93 1.74E-02 6.91E-03 1.81E-02 1.27E-03 6.53E-02 8.09E-04 1.41E+00 7.83E-03
5SX011.605SXfish reference F 31.25 1.78E-02 7.08E-03 2.76E-02 1.73E-03 8.90E-02 1.10E-03 1.48E+00 1.17E-02
5SX013.605SXfish reference F 39.83 2.20E-02 8.74E-03 2.57E-02 1.32E-03 6.79E-02 8.42E-04 1.76E+00 1.03E-02
5SX013.605SXfish reference F 43.73 2.23E-02 8.88E-03 3.19E-02 1.76E-03 9.04E-02 1.12E-03 1.86E+00 1.41E-02
5SX012.605SXfish reference F 37.97 2.20E-02 8.74E-03 1.13E-01 6.31E-03 3.24E-01 4.02E-03 1.74E+00 5.56E-02
5SX013.605SXfish reference Male 45.51 2.24E-02 8.89E-03 3.81E-02 1.90E-03 9.76E-02 1.21E-03 1.79E+00 1.83E-02
5SX012.605SXfish reference determina 40.01 2.23E-02 8.85E-03 1.36E-02 8.68E-04 4.46E-02 5.53E-04 1.76E+00 7.50E-03
5SX012.605SXfish reference F 37.75 4.50E-02 1.79E-02 2.75E-02 1.36E-03 7.00E-02 8.68E-04 3.63E+00 1.10E-02
ref_average 36.396 0.020 0.008 0.032 0.002 0.094 0.001 1.585 0.014



2SX0074.62SXfish ship F 24.08 1.32E-02 5.25E-03 1.34E-02 6.44E-04 3.30E-02 4.10E-04 1.03E+00 3.92E-03
2SX0066.62SXfish ship F 36.04 1.59E-02 6.31E-03 6.05E-02 3.19E-03 1.64E-01 2.03E-03 1.26E+00 2.52E-02
5SX014.605SXfish ship F 40.54 1.78E-02 7.08E-03 1.16E-01 5.79E-03 2.97E-01 3.68E-03 1.49E+00 5.45E-02
2SX0076.62SXfish ship F 40.46 2.21E-02 8.77E-03 2.68E-02 1.50E-03 7.69E-02 9.53E-04 1.77E+00 1.17E-02
ship_avg 35.277 0.017 0.007 0.054 0.003 0.143 0.002 1.387 0.024



wet weight fillet concentration
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Apdx C2.2



ID_to_use
5SX011.60
4SX022.60
5SX011.60
5SX012.60
5SX011.60
5SX011.60
5SX012.60
5SX013.60
5SX013.60
5SX011.60
5SX013.60
5SX013.60
5SX012.60
5SX013.60
5SX012.60
5SX012.60
ref_averag



2SX0074.6
2SX0066.6
5SX014.60
2SX0076.6
ship_avg



pg/g pg/g pg/g pg/g pg/g pg/g
TECF157 TECF167 TECF169 TECF189 FTEQ_W FTEQ_L TEGG077 TEGG081e TEGG105 TEGG114e TEGG118



4.62E-04 2.10E-03 6.30E-03 4.62E-04 7.27E-01 2.66E+00 1.80E-02 7.07E-03 2.46E-02 1.35E-03 6.77E-02
5.71E-04 1.90E-03 7.87E-03 5.71E-04 9.18E-01 4.74E+00 3.16E-02 1.24E-02 4.74E-02 2.70E-03 1.35E-01
9.54E-04 9.54E-04 1.32E-02 9.54E-04 1.56E+00 3.40E+00 2.24E-02 8.82E-03 3.92E-02 2.47E-03 1.23E-01
9.66E-04 9.99E-03 1.33E-02 9.66E-04 1.68E+00 4.62E+00 2.86E-02 1.12E-02 7.81E-02 4.07E-03 2.04E-01
9.76E-04 4.82E-03 1.27E-02 9.76E-04 1.54E+00 3.82E+00 2.56E-02 1.01E-02 3.70E-02 2.06E-03 1.03E-01
9.68E-04 7.74E-03 1.29E-02 9.68E-04 1.60E+00 4.19E+00 2.70E-02 1.06E-02 6.12E-02 3.40E-03 1.70E-01
9.85E-04 3.90E-03 1.30E-02 9.85E-04 1.55E+00 4.70E+00 3.19E-02 1.26E-02 3.53E-02 2.48E-03 1.24E-01
9.77E-04 8.25E-03 1.30E-02 9.77E-04 1.66E+00 5.01E+00 3.19E-02 1.25E-02 7.55E-02 5.45E-03 2.73E-01
9.79E-04 4.13E-03 1.31E-02 9.79E-04 1.55E+00 4.71E+00 3.17E-02 1.25E-02 3.51E-02 2.49E-03 1.25E-01
9.96E-04 5.94E-03 1.38E-02 9.96E-04 1.66E+00 5.32E+00 3.42E-02 1.34E-02 5.64E-02 3.59E-03 1.79E-01
1.17E-03 1.17E-03 1.64E-02 1.17E-03 1.91E+00 4.80E+00 3.31E-02 1.30E-02 4.13E-02 2.15E-03 1.07E-01
1.25E-03 7.45E-03 1.73E-02 1.25E-03 2.06E+00 4.71E+00 3.06E-02 1.21E-02 4.67E-02 2.60E-03 1.30E-01
1.30E-02 2.15E-02 1.74E-02 1.27E-03 2.32E+00 6.12E+00 3.47E-02 1.37E-02 1.91E-01 1.07E-02 5.37E-01
1.19E-03 7.85E-03 1.67E-02 1.19E-03 2.00E+00 4.40E+00
1.29E-03 1.29E-03 1.76E-02 1.29E-03 1.88E+00 4.70E+00
2.50E-03 2.50E-03 3.38E-02 2.50E-03 3.84E+00 1.02E+01 7.15E-02 2.81E-02 4.66E-02 2.33E-03 1.17E-01



0.002 0.006 0.015 0.001 1.778 4.878 0.032 0.013 0.058 0.003 0.171



7.43E-04 2.27E-03 1.02E-02 7.43E-04 1.12E+00 4.64E+00 3.29E-02 1.30E-02 3.57E-02 1.73E-03 8.64E-02
6.55E-03 1.44E-02 1.22E-02 8.82E-04 1.57E+00 4.36E+00 2.64E-02 1.04E-02 1.07E-01 5.72E-03 2.86E-01
1.19E-02 2.28E-02 1.36E-02 9.90E-04 2.04E+00 5.02E+00 2.64E-02 1.04E-02 1.83E-01 9.22E-03 4.61E-01
2.56E-03 5.61E-03 1.71E-02 1.22E-03 1.94E+00 4.81E+00 3.27E-02 1.29E-02 4.24E-02 2.39E-03 1.20E-01



0.005 0.011 0.013 0.001 1.667 4.706 0.030 0.012 0.092 0.005 0.238



 wet weight TEC in Egg calculate
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Apdx C2.2



ID_to_use
5SX011.60
4SX022.60
5SX011.60
5SX012.60
5SX011.60
5SX011.60
5SX012.60
5SX013.60
5SX013.60
5SX011.60
5SX013.60
5SX013.60
5SX012.60
5SX013.60
5SX012.60
5SX012.60
ref_averag



2SX0074.6
2SX0066.6
5SX014.60
2SX0076.6
ship_avg



pg/lipid pg/wet pg/wet
TEGG123e TEGG126 TEGG156 TEGG157 TEGG167 TEGG169 TEGG189 TEQ_EGGL TEQ_EGGw TEQ_EGGx



6.61E-04 1.33E+00 7.56E-03 9.02E-04 3.84E-03 8.36E-03 6.54E-04 1.469 0.160 0.0402
1.32E-03 2.35E+00 1.34E-02 1.57E-03 4.91E-03 1.47E-02 1.14E-03 2.618 0.286 0.0507
1.21E-03 1.66E+00 1.08E-02 1.11E-03 1.04E-03 1.04E-02 8.06E-04 1.886 0.206 0.0864
1.99E-03 2.18E+00 2.84E-02 1.42E-03 1.37E-02 1.33E-02 1.03E-03 2.564 0.280 0.0932
1.01E-03 1.90E+00 1.37E-02 1.29E-03 5.97E-03 1.14E-02 9.37E-04 2.111 0.230 0.0851
1.66E-03 2.01E+00 1.89E-02 1.35E-03 1.01E-02 1.23E-02 9.80E-04 2.327 0.254 0.0888
1.21E-03 2.34E+00 1.77E-02 1.60E-03 5.91E-03 1.43E-02 1.16E-03 2.592 0.283 0.0854
2.66E-03 2.34E+00 1.77E-02 1.58E-03 1.25E-02 1.43E-02 1.14E-03 2.789 0.304 0.0922
1.22E-03 2.36E+00 1.23E-02 1.59E-03 6.27E-03 1.44E-02 1.15E-03 2.600 0.284 0.0856
1.75E-03 2.61E+00 1.93E-02 1.70E-03 9.49E-03 1.60E-02 1.23E-03 2.943 0.321 0.0920
1.05E-03 2.42E+00 1.34E-02 1.57E-03 1.47E-03 1.49E-02 1.14E-03 2.649 0.289 0.1055
1.27E-03 2.34E+00 1.67E-02 1.53E-03 8.51E-03 1.43E-02 1.11E-03 2.603 0.284 0.1138
5.25E-03 2.51E+00 7.58E-02 1.82E-02 2.83E-02 1.66E-02 1.30E-03 3.443 0.376 0.1307



1.14E-03 5.27E+00 1.51E-02 3.54E-03 3.31E-03 3.24E-02 2.56E-03 5.594 0.610 0.2112
0.002 2.401 0.020 0.003 0.008 0.015 0.001 2.728 0.298 0.097



8.44E-04 2.35E+00 8.44E-03 1.65E-03 4.71E-03 1.54E-02 1.19E-03 2.556 0.279 0.0615
2.79E-03 1.92E+00 3.62E-02 9.71E-03 1.99E-02 1.23E-02 9.47E-04 2.437 0.266 0.0878
4.50E-03 2.01E+00 6.95E-02 1.56E-02 2.81E-02 1.22E-02 9.45E-04 2.832 0.309 0.1148
1.17E-03 2.40E+00 1.50E-02 3.38E-03 6.93E-03 1.53E-02 1.17E-03 2.653 0.290 0.1073



0.002 2.171 0.032 0.008 0.015 0.014 0.001 2.619 0.286 0.093



ed from PCBs measured in female (lipid-based) TEQ for Egg
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Apdx_C2.3 TEQ_fish



Apdx C2.3 Summary stats for the fish data TEQs based on liver tissue.



species site n mean stdev min max site n mean stdev min max
Sablefish Reference 17 1.78 0.65 0.73 3.84 Ship 5 1.67 0.36 1.12 2.04



species site n mean stdev min max site n mean stdev min max
Sablefish Reference 17 4.88 1.56 2.66 10.17 Ship 5 4.71 0.24 4.36 5.02



species site n mean stdev min max site n mean stdev min max
Sablefish Reference 15 2.728 0.914 1.469 5.594 Target 5 2.619 0.145 2.437 2.832



3.000



site site n mean stdev min max site n mean stdev min max
Sablefish Reference 15 0.30 0.10 0.16 0.61 Target 5 0.29 0.02 0.27 0.31



0.30 5.00



Average percent TEQ in liver tissue contributed by individual congeners.



Fish TEQ pg/g whole body wet weight



Fish TEQ pg/g whole body lipid weight (wet)



Fish TEQ Egg pg/g lipid (wet)



Fish TEQ Egg wet weight 
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Apdx D.  Tissue residue effects for PCBs in fish tissue obtained from the ERED database.



No. Ref_ID Year Author Journal Species Common Name Chemical Conc Wet
Conc 
Units Reps Effect Endpoin



Exposure 
Route



Body 
Part



1 URS173 1981 Mac, M.J. and J.G. Seelye
Bull. Environ. Contam. Toxicol. 27:359-
367. Salvelinus namaycush Trout -Lake PCBs 0.76 MG/KG 5 Growth NOED Absorption



Whole 
Body



2 URS173 1981 Mac, M.J. and J.G. Seelye
Bull. Environ. Contam. Toxicol. 27:359-
367. Salvelinus namaycush Trout -Lake PCBs 0.76 MG/KG 5 Growth NOED Absorption



Whole 
Body



3 URS173 1981 Mac, M.J. and J.G. Seelye
Bull. Environ. Contam. Toxicol. 27:359-
367. Salvelinus namaycush Trout -Lake PCBs 0.76 MG/KG 5 Mortality NOED Absorption



Whole 
Body



4 URS173 1981 Mac, M.J. and J.G. Seelye
Bull. Environ. Contam. Toxicol. 27:359-
367. Salvelinus namaycush Trout -Lake PCBs 0.76 MG/KG 5 Mortality NOED Absorption



Whole 
Body



5 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 0.81 MG/KG 1 Mortality NOED Absorption



Whole 
Body



6 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 0.84 MG/KG 1 Mortality NOED Absorption



Whole 
Body



7 URS74 1970
Duke, T.W., J.I. Lowe and A.J. 
Wilson, Jr.



Bull. Environ. Contam. Toxicol.  5:171-
180. Lagodon rhomboides Pinfish PCBs 0.98 MG/KG 10 Mortality NOED Absorption



Whole 
Body



8 JAW9 1975 Hogan, J.W., and J.L. Brauhn
The Progressive Fish Culturist 37 (4):229-
230 Oncorhynchus mykiss Trout - Rainbow



Aroclor 1242 
or PCB 1242 1.3 MG/KG 1 Mortality LOED NA



Whole 
Body



9 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 1.5 MG/KG 1 Mortality NOED Absorption



Whole 
Body



10 URS173 1981 Mac, M.J. and J.G. Seelye
Bull. Environ. Contam. Toxicol. 27:359-
367. Salvelinus namaycush Trout -Lake PCBs 1.8 MG/KG 5 Growth LOED Absorption



Whole 
Body



11 URS173 1981 Mac, M.J. and J.G. Seelye
Bull. Environ. Contam. Toxicol. 27:359-
367. Salvelinus namaycush Trout -Lake PCBs 1.8 MG/KG 5 Mortality NOED Absorption



Whole 
Body



12 URS173 1981 Mac, M.J. and J.G. Seelye
Bull. Environ. Contam. Toxicol. 27:359-
367. Salvelinus namaycush Trout -Lake PCBs 2.1 MG/KG 5 Growth NOED Absorption



Whole 
Body



13 URS173 1981 Mac, M.J. and J.G. Seelye
Bull. Environ. Contam. Toxicol. 27:359-
367. Salvelinus namaycush Trout -Lake PCBs 2.1 MG/KG 5 Mortality NOED Absorption



Whole 
Body



14 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 2.2 MG/KG 2 Mortality LOED Absorption



Whole 
Body



15 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 2.3 MG/KG 1 Mortality NOED Absorption



Whole 
Body



16 URS173 1981 Mac, M.J. and J.G. Seelye
Bull. Environ. Contam. Toxicol. 27:359-
367. Salvelinus namaycush Trout -Lake PCBs 2.3 MG/KG 5 Growth LOED Absorption



Whole 
Body



17 URS173 1981 Mac, M.J. and J.G. Seelye
Bull. Environ. Contam. Toxicol. 27:359-
367. Salvelinus namaycush Trout -Lake PCBs 2.3 MG/KG 5 Mortality NOED Absorption



Whole 
Body



18 URS173 1981 Mac, M.J. and J.G. Seelye
Bull. Environ. Contam. Toxicol. 27:359-
367. Salvelinus namaycush Trout -Lake PCBs 2.4 MG/KG 5 Growth LOED Absorption



Whole 
Body



19 URS173 1981 Mac, M.J. and J.G. Seelye
Bull. Environ. Contam. Toxicol. 27:359-
367. Salvelinus namaycush Trout -Lake PCBs 2.4 MG/KG 5 Mortality NOED Absorption



Whole 
Body



20 URS112 1980
Hawkes, J.W., E.H. Gruger, Jr. 
and O.P. Olson Environ. Res. 23:149-161. Oncorhynchus tshawytsc Salmon - Chinook PCBs 3.5 MG/KG 3 Growth NOED Ingestion



Whole 
Body



21 SEQ98-40 1979 Broyles, R.H. and M.I. Noveck
Toxicology and Applied Pharmacology 
50, 299-308 (1979) Oncorhynchus tshawytsc Salmon - Chinook



2,4,6,2
tetrachlorobiph
enyl 3.7 MG/KG 1 Survival LC28 Combined



Whole 
Body



22 URS74 1970
Duke, T.W., J.I. Lowe and A.J. 
Wilson, Jr.



Bull. Environ. Contam. Toxicol.  5:171-
180. Lagodon rhomboides Pinfish PCBs 3.8 MG/KG 10 Mortality NOED Absorption



Whole 
Body



23 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 4.2 MG/KG 1 DevelopmeNOED Absorption



Whole 
Body



24 URS234 1983
Westin, D.T., Olney, C.E., Rogers, 
B.A.



Bull. Environm. Contam. Toxicol. 30: 50-
57 Morone saxatilis Striped Bass PCBs 4.4 MG/KG 1 Growth NOED Ingestion



Whole 
Body



25 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 4.9 MG/KG 1 Mortality NOED Absorption



Whole 
Body
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Apdx D.  Tissue residue effects for PCBs in fish tissue obtained from the ERED database.



No. Ref_ID



1 URS173



2 URS173



3 URS173



4 URS173



5 URS103



6 URS103



7 URS74



8 JAW9



9 URS103



10 URS173



11 URS173



12 URS173



13 URS173



14 URS102



15 URS103



16 URS173



17 URS173



18 URS173



19 URS173



20 URS112



21 SEQ98-40



22 URS74



23 URS103



24 URS234



25 URS103



Life stage Habitat FeedingBehavior Comments



Immature Deep waters of cold northern lakes Carnivore-adults piscivorous
Pcb Dosed With Acetone Carrier; No Effect On Growth 
(weight or length)



Immature Deep waters of cold northern lakes Carnivore-adults piscivorous
Pcb With No Acetone Carrier; No Effect On Growth (weight or 
length)



Immature Deep waters of cold northern lakes Carnivore-adults piscivorous Pcb Dosed With Acetone Carrier; No Effect On Mortality



Immature Deep waters of cold northern lakes Carnivore-adults piscivorous Pcb With No Acetone Carrier; No Effect On Mortality



Egg-embryo Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Fry Mortality In 28 Days



Adult Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Adult Mortality In 28 Days



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed No Effect On Survival In 48 Hours



Egg Cool streams Carnivore-juv fish, inverts 10% Mortality



Adult Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Adult Mortality In 28 Days



Immature Deep waters of cold northern lakes Carnivore-adults piscivorous
Pcb With No Acetone Carrier; Enhanced Growth (weight and 
length)



Immature Deep waters of cold northern lakes Carnivore-adults piscivorous Pcb With No Acetone Carrier; No Effect On Mortality



Immature Deep waters of cold northern lakes Carnivore-adults piscivorous
Pcb With No Acetone Carrier; No Effect On Growth (weight or 
length)



Immature Deep waters of cold northern lakes Carnivore-adults piscivorous Pcb With No Acetone Carrier; No Effect On Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed 5% Mortality In 96 Hours



Immature Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Juvenile Mortality In 28 Days



Immature Deep waters of cold northern lakes Carnivore-adults piscivorous
Pcb Dosed With Acetone Carrier; Enhanced Growth (weight 
only; not length)



Immature Deep waters of cold northern lakes Carnivore-adults piscivorous Pcb Dosed With Acetone Carrier; No Effect On Mortality



Immature Deep waters of cold northern lakes Carnivore-adults piscivorous
Pcb Dosed With Acetone Carrier; Enhanced Growth (weight 
and length)



Immature Deep waters of cold northern lakes Carnivore-adults piscivorous Pcb Dosed With Acetone Carrier; No Effect On Mortality



Immature



Both coasts of Pacific; Monterey Bay and China north to 
Bering Straits, ascending all large streams, e.g., Columbia 
River



Feeds on variety of forms, e.g., larval, adult insects; small fish, 
invertebrates No Effect On Weight Gain



Fry



Both coasts of Pacific; Monterey Bay and China north to 
Bering Straits, ascending all large streams, e.g., Columbia 
River



Feeds on variety of forms, e.g., larval, adult insects; small fish, 
invertebrates



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed No Effect On Survival In 48 Hours



Egg-embryo Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants
No Effect On Fertilization Success, Survival Of Embryos To 
Hatching, And Survival Of Fry Two Weeks After Hatching



Immature Inshore fish in various habitats in estuaries and rivers Voracious, smaller fish, crustaceans, shellfish



Parental Exposure To Pcbs In Field, Then Post Yolk 
Absorption Exposure Of Immature To PCB Contaminated 
Brine Shrimp; No Significant Change In Growth



Egg-embryo Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Fry Mortality In 28 Days
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Apdx D.  Tissue residue effects for PCBs in fish tissue obtained from the ERED database.



No. Ref_ID Year Author Journal Species Common Name Chemical Conc Wet
Conc 
Units Reps Effect Endpoin



Exposure 
Route



Body 
Part



26 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 5.4 MG/KG 1 Mortality NOED Absorption



Whole 
Body



27 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 5.9 MG/KG 1 Mortality NOED Absorption



Whole 
Body



28 URS27 1988
Black, D.E., D.K. Phelps and R.L. 
Lapan Mar. Environ. Res. 25:45-62. Pleuronectes americanusWinter Flounder PCBs 7.1 MG/KG 8 Growth LOED Combined



Whole 
Body



29 SEQ98-40 1979 Broyles, R.H. and M.I. Noveck
Toxicology and Applied Pharmacology 
50, 299-308 (1979) Salvelinus namaycush Trout -Lake



2,4,6,2
tetrachlorobiph
enyl 8.4 MG/KG 1 Survival LC87 Combined



Whole 
Body



30 SEQ98-40 1979 Broyles, R.H. and M.I. Noveck
Toxicology and Applied Pharmacology 
50, 299-308 (1979) Salvelinus namaycush Trout -Lake



2,4,6,2
tetrachlorobiph
enyl 8.6 MG/KG 1 Survival LC74 Combined



Whole 
Body



31 SEQ98-40 1979 Broyles, R.H. and M.I. Noveck
Toxicology and Applied Pharmacology 
50, 299-308 (1979) Salvelinus namaycush Trout -Lake



2,4,6,2
tetrachlorobiph
enyl 8.8 MG/KG 1 Survival LC17 Combined



Whole 
Body



32 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 8.9 MG/KG 1 Mortality NOED Absorption



Whole 
Body



33 SEQ98-40 1979 Broyles, R.H. and M.I. Noveck
Toxicology and Applied Pharmacology 
50, 299-308 (1979) Salvelinus namaycush Trout -Lake



2,4,6,2
tetrachlorobiph
enyl 9.2 MG/KG 1 Survival LC50 Combined



Whole 
Body



34 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 10 MG/KG 1 Mortality NOED Absorption



Whole 
Body



35 URS104 1976
Hansen, L.G., W.B. Wiekhorst and 
J. Simon J. Fish. Res. Bd. Can. 33:1343-1352. Ictalurus punctatus Catfish-Channel PCBs 10.9 MG/KG 3 Mortality NOED Ingestion



Whole 
Body



36 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 11 MG/KG 1 Mortality NOED Absorption



Whole 
Body



37 URS104 1976
Hansen, L.G., W.B. Wiekhorst and 
J. Simon J. Fish. Res. Bd. Can. 33:1343-1352. Ictalurus punctatus Catfish-Channel PCBs 11.4 MG/KG 3 Mortality NOED Ingestion



Muscle 
and Skin



38 URS104 1976
Hansen, L.G., W.B. Wiekhorst and 
J. Simon J. Fish. Res. Bd. Can. 33:1343-1352. Ictalurus punctatus Catfish-Channel PCBs 11.9 MG/KG 3 Growth LOED Ingestion



Muscle 
and Skin



39 URS104 1976
Hansen, L.G., W.B. Wiekhorst and 
J. Simon J. Fish. Res. Bd. Can. 33:1343-1352. Ictalurus punctatus Catfish-Channel PCBs 11.9 MG/KG 3 MorphologyLOED Ingestion



Muscle 
and Skin



40 URS104 1976
Hansen, L.G., W.B. Wiekhorst and 
J. Simon J. Fish. Res. Bd. Can. 33:1343-1352. Ictalurus punctatus Catfish-Channel PCBs 11.9 MG/KG 3 Mortality NOED Ingestion



Muscle 
and Skin



41 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 12 MG/KG 1 Mortality NOED Absorption



Whole 
Body



42 URS104 1976
Hansen, L.G., W.B. Wiekhorst and 
J. Simon J. Fish. Res. Bd. Can. 33:1343-1352. Ictalurus punctatus Catfish-Channel PCBs 14.3 MG/KG 3 Growth LOED Ingestion



Whole 
Body



43 URS104 1976
Hansen, L.G., W.B. Wiekhorst and 
J. Simon J. Fish. Res. Bd. Can. 33:1343-1352. Ictalurus punctatus Catfish-Channel PCBs 14.3 MG/KG 3 MorphologyLOED Ingestion



Whole 
Body



44 URS104 1976
Hansen, L.G., W.B. Wiekhorst and 
J. Simon J. Fish. Res. Bd. Can. 33:1343-1352. Ictalurus punctatus Catfish-Channel PCBs 14.3 MG/KG 3 Mortality NOED Ingestion



Whole 
Body



45 URS14 1980 Bengtsson, B.E. Water Res. 14:681-687. Phoxinus phoxinus Minnow PCBs 15 MG/KG 4 ReproductioLOED Ingestion
Whole 
Body



46 URS74 1970
Duke, T.W., J.I. Lowe and A.J. 
Wilson, Jr.



Bull. Environ. Contam. Toxicol.  5:171-
180. Lagodon rhomboides Pinfish PCBs 17 MG/KG 10 Mortality NOED Absorption



Whole 
Body



47 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 17 MG/KG 1 DevelopmeNOED Absorption



Whole 
Body



48 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 21 MG/KG 2 Mortality NOED Absorption



Whole 
Body



49 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 22 MG/KG 1 Mortality NOED Absorption



Whole 
Body



50 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 22 MG/KG 1 Mortality NOED Absorption



Whole 
Body
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Apdx D.  Tissue residue effects for PCBs in fish tissue obtained from the ERED database.



No. Ref_ID



26 URS103



27 URS103



28 URS27



29 SEQ98-40



30 SEQ98-40



31 SEQ98-40



32 URS103



33 SEQ98-40



34 URS103



35 URS104



36 URS103



37 URS104



38 URS104



39 URS104



40 URS104



41 URS103



42 URS104



43 URS104



44 URS104



45 URS14



46 URS74



47 URS103



48 URS102



49 URS103



50 URS103



Life stage Habitat FeedingBehavior Comments



Adult Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Adult Mortality In 28 Days



Egg-embryo Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Fry Mortality In 28 Days



Egg-embryo
Sand and muddy sand bottoms to high tide line, Labrador 
to Georgia Small crustaceans, annelids, mollusks, small fish fry Reduced Length And Weight Of Larvae



Fry Deep waters of cold northern lakes Carnivore-adults piscivorous



Fry Deep waters of cold northern lakes Carnivore-adults piscivorous



Fry Deep waters of cold northern lakes Carnivore-adults piscivorous



Immature Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Juvenile Mortality In 28 Days



Fry Deep waters of cold northern lakes Carnivore-adults piscivorous



Immature Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Juvenile Mortality In 28 Days



Immature Rapid water streams Omnivore No Effect On Mortality



Immature Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Juvenile Mortality In 28 Days



Immature Rapid water streams Omnivore No Effect On Mortality



Immature Rapid water streams Omnivore 40% Reduction In Mean Weight



Immature Rapid water streams Omnivore Inreased Size Of Liver



Immature Rapid water streams Omnivore No Effect On Mortality



Adult Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Adult Mortality In 28 Days



Immature Rapid water streams Omnivore 40% Reduction In Mean Weight



Immature Rapid water streams Omnivore Inreased Size Of Liver



Immature Rapid water streams Omnivore No Effect On Mortality



Adult Not Specified Not Specified Reduction In Time To Hatch, Fry Death



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed No Effect On Survival In 48 Hours



Egg-embryo Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants
No Effect On Fertilization Success, Survival Of Embryos To 
Hatching, And Survival Of Fry Two Weeks After Hatching



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed No Mortality In 96 Hours



Egg-embryo Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Fry Mortality In 28 Days



Adult Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Adult Mortality In 28 Days
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Apdx D.  Tissue residue effects for PCBs in fish tissue obtained from the ERED database.



No. Ref_ID Year Author Journal Species Common Name Chemical Conc Wet
Conc 
Units Reps Effect Endpoin



Exposure 
Route



Body 
Part



51 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 23 MG/KG 1 Mortality NOED Absorption Muscle



52 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 23 MG/KG 1 PhysiologicNOED Absorption Muscle



53 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 26 MG/KG 1 Mortality NOED Absorption



Whole 
Body



54 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 30 MG/KG 1 Mortality ED50 Absorption Muscle



55 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 30 MG/KG 1 Mortality LOED Absorption Muscle



56 URS51 1986



Carlberg, G.E., K. Martinsen, A. 
Kringstad, E. Gjessing, M. Grande, 
T. Kallqvist and J.U. Skare



Arch. Environ. Contam. Toxicol. 15:543-
548. Salmo salar Salmon - Atlantic PCBs 30 MG/KG 1 Mortality NOED Absorption



Whole 
Body



57 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 38 MG/KG 1 Mortality ED50 Absorption Muscle



58 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 38 MG/KG 1 MorphologyLOED Absorption Muscle



59 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 38 MG/KG 1 Mortality NOED Absorption



Whole 
Body



60 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 46 MG/KG 1 Mortality NOED Absorption



Whole 
Body



61 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 48 MG/KG 1 Mortality ED50 Absorption



Muscle 
and Skin



62 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 48 MG/KG 1 Mortality LOED Absorption



Muscle 
and Skin



63 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 49 MG/KG 1 Mortality NOED Absorption



Muscle 
and Skin



64 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 49 MG/KG 1 PhysiologicNOED Absorption



Muscle 
and Skin



65 URS118 1990
Hermens, J.L., S.P. Bradbury and 
S.J. Broderius Ecotoxicol. Environ. Saf. 20:156-166. Oncorhynchus mykiss Trout - Rainbow PCBs 50 MG/KG 4 PhysiologicLOED NA



Whole 
Body



66 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 54 MG/KG 1 Mortality NOED Absorption



Whole 
Body



67 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 57 MG/KG 1 Mortality NOED Absorption



Whole 
Body



68 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 63 MG/KG 1 Mortality NOED Absorption Muscle



69 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 65 MG/KG 2 Mortality NA Absorption



Whole 
Body



70 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 66 MG/KG 1 DevelopmeNOED Absorption



Whole 
Body



71 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 72 MG/KG 1 Mortality ED50 Absorption



Muscle 
and Skin



72 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 72 MG/KG 1 MorphologyLOED Absorption



Muscle 
and Skin



73 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 76 MG/KG 1 Mortality NOED Absorption



Muscle 
and Skin



74 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 79 MG/KG 1 Mortality NOED Absorption



Whole 
Body



75 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 100 MG/KG 1 Mortality NOED Absorption



Whole 
Body
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Apdx D.  Tissue residue effects for PCBs in fish tissue obtained from the ERED database.



No. Ref_ID



51 URS102



52 URS102



53 URS103



54 URS102



55 URS102



56 URS51



57 URS102



58 URS102



59 URS103



60 URS103



61 URS102



62 URS102



63 URS102



64 URS102



65 URS118



66 URS103



67 URS103



68 URS102



69 URS102



70 URS103



71 URS102



72 URS102



73 URS102



74 URS103



75 URS103



Life stage Habitat FeedingBehavior Comments



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed No Statistically Significant Increase In Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed



No Reduced Ability To Survive Osmotic Stress After 
Exposure



Egg-embryo Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Fry Mortality In 28 Days



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed 50% Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed Statistically Significant Increase In Mortality



Immature
Both coasts of N.Atlantic, freshwater for juv and when 
spawning Carnivore-live animals, small fish No Effect On Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed 50% Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed Darkened Coloration



Egg-embryo Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Fry Mortality In 28 Days



Adult Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Adult Mortality In 28 Days



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed 50% Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed Statistically Significant Increase In Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed No Statistically Significant Increase In Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed



No Reduced Ability To Survive Osmotic Stress After 
Exposure



Immature Cool streams Carnivore-juv fish, inverts
Mixed Function Oxidase Induction, Including Benzo(a)pyrene 
Hydroxylase Induction



Immature Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Juvenile Mortality In 28 Days



Egg-embryo Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Fry Mortality In 28 Days



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed No Statistically Significant Increase In Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed 18% Mortality In 96 Hours



Egg-embryo Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants
No Effect On Fertilization Success, Survival Of Embryos To 
Hatching, And Survival Of Fry Two Weeks After Hatching



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed 50% Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed Darkened Coloration



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed No Statistically Significant Increase In Mortality



Immature Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Juvenile Mortality In 28 Days



Adult Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Adult Mortality In 28 Days
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Apdx D.  Tissue residue effects for PCBs in fish tissue obtained from the ERED database.



No. Ref_ID Year Author Journal Species Common Name Chemical Conc Wet
Conc 
Units Reps Effect Endpoin



Exposure 
Route



Body 
Part



76 URS118 1990
Hermens, J.L., S.P. Bradbury and 
S.J. Broderius Ecotoxicol. Environ. Saf. 20:156-166. Oncorhynchus mykiss Trout - Rainbow PCBs 100 MG/KG 4 PhysiologicNA NA



Whole 
Body



77 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 106 MG/KG 1 Mortality ED50 Absorption



Whole 
Body



78 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 106 MG/KG 1 Mortality LOED Absorption



Whole 
Body



79 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 110 MG/KG 1 Mortality NOED Absorption



Whole 
Body



80 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 111 MG/KG 1 Mortality NOED Absorption



Whole 
Body



81 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 111 MG/KG 1 PhysiologicNOED Absorption



Whole 
Body



82 URS85 1985
Freitag, D., L. Ballhorn, H. Geyer 
and F. Korte Chemosphere 14:1589-1616. Leuciscus idus Golden Ide



2,4,6,2 ,4
pentachlorobip
henyl 116 MG/KG 1 Mortality NOED Absorption



Whole 
Body



83 URS85 1985
Freitag, D., L. Ballhorn, H. Geyer 
and F. Korte Chemosphere 14:1589-1616. Leuciscus idus Golden Ide 2,2` -DBCP 121 MG/KG 1 Mortality NOED Absorption



Whole 
Body



84 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 140 MG/KG 1 Mortality LOED Absorption Muscle



85 URS85 1985
Freitag, D., L. Ballhorn, H. Geyer 
and F. Korte Chemosphere 14:1589-1616. Leuciscus idus Golden Ide



2,4,6,2
tetrachlorobiph
enyl 158 MG/KG 1 Mortality NOED Absorption



Whole 
Body



86 URS222 1995
Van Wezel, A.P., Punte, S.S., 
Opperhuizen, A. Environ. Toxicol. Chem. 14: 1579-1585 Pimephales promelas Fathead minnow PCB 1 167 MG/KG 10 Mortality ED100 Absorption



Whole 
Body



87 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 170 MG/KG 1 Mortality NOED Absorption



Whole 
Body



88 URS14 1980 Bengtsson, B.E. Water Res. 14:681-687. Phoxinus phoxinus Minnow PCBs 170 MG/KG 4 Growth LOED Ingestion
Whole 
Body



89 URS14 1980 Bengtsson, B.E. Water Res. 14:681-687. Phoxinus phoxinus Minnow PCBs 170 MG/KG 4 Mortality LOED Ingestion
Whole 
Body



90 URS14 1980 Bengtsson, B.E. Water Res. 14:681-687. Phoxinus phoxinus Minnow PCBs 170 MG/KG 4 ReproductioNA Ingestion
Whole 
Body



91 URS85 1985
Freitag, D., L. Ballhorn, H. Geyer 
and F. Korte Chemosphere 14:1589-1616. Leuciscus idus Golden Ide



2,4
dichlorobiphen
yl 178 MG/KG 1 Mortality NOED Absorption



Whole 
Body



92 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 180 MG/KG 1 Mortality LOED Absorption



Muscle 
and Skin



93 URS85 1985
Freitag, D., L. Ballhorn, H. Geyer 
and F. Korte Chemosphere 14:1589-1616. Leuciscus idus Golden Ide PCB 31 193 MG/KG 1 Mortality NOED Absorption



Whole 
Body



94 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 200 MG/KG 1 Mortality LOED Absorption



Whole 
Body



95 URS118 1990
Hermens, J.L., S.P. Bradbury and 
S.J. Broderius Ecotoxicol. Environ. Saf. 20:156-166. Oncorhynchus mykiss Trout - Rainbow PCBs 200 MG/KG 4 PhysiologicNA NA



Whole 
Body



96 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 205 MG/KG 1 Mortality ED50 Absorption



Whole 
Body



97 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 205 MG/KG 1 MorphologyLOED Absorption



Whole 
Body



98 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 220 MG/KG 1 Mortality NOED Absorption



Whole 
Body



99 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 230 MG/KG 1 Mortality NOED Absorption



Whole 
Body



100 URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 250 MG/KG 1 Mortality ED50 Absorption
Whole 
Body
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Apdx D.  Tissue residue effects for PCBs in fish tissue obtained from the ERED database.



No. Ref_ID



76 URS118



77 URS102



78 URS102



79 URS103



80 URS102



81 URS102



82 URS85



83 URS85



84 URS102



85 URS85



86 URS222



87 URS102



88 URS14



89 URS14



90 URS14



91 URS85



92 URS102



93 URS85



94 URS103



95 URS118



96 URS102



97 URS102



98 URS103



99 URS103



100 URS109



Life stage Habitat FeedingBehavior Comments



Immature Cool streams Carnivore-juv fish, inverts
Mixed Function Oxidase Induction, Including Benzo(a)pyrene 
Hydroxylase Induction



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed 50% Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed Statistically Significant Increase In Mortality



Adult Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Adult Mortality In 28 Days



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed No Statistically Significant Increase In Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed



No Reduced Ability To Survive Osmotic Stress After 
Exposure



NA
Native to Eurasia; in clear pools of medium to large rivers, 
ponds, lakes; reproduces in one lake in Maine Herbivorous No Effect On Survivorship In 3 Days



NA
Native to Eurasia; in clear pools of medium to large rivers, 
ponds, lakes; reproduces in one lake in Maine Herbivorous No Effect On Survivorship In 3 Days



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed Statistically Significant Increase In Mortality



NA
Native to Eurasia; in clear pools of medium to large rivers, 
ponds, lakes; reproduces in one lake in Maine Herbivorous No Effect On Survivorship In 3 Days



Adult Lakes, ponds, streams Not Specified



Lethal Body Burden Measured In Fish Immediately After 
Death; Maximum Time Duration Used - When All Fish Had 
Died In Treatment; Ph 6.2



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed No Statistically Significant Increase In Mortality



Adult Not Specified Not Specified Increased Growth



Adult Not Specified Not Specified
Doubling Of Mortality Rate Compared To Controls After 300 
Days



Adult Not Specified Not Specified 85% Reduction In Hatchability Of Eggs



NA
Native to Eurasia; in clear pools of medium to large rivers, 
ponds, lakes; reproduces in one lake in Maine Herbivorous No Effect On Survivorship In 3 Days



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed Statistically Significant Increase In Mortality



NA
Native to Eurasia; in clear pools of medium to large rivers, 
ponds, lakes; reproduces in one lake in Maine Herbivorous No Effect On Survivorship In 3 Days



Egg-embryo Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants Lethal To 86% Of Fry In 28 Days



Immature Cool streams Carnivore-juv fish, inverts
Mixed Function Oxidase Induction, Including Benzo(a)pyrene 
Hydroxylase Induction



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed 50% Mortality



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed Darkened Coloration



Immature Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Juvenile Mortality In 28 Days



Immature Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants No Effect On Juvenile Mortality In 28 Days



Immature
Widespread in US (introduced), warm lakes, ponds, quiet 
streams, particularly in weedy situations Feeds on detritus, small invertebrates, organic ooze Lethal Body Burden
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Apdx D.  Tissue residue effects for PCBs in fish tissue obtained from the ERED database.



No. Ref_ID Year Author Journal Species Common Name Chemical Conc Wet
Conc 
Units Reps Effect Endpoin



Exposure 
Route



Body 
Part



101 URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 250 MG/KG 1 MorphologyLOED Absorption
Whole 
Body



102 URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 253 MG/KG 1 Mortality ED50 Absorption
Whole 
Body



103 URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 256 MG/KG 1 Mortality ED50 Absorption
Whole 
Body



104 URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 271 MG/KG 1 Mortality ED50 Absorption
Whole 
Body



105 URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 293 MG/KG 1 Mortality ED50 Absorption
Whole 
Body



106 URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 324 MG/KG 1 Mortality ED50 Absorption
Whole 
Body



107 URS102 1974
Hansen, D.J., P.R. Parrish and J. 
Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 620 MG/KG 1 Mortality LOED Absorption



Whole 
Body



108 JAW8 1977
Mayer, F.L., P.M. Mehrle, and H.O. 
Sanders Arch. Environ. Contam. 5:501-511 Oncorhynchus kisutch Salmon-coho PCBs 645 MG/KG 1 Mortality ED100 Ingestion



Whole 
Body



109 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 1100 MG/KG 1 MorphologyLOED Absorption



Whole 
Body



110 URS103 1975
Hansen, D.J., S.C. Schimmel and 
J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus



Sheepshead 
minnow PCBs 1100 MG/KG 1 Mortality LOED Absorption



Whole 
Body
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Apdx D.  Tissue residue effects for PCBs in fish tissue obtained from the ERED database.



No. Ref_ID



101 URS109



102 URS109



103 URS109



104 URS109



105 URS109



106 URS109



107 URS102



108 JAW8



109 URS103



110 URS103



Life stage Habitat FeedingBehavior Comments



Immature
Widespread in US (introduced), warm lakes, ponds, quiet 
streams, particularly in weedy situations Feeds on detritus, small invertebrates, organic ooze Color Changes



Immature
Widespread in US (introduced), warm lakes, ponds, quiet 
streams, particularly in weedy situations Feeds on detritus, small invertebrates, organic ooze Lethal Body Burden



Immature
Widespread in US (introduced), warm lakes, ponds, quiet 
streams, particularly in weedy situations Feeds on detritus, small invertebrates, organic ooze Lethal Body Burden



Immature
Widespread in US (introduced), warm lakes, ponds, quiet 
streams, particularly in weedy situations Feeds on detritus, small invertebrates, organic ooze Lethal Body Burden



Immature
Widespread in US (introduced), warm lakes, ponds, quiet 
streams, particularly in weedy situations Feeds on detritus, small invertebrates, organic ooze Lethal Body Burden



Immature
Widespread in US (introduced), warm lakes, ponds, quiet 
streams, particularly in weedy situations Feeds on detritus, small invertebrates, organic ooze Lethal Body Burden



Immature
Lower portions of estuaries, Mass. to Texas, most 
common Virginia south Fish, shellfish, worms, crustaceans, seaweed Statistically Significant Increase In Mortality



Immature NW America and Asian Coast. Streams in Spring, Fall Carnivore-aquatic insects, fish, inverts Radiolabeled - Contam. Food Fed.



Immature Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants Darkened Body Coloration, Body Lesions



Immature Shallow brackish waters, Cape Cod to Mexico Wide variety of small aquatic animals and plants 88% Juvenile Mortality In 28 Days
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Apdx. E1. NOED values extracted from ERED database used construct SSD for LOED of critical body residues in fish.



Ref_ID Year Author Journal Species Common Name Chemical Conc Wet Conc Units
URS173 1981 Mac, M.J. and J.G. Seelye Bull. Environ. Contam. Toxicol. 27:359-367. Salvelinus namaycush Trout -Lake PCBs 0.76 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 0.84 MG/KG
URS74 1970 Duke, T.W., J.I. Lowe and A.J. Wilson, Jr. Bull. Environ. Contam. Toxicol.  5:171-180. Lagodon rhomboides Pinfish PCBs 0.98 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 1.5 MG/KG
URS173 1981 Mac, M.J. and J.G. Seelye Bull. Environ. Contam. Toxicol. 27:359-367. Salvelinus namaycush Trout -Lake PCBs 2.1 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 2.3 MG/KG
URS112 1980 Hawkes, J.W., E.H. Gruger, Jr. and O.P. Olson Environ. Res. 23:149-161. Oncorhynchus tshawytscha Salmon - Chinook PCBs 3.5 MG/KG
URS74 1970 Duke, T.W., J.I. Lowe and A.J. Wilson, Jr. Bull. Environ. Contam. Toxicol.  5:171-180. Lagodon rhomboides Pinfish PCBs 3.8 MG/KG
URS234 1983 Westin, D.T., Olney, C.E., Rogers, B.A. Bull. Environm. Contam. Toxicol. 30: 50-57 Morone saxatilis Striped Bass PCBs 4.4 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 5.4 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 8.9 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 10 MG/KG
URS104 1976 Hansen, L.G., W.B. Wiekhorst and J. Simon J. Fish. Res. Bd. Can. 33:1343-1352. Ictalurus punctatus Catfish-Channel PCBs 10.9 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 11 MG/KG
URS104 1976 Hansen, L.G., W.B. Wiekhorst and J. Simon J. Fish. Res. Bd. Can. 33:1343-1352. Ictalurus punctatus Catfish-Channel PCBs 11.4 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 12 MG/KG
URS74 1970 Duke, T.W., J.I. Lowe and A.J. Wilson, Jr. Bull. Environ. Contam. Toxicol.  5:171-180. Lagodon rhomboides Pinfish PCBs 17 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 21 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 23 MG/KG
URS51 1986 Carlberg, G.E., et al. Arch. Environ. Contam. Toxicol. 15:543-548. Salmo salar Salmon - Atlantic PCBs 30 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 46 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 49 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 54 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 63 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 72 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 76 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 79 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 100 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 110 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 111 MG/KG
URS85 1985 Freitag, D., L. Ballhorn, H. Geyer and F. Korte Chemosphere 14:1589-1616. Leuciscus idus Golden Ide pentachlorob 116 MG/KG
URS85 1985 Freitag, D., L. Ballhorn, H. Geyer and F. Korte Chemosphere 14:1589-1616. Leuciscus idus Golden Ide 2,2` -DBCP 121 MG/KG
URS85 1985 Freitag, D., L. Ballhorn, H. Geyer and F. Korte Chemosphere 14:1589-1616. Leuciscus idus Golden Ide tetrachlorobi 158 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 170 MG/KG
URS85 1985 Freitag, D., L. Ballhorn, H. Geyer and F. Korte Chemosphere 14:1589-1616. Leuciscus idus Golden Ide dichlorobiph 178 MG/KG
URS85 1985 Freitag, D., L. Ballhorn, H. Geyer and F. Korte Chemosphere 14:1589-1616. Leuciscus idus Golden Ide PCB 31 193 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 220 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 230 MG/KG











Apdx. E2. LOED values extracted from ERED database used construct SSD for LOED of critical body residues in fish. 



Ref_ID Year Author Journal Species Common Name Chemical Conc Wet Conc Units
JAW9 1975 Hogan, J.W., and J.L. Brauhn The Progressive Fish Culturist 37 (4):229-230 Oncorhynchus mykiss Trout - Rainbow or PCB 1242 1.3 MG/KG
URS173 1981 Mac, M.J. and J.G. Seelye Bull. Environ. Contam. Toxicol. 27:359-367. Salvelinus namaycush Trout -Lake PCBs 1.8 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 2.2 MG/KG
URS173 1981 Mac, M.J. and J.G. Seelye Bull. Environ. Contam. Toxicol. 27:359-367. Salvelinus namaycush Trout -Lake PCBs 2.3 MG/KG
URS173 1981 Mac, M.J. and J.G. Seelye Bull. Environ. Contam. Toxicol. 27:359-367. Salvelinus namaycush Trout -Lake PCBs 2.4 MG/KG
SEQ98-40 1979 Broyles, R.H. and M.I. Noveck Toxicology and Applied Pharmacology 50, 299-308 (1979) Oncorhynchus tshawytscha Salmon - Chinook tetrachlorobi 3.7 MG/KG
URS27 1988 Black, D.E., D.K. Phelps and R.L. Lapan Mar. Environ. Res. 25:45-62. Pleuronectes americanus Winter Flounder PCBs 7.1 MG/KG
SEQ98-40 1979 Broyles, R.H. and M.I. Noveck Toxicology and Applied Pharmacology 50, 299-308 (1979) Salvelinus namaycush Trout -Lake tetrachlorobi 8.4 MG/KG
SEQ98-40 1979 Broyles, R.H. and M.I. Noveck Toxicology and Applied Pharmacology 50, 299-308 (1979) Salvelinus namaycush Trout -Lake tetrachlorobi 8.6 MG/KG
SEQ98-40 1979 Broyles, R.H. and M.I. Noveck Toxicology and Applied Pharmacology 50, 299-308 (1979) Salvelinus namaycush Trout -Lake tetrachlorobi 8.8 MG/KG
SEQ98-40 1979 Broyles, R.H. and M.I. Noveck Toxicology and Applied Pharmacology 50, 299-308 (1979) Salvelinus namaycush Trout -Lake tetrachlorobi 9.2 MG/KG
URS104 1976 Hansen, L.G., W.B. Wiekhorst and J. Simon J. Fish. Res. Bd. Can. 33:1343-1352. Ictalurus punctatus Catfish-Channel PCBs 11.9 MG/KG
URS104 1976 Hansen, L.G., W.B. Wiekhorst and J. Simon J. Fish. Res. Bd. Can. 33:1343-1352. Ictalurus punctatus Catfish-Channel PCBs 14.3 MG/KG
URS14 1980 Bengtsson, B.E. Water Res. 14:681-687. Phoxinus phoxinus Minnow PCBs 15 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 30 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 38 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 48 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 65 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 72 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 106 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 140 MG/KG
URS222 1995 Van Wezel, A.P., Punte, S.S., Opperhuizen, A. Environ. Toxicol. Chem. 14: 1579-1585 Pimephales promelas Fathead minnow PCB 1 167 MG/KG
URS14 1980 Bengtsson, B.E. Water Res. 14:681-687. Phoxinus phoxinus Minnow PCBs 170 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 180 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 200 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 205 MG/KG
URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 250 MG/KG
URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 253 MG/KG
URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 256 MG/KG
URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 271 MG/KG
URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 293 MG/KG
URS109 1972 Hattula, M.l. and O. Karlog Acta Pharmacol. Toxicol. 31:238-240. Carassius auratus Goldfish PCBs 324 MG/KG
URS102 1974 Hansen, D.J., P.R. Parrish and J. Forester Environ. Res. 7:363-373. Lagodon rhomboides Pinfish PCBs 620 MG/KG
JAW8 1977 Mayer, F.L., P.M. Mehrle, and H.O. Sanders Arch. Environ. Contam. 5:501-511 Oncorhynchus kisutch Salmon-coho PCBs 645 MG/KG
URS103 1975 Hansen, D.J., S.C. Schimmel and J. Forester Trans. Amer. Fish. Soc. 104:584-588. Cyprinodon variegatus Sheepshead minnow PCBs 1100 MG/KG
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Apdx. E3. Data used to construct SSD for TEQ effects to fish eggs and larvae. 
Data summary from Gatehouse (2002),



Egg dose (pg/g ww)
Species Effect/Endpoint NOAEL Reference
Lake trout Sac fry mortality 34 Walker et al. (1991)
Japanese medaka Lesions, etc. 100 Wisk and Cooper (1990)
Brook trout Sac fry mortality 135 Walker and Peterson (1994)
Lake herring Sac fry growth and mortality 175 Elonen et al., (1998)
Rainbow trout Sac fry mortality 194 Walker et al. (1992)
Fathead minnow Sac fry growth and mortality 235 Elonen et al. (1998)
Channel catfish Sac fry growth and mortality 385 Elonen et al. (1998)
Zebra fish Sac fry growth and mortality 425 Elonen et al. (1998)
Medaka Sac fry mortality 455 Elonen et al. (1998)
White sucker Sac fry growth and mortality 848 Elonen et al. (1998)
Northern Pike Sac fry growth and mortality 1190 Elonen et al. (1998)



Species Effect/Endpoint LOAEL Reference
Lake trout Sac fry mortality 55 Walker et al. (1991)
Brook trout Sac fry mortality 185 Walker and Peterson (1994)
Japanese medaka Lesions, etc. 300 Wisk and Cooper (1990)
Rainbow trout Sac fry mortality 291 Walker et al. (1992)
Lake herring Sac fry growth and mortality 270 Elonen et al., (1998)
Fathead minnow Sac fry growth and mortality 425 Elonen et al. (1998)
Channel catfish Sac fry growth and mortality 885 Elonen et al. (1998)
Medaka Sac fry mortality 949 Elonen et al. (1998)
White sucker Sac fry growth and mortality 1220 Elonen et al. (1998)
Northern Pike Sac fry growth and mortality 1800 Elonen et al. (1998)
Zebra fish Sac fry growth and mortality 2000 Elonen et al. (1998)



Species Effect/Endpoint LC50 Reference
Lake trout Sac fry mortality 65 Walker et al. (1991)
Brook trout Sac fry mortality 439 Walker and Peterson (1994)
Rainbow trout Sac fry mortality 439 Walker et al. (1992)
Lake herring Sac fry growth and mortality 902 Elonen et al., (1998)
Fathead minnow Sac fry growth and mortality 539 Elonen et al. (1998)
Channel catfish Sac fry growth and mortality 644 Elonen et al. (1998)
Medaka Sac fry mortality 1,110 Elonen et al. (1998)
White sucker Sac fry growth and mortality 1,890 Elonen et al. (1998)
Northern Pike Sac fry growth and mortality 2,460 Elonen et al. (1998)
Zebra fish Sac fry growth and mortality 2,610 Elonen et al. (1998)
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that has been abandoned on the lower Columbia River.
> > >
> > > The vessel is an attractive nuisance, but more specifically is
contaminated with PCBs in interior paint and PCB-laced asbestos cabling
insulation.  The USCG would like to scuttle the vessel in 1000 fathoms of
water, 65 miles offshore the coast Oregon.
> > >
> > > In conducting the EE/CA, we've been having a hard time finding
appropriate, helpful studies or data on what might happen to PCBs in the
deep ocean environment.  However, we did find references to Mr.
> > >
> > > Gauthier's work in SPAWAR's January 2006 Final Report on the
Ecological Risk Assessment on the EX- ORISKANY, specifically;
> > >
> > > Gauthier et al. 2006. Risk Assessment of the Potential Release of PCBs
and Other Contaminants from Sunken Navy Ships in the Deep Ocean: ex-USS
AGERHOLM Case Study.
> > >
> > > Final
> > > report prepared for SINKEX Technical Working Group, by Space and Naval
Warfare Systems Center, San Diego, CA. (in prep).
> > >
> > >  Another reference that looks to be helpful in this report is:
> > >
> > > Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha
Stallard, and D. H. Rushworth 1994. Ecological Analysis of Deep Sea Sinking
of Navy Ships Containing Polychlorinated Biphenyls (PCB) Impregnated
Materials, White Paper. Naval Command, Control, and Ocean Surveillance
Center Research Development Test and Evaluation Division (NRaD),
Environmental Sciences Division, Code 52, 4 March 1994, San Diego, CA.
> > >
> > > We've not been able to locate the these studies, so I'd like to
request a copy from your agency if possible.  Any help you can provide will
be appreciated.  We'd love to get our hands on a copy soon (would be great
to have it such electronic copy, but of course hard copy is great, too).
> > >
> > > At this point, ANY help is highly appreciated.  Any other references
that you may deem to be helpful would be appreciated.  Also, I've cc'd our
EPA contractor who is assisting with our risk assessment and also putting
our report together.
> > >
> > > Thanks again for your help,
> > >
> > > Richard Franklin
> > > Federal On-Scene Coordinator
> > > U.S. EPA Region 10
> > > Oregon Operations Office
> > > 805 SW Broadway, Suite 500
> > > Portland, OR  97205
> > >
> > > Office:  (503) 326-2917
> > > Cell:     (503) 475-4178
> 
> --
> ~~~o~~~<><~~~~o~~><>~~~o~<*((><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
> Robert K. Johnston, Ph.D.
> Marine Environmental Support Office - NW
> Space and Naval Warfare Systems Center Pacific Code 71752
> 4228 Fir Dr. NE
> Bremerton, WA 98310
> work: 360 782-0113 cell: 360 961-9072
> fax 360-824-6279
> johnston@spawar.navy.mil
> 
>   ------------------------------------------------------------------------
>                                                           Name: SINKEX
Project Final Report (March 2006).pdf
>    SINKEX Project Final Report (March 2006).pdf           Type: Acrobat
(application/pdf)
>                                                       Encoding: base64
>                                                Download Status: Not
downloaded with message


--
~~~o~~~<><~~~~o~~><>~~~o~<*((><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~







Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW
Space and Naval Warfare Systems Center Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279
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From: Fuller, Steve
To: Richard Franklin
Cc: Martin, Bradley
Subject: RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/16/2011 12:27 PM


Richard,


Yep.  CCS recalls the bulk head insulation was limited to the rooms in
the super structure and not below deck.  Maybe 1600 square feet of
ceiling space the superstructure.  If that is the case, it is a small
quantity that could be covered in the contingency we have in our cost
estimate.  I hate to add the words for this stuff in the document at
this time because it is a small cost item.  I leave it to you to decide
when to make the "pens down" call.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 16, 2011 12:03 PM
To: Fuller, Steve
Cc: Shiroma, Estelle
Subject: RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Yes.  Same fellow.  You have his email, and his phone is 360-782-0113.
He's at the Naval shipyards at Bremerton.


One other question I have, in talking to him and reviewing other papers
-  it seems as if bulkhead insulation with what they call "lagging", or
wrapping/covering material of  fiberglass insulation and resins, can be
a real problem and often has highest content of PCBs on board these old
Navy ships. I don't think we've dealt with this, estimated it, or
written anything about it in the EE/CA.  In the CCS spreadsheet, there
is reference to what appears to be bulkhead insulation covering ("Blk
Insl Covering-013"), Line 21.  What do you think?


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:   "Fuller, Steve" <SFuller@TechLawInc.com>
To:     Richard Franklin/R10/USEPA/US@EPA
Cc:     "Shiroma, Estelle" <EShiroma@TechLawInc.com>
Date:   06/16/2011 11:47 AM
Subject:        RE: FW: Assistance on SPAWAR reports re Deep Ocean
Effects
            from PCBs and  other Contaminants


Richard,


Confirming " Robert K Johnston" is the same as "Bob Johnston", if so we
will coordinate.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov]
Sent: Thursday, June 16, 2011 11:28 AM
To: Fuller, Steve
Subject: Re: FW: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Steve,


I had a long, interesting productive call with Bob Johnston at SPAWAR.
He's a PhD research and Marine Biologist who's been working on similar
projects for the NAVY for many years, but more importantly for us was
directly involved in the ORISKANY and EX-AEGERHOLM.  He's going to
gather up appropriate papers on deep water studies and send a cd to you
and me.


In the meantime, I asked him if he could talk to Estelle and you today
on a conference call, and discuss what he knows about these projects and
PCBs.  Can we set you and Estelle up for a call with him today?  He's
willing to spend a small amount of time visiting with you guys.  We
won't have the data on the deep water stuff by then, but I'm hoping he
might be able to give Estelle and you enough qualitative info to get us
a better foundation and perhaps re-write for the Risk Evaluation.


By the way, the previous email you sent was VERY interesting.  Good to



mailto:SFuller@TechLawInc.com

mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US@EPA

mailto:BMartin@TechLawInc.com





know.  Wish we'd known this before.  I'll try to write this in the EECA
today.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:            "Fuller, Steve" <SFuller@TechLawInc.com>
To:              Richard Franklin/R10/USEPA/US@EPA
Date:            06/16/2011 11:03 AM
Subject:                 FW: Assistance on SPAWAR reports re Deep Ocean
Effects
from
            PCBs and  other Contaminants


Richard,


I'm on a call until 10:30.  Estelle says these are no help, she has seen
most of these already.  She really needs the deep water SINKEY stuff.


Best,
Steve


-----Original Message-----
From: Robert K Johnston [mailto:johnston@spawar.navy.mil]
Sent: Thursday, June 16, 2011 10:50 AM
To: Franklin.Richard@epamail.epa.gov
Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; Chadwick, Bart B CIV
SPAWARSYSCEN-PACIFIC, 71750; Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC,
71752; George, Robert D CIV SPAWARSYSCEN-PACIFIC, 71752; Fuller, Steve
Subject: Re: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Hi Richard,


I was good talking with you. We are working on getting a CD with all the
SINKEX studies for you. All the Oriskany reports are available at
http://environ.spawar.navy.mil/Projects/REEFEX/index.html


You may also be interested in these references as well:
EPA Guidance for artificial reefs
http://water.epa.gov/type/oceb/artificialreefs_index.cfm


SEA 21 Navy Inactive Ships Program
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/de
fault.aspx


http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/or
iskanyfaqs.aspx


Ships to Reefs Program
http://www.ships2reefs.com/displaycommon.cfm?an=1&subarticlenbr=17


South Carolina Artificial Reef Program
http://saltwaterfishing.sc.gov/artificialreef.html


Florida Artificial Reef Program
http://myfwc.com/conservation/saltwater/artificial-reefs/


Escambia County (FL) Artificial Reefs
http://www.myescambia.com/Bureaus/CommunityServices/ArtificialReefs.html


Currents Article on Sinking Oriskany
http://www.enviro-navair.navy.mil/currents/summer2006/Sum06_Ships_To_Ree
f_Program.pdf


Artificial Reef Society of BC
http://www.artificialreef.bc.ca/


and the ultimate source....
Wikipedia
http://en.wikipedia.org/wiki/Artificial_reef


I hope that helps.


-bob
--
~~~o~~~<><~~~~o~~~><>~~~o~<><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW Space and Naval Warfare Systems
Center Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279
johnston@spawar.navy.mil







> ________________________________
>
> From: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Sent: Tue 6/14/2011 3:52 PM
> To: Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752
> Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; George, Robert D CIV


> SPAWARSYSCEN-PACIFIC, 71752
> Subject: FW: Assistance on SPAWAR reports re Deep Ocean Effects from 
> PCBs and other Contaminants
>
> Roy/Rob/Bill,
>
> Can you please provide a response to the request below.
>
> Thanks,
>
> Bart
>
> -----Original Message-----
> From: Franklin.Richard@epamail.epa.gov 
> [mailto:Franklin.Richard@epamail.epa.gov]
> Sent: Tuesday, June 14, 2011 1:57 PM
> To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Cc: SFuller@TechLawInc.com
> Subject: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs 
> and other Contaminants
>
> HI Bart,
>
> Thanks for visiting with me this afternoon about Mr. (Dr?) Gauthier's
reports on the release of PCBs and other contaminants in the deep ocean
from sunken vessels.  As I mentioned in our call, we are working to
assist the U.S. Coast Guard, Sector Columbia River, with conducting an
Engineering Evaluation and Cost Analysis (EE/CA) of disposal options for
an ex-Navy ship that has been abandoned on the lower Columbia River.
>
> The vessel is an attractive nuisance, but more specifically is
contaminated with PCBs in interior paint and PCB-laced asbestos cabling
insulation.  The USCG would like to scuttle the vessel in 1000 fathoms
of water, 65 miles offshore the coast Oregon.
>
> In conducting the EE/CA, we've been having a hard time finding
appropriate, helpful studies or data on what might happen to PCBs in the
deep ocean environment.  However, we did find references to Mr.
>
> Gauthier's work in SPAWAR's January 2006 Final Report on the 
> Ecological Risk Assessment on the EX- ORISKANY, specifically;
>
> Gauthier et al. 2006. Risk Assessment of the Potential Release of PCBs
and Other Contaminants from Sunken Navy Ships in the Deep Ocean: ex-USS
AGERHOLM Case Study.
>
> Final
> report prepared for SINKEX Technical Working Group, by Space and Naval
Warfare Systems Center, San Diego, CA. (in prep).
>
>  Another reference that looks to be helpful in this report is:
>
> Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha
Stallard, and D. H. Rushworth 1994. Ecological Analysis of Deep Sea
Sinking of Navy Ships Containing Polychlorinated Biphenyls (PCB)
Impregnated Materials, White Paper. Naval Command, Control, and Ocean
Surveillance Center Research Development Test and Evaluation Division
(NRaD), Environmental Sciences Division, Code 52, 4 March 1994, San
Diego, CA.
>
> We've not been able to locate the these studies, so I'd like to
request a copy from your agency if possible.  Any help you can provide
will be appreciated.  We'd love to get our hands on a copy soon (would
be great to have it such electronic copy, but of course hard copy is
great, too).
>
> At this point, ANY help is highly appreciated.  Any other references
that you may deem to be helpful would be appreciated.  Also, I've cc'd
our EPA contractor who is assisting with our risk assessment and also
putting our report together.
>
> Thanks again for your help,
>
> Richard Franklin
> Federal On-Scene Coordinator
> U.S. EPA Region 10
> Oregon Operations Office
> 805 SW Broadway, Suite 500
> Portland, OR  97205
>
> Office:  (503) 326-2917
> Cell:     (503) 475-4178








From: Richard Franklin
To: Fuller, Steve
Subject: Re: FW: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/16/2011 11:27 AM


Steve,


I had a long, interesting productive call with Bob Johnston at SPAWAR.  He's a PhD research and Marine
Biologist who's been working on similar projects for the NAVY for many years, but more importantly for us
was directly involved in the ORISKANY and EX-AEGERHOLM.  He's going to gather up appropriate papers
on deep water studies and send a cd to you and me.


In the meantime, I asked him if he could talk to Estelle and you today on a conference call, and discuss
what he knows about these projects and PCBs.  Can we set you and Estelle up for a call with him today? 
He's willing to spend a small amount of time visiting with you guys.  We won't have the data on the deep
water stuff by then, but I'm hoping he might be able to give Estelle and you enough qualitative info to get
us a better foundation and perhaps re-write for the Risk Evaluation.


By the way, the previous email you sent was VERY interesting.  Good to know.  Wish we'd known this
before.  I'll try to write this in the EECA today.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ "Fuller, Steve" ---06/16/2011 11:03:04 AM---Richard, I'm on a call until 10:30.  Estelle says these are
no help, she has seen most of these alre


From:    "Fuller, Steve" <SFuller@TechLawInc.com>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    06/16/2011 11:03 AM
Subject:    FW: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants


Richard,


I'm on a call until 10:30.  Estelle says these are no help, she has seen most of
these already.  She really needs the deep water SINKEY stuff.


Best,
Steve


-----Original Message-----
From: Robert K Johnston [mailto:johnston@spawar.navy.mil] 
Sent: Thursday, June 16, 2011 10:50 AM
To: Franklin.Richard@epamail.epa.gov
Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; Chadwick, Bart B CIV SPAWARSYSCEN-
PACIFIC, 71750; Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752; George, Robert D CIV
SPAWARSYSCEN-PACIFIC, 71752; Fuller, Steve
Subject: Re: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and other
Contaminants


Hi Richard,


I was good talking with you. We are working on getting a CD with all the SINKEX
studies for you. All the Oriskany reports are available at
http://environ.spawar.navy.mil/Projects/REEFEX/index.html


You may also be interested in these references as well:
EPA Guidance for artificial reefs
http://water.epa.gov/type/oceb/artificialreefs_index.cfm


SEA 21 Navy Inactive Ships Program
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/default.aspx
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/oriskanyfaqs.aspx


Ships to Reefs Program
http://www.ships2reefs.com/displaycommon.cfm?an=1&subarticlenbr=17



mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US

mailto:SFuller@TechLawInc.com





South Carolina Artificial Reef Program
http://saltwaterfishing.sc.gov/artificialreef.html


Florida Artificial Reef Program
http://myfwc.com/conservation/saltwater/artificial-reefs/


Escambia County (FL) Artificial Reefs
http://www.myescambia.com/Bureaus/CommunityServices/ArtificialReefs.html


Currents Article on Sinking Oriskany
http://www.enviro-navair.navy.mil/currents/summer2006/Sum06_Ships_To_Reef_Program.pdf


Artificial Reef Society of BC
http://www.artificialreef.bc.ca/


and the ultimate source....
Wikipedia
http://en.wikipedia.org/wiki/Artificial_reef


I hope that helps.


-bob
--
~~~o~~~<><~~~~o~~~><>~~~o~<><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW Space and Naval Warfare Systems Center
Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279
johnston@spawar.navy.mil


> ________________________________
>
> From: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Sent: Tue 6/14/2011 3:52 PM
> To: Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752
> Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; George, Robert D CIV 
> SPAWARSYSCEN-PACIFIC, 71752
> Subject: FW: Assistance on SPAWAR reports re Deep Ocean Effects from 
> PCBs and other Contaminants
>
> Roy/Rob/Bill,
>
> Can you please provide a response to the request below.
>
> Thanks,
>
> Bart
>
> -----Original Message-----
> From: Franklin.Richard@epamail.epa.gov 
> [mailto:Franklin.Richard@epamail.epa.gov]
> Sent: Tuesday, June 14, 2011 1:57 PM
> To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Cc: SFuller@TechLawInc.com
> Subject: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs 
> and other Contaminants
>
> HI Bart,
>
> Thanks for visiting with me this afternoon about Mr. (Dr?) Gauthier's reports on
the release of PCBs and other contaminants in the deep ocean from sunken vessels. 
As I mentioned in our call, we are working to assist the U.S. Coast Guard, Sector
Columbia River, with conducting an Engineering Evaluation and Cost Analysis (EE/CA)
of disposal options for an ex-Navy ship that has been abandoned on the lower
Columbia River.
>
> The vessel is an attractive nuisance, but more specifically is contaminated with
PCBs in interior paint and PCB-laced asbestos cabling insulation.  The USCG would
like to scuttle the vessel in 1000 fathoms of water, 65 miles offshore the coast
Oregon.
>
> In conducting the EE/CA, we've been having a hard time finding appropriate,
helpful studies or data on what might happen to PCBs in the deep ocean environment. 
However, we did find references to Mr.
>
> Gauthier's work in SPAWAR's January 2006 Final Report on the 
> Ecological Risk Assessment on the EX- ORISKANY, specifically;
>
> Gauthier et al. 2006. Risk Assessment of the Potential Release of PCBs and Other
Contaminants from Sunken Navy Ships in the Deep Ocean: ex-USS AGERHOLM Case Study.
>
> Final
> report prepared for SINKEX Technical Working Group, by Space and Naval Warfare
Systems Center, San Diego, CA. (in prep).
>
>  Another reference that looks to be helpful in this report is:
>
> Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha Stallard, and
D. H. Rushworth 1994. Ecological Analysis of Deep Sea Sinking of Navy Ships
Containing Polychlorinated Biphenyls (PCB) Impregnated Materials, White Paper. Naval







Command, Control, and Ocean Surveillance Center Research Development Test and
Evaluation Division (NRaD), Environmental Sciences Division, Code 52, 4 March 1994,
San Diego, CA.
>
> We've not been able to locate the these studies, so I'd like to request a copy
from your agency if possible.  Any help you can provide will be appreciated.  We'd
love to get our hands on a copy soon (would be great to have it such electronic
copy, but of course hard copy is great, too).
>
> At this point, ANY help is highly appreciated.  Any other references that you may
deem to be helpful would be appreciated.  Also, I've cc'd our EPA contractor who is
assisting with our risk assessment and also putting our report together.
>
> Thanks again for your help,
>
> Richard Franklin
> Federal On-Scene Coordinator
> U.S. EPA Region 10
> Oregon Operations Office
> 805 SW Broadway, Suite 500
> Portland, OR  97205
>
> Office:  (503) 326-2917
> Cell:     (503) 475-4178








From: Richard Franklin
To: Mary Queitzsch; Jonathan Freedman; Earl Liverman
Subject: Fw: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/17/2011 01:17 PM
Attachments: SINKEX Project Final Report (March 2006).pdf


Please see attached report from Navy.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/17/2011 01:17 PM -----


From:    "Robert K. Johnston" <johnston@spawar.navy.mil>
To:    Richard Franklin/R10/USEPA/US@EPA
Cc:    "Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751" <bill.wild@navy.mil>, "Chadwick,
Bart B CIV SPAWARSYSCEN-PACIFIC, 71750" <bart.chadwick@navy.mil>, "Fransham, Roy L
CIV SPAWARSYSCEN-PACIFIC, 71752" <roy.fransham@navy.mil>, "George, Robert D CIV
SPAWARSYSCEN-PACIFIC, 71752" <robert.george@navy.mil>, SFuller@TechLawInc.com,
gauth@nosc.mil, "Shiroma, Estelle" <EShiroma@TechLawInc.com>
Date:    06/17/2011 11:16 AM
Subject:    Re: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other
Contaminants


Hi Richard


See attached for SINKEX final report. It should be small enough to go
through the email server. Let me know if you receive this ok.


-bob


> > -----Original Message-----
> > From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov]
> > Sent: Tuesday, June 14, 2011 1:57 PM
> > To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> > Cc: SFuller@TechLawInc.com
> > Subject: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs
and other Contaminants
> >
> > HI Bart,
> >
> > Thanks for visiting with me this afternoon about Mr. (Dr?) Gauthier's
reports on the release of PCBs and other contaminants in the deep ocean from
sunken vessels.  As I mentioned in our call, we are working to assist the
U.S. Coast Guard, Sector Columbia River, with conducting an Engineering
Evaluation and Cost Analysis (EE/CA) of disposal options for an ex-Navy ship
that has been abandoned on the lower Columbia River.
> >
> > The vessel is an attractive nuisance, but more specifically is
contaminated with PCBs in interior paint and PCB-laced asbestos cabling
insulation.  The USCG would like to scuttle the vessel in 1000 fathoms of
water, 65 miles offshore the coast Oregon.
> >
> > In conducting the EE/CA, we've been having a hard time finding
appropriate, helpful studies or data on what might happen to PCBs in the
deep ocean environment.  However, we did find references to Mr.
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1.0. Executive Summary 
1.1. Introduction 
This report assesses the ecological and human health risks of polychlorinated biphenyls (PCBs) 
that could be released from former Navy vessels sunken in the deep ocean during training and 
weapons testing conducted as part of the Navy’s deep water sinking exercise (SINKEX) 
program. This document presents the ecological risks determined from a detailed site-specific 
study of the ex-AGERHOLM; a destroyer (DD-862) sunk in 916 m (2750 ft) of water about 120 
nm off the coast of San Diego, CA, in 1982. The site-specific assessment followed the guidelines 
recommended by the “Ocean Testing Manual (Green Book)” (USEPA/USACE 1991) and the 
“Framework for Ecological Risk Assessment” (USEPA 1992, 1998a, b) to assess ecological 
impacts to deep-sea benthic, epibenthic, and pelagic receptors at the site. In addition, 
concentrations of PCBs measured in commercially harvested sablefish collected from the ex-
AGERHOLM site and reference sites located about 4 nm from the ex-AGERHOLM were used 
to assess the ecological risks from trophic transfer of PCBs (Supplement I) and human health 
risks from seafood consumption (Supplement II). The technical data and information presented 
in this report were developed to meet the regulatory requirements identified by the U.S. EPA for 
conducting SINKEX missions in deep water off the continental shelf. 



Prior to 1989, the Navy’s SINKEX program intentionally, and sometime inadvertently, sank 
target vessels – former U.S. Navy warships – during live fire training and weapons testing 
exercises. Most SINKEXs took place in ocean waters greater than 3,000 m (6,000 ft) in depth, 
although some ships inadvertently sank in depths of 600-1000 m (1,800-3,000 ft). In 1989 the 
Navy voluntarily suspended the SINKEX program and discontinued the donation of ships for 
reef building (REEFEX) when it was discovered that PCBs-in solid materials (PCBs-ISM) were 
likely to be found aboard the ships being used for these programs. The solid materials containing 
PCBs included electrical cable insulation, rubber products, felt gaskets, bulkhead insulation, 
paints, and other similar materials. 



An initial evaluation of the problem, based on limited laboratory data, existing literature, and a 
numerical model of PCB releases in the deep ocean, concluded that PCBs left onboard target 
ships did not pose an adverse risk to the marine environment (Richter et. al., 1995). However, the 
U.S. Environmental Protection Agency (EPA) noted that the report contained no field data and 
did not consider the release of potentially toxic substances other than PCBs. The EPA stipulated 
that field data documenting acceptable risk from sunken SINKEX ships would be needed for the 
EPA to concur with continuation of the Navy’s SINKEX program. In 1995, the Space and Naval 
Warfare Systems Center San Diego (SSC-SD, formerly the Naval Command Control and Ocean 
Surveillance Center) in cooperation with the EPA Office of Water developed a plan to evaluate 
the marine environment in the vicinity of a sunken U.S. Navy ship to determine whether 
potentially toxic materials from that ship (particularly PCBs) were being released, and whether 
any releases might pose an adverse risk to the environment. A PCB Leach Rate study and a field 
study of the environmental effects from sunken Navy vessels at SINKEX sites was proposed by 
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the Navy, reviewed by the EPA, and approved in an agreement signed by the EPA and the Navy 
in 1996.1 



The field study consisted of a series of oceanographic cruises conducted between 1996 and 1999, 
first to locate a vessel, and then to collect site-specific data from the deep ocean environment 
adjacent to the sunken hulk and reference areas surrounding the site. The results of the study 
found no evidence of ecological risk to deep-sea benthic, epibenthic, and pelagic communities 
associated with PCBs-ISM onboard the ex-AGERHOLM. Furthermore, analysis of PCB 
concentrations in sablefish collected from the ex-AGERHOLM and reference sites showed 
negligible risk to ecological receptors from trophic transfer of PCBs (Supplement I) and 
negligible risk to human consumers of sablefish though the commercial market basket pathway 
(Supplement II). The approach, results, and conclusions of the field study are presented in this 
report. 



1.2. Technical Approach 
The objectives of the study were to determine if potential contaminants of concern (PCOC): (1) 
have been released from a representative sunken naval vessel, and if so, (2) whether they have 
adversely impacted the adjacent marine environment. A site conceptual model was developed to 
relate the possible source and release of contaminants from the sunken vessel to the biological 
receptors ultimately at risk in the deep-sea ecosystem and food chain (e.g., human health) 
(Figure 1-1). Site-specific data were collected to evaluate the exposure pathways, assess impacts 
to the assessment endpoints, and develop a risk-based assessment of potential impacts from 
releases of PCBs from SINKEX vessels. Additionally, the decision was made to consider 
polycyclic aromatic hydrocarbons (PAHs) and metals as PCOC in view of the possibility of their 
potential to cause toxicity and bioaccumulated in the food chain. 



                                                 
1 Agreement Between the Department of the Navy and the United States Environmental Protection Agency: USE 
OF VESSELS CONTAINING POLYCHLORINATED BIPHENYLS AS TARGETS AND TEST PLATFORMS 
RESULTING IN THEIR SINKING, Signed 19 August 1996 by R.B. Pirie, Jr., ASN (I&E), Dept. of the Navy, and 
S.A. Herman, Asst. Administrator for Enforcement and Compliance Assurance, U.S. EPA. 
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Figure 1-1. Site Conceptual Model depicting the pathways between stressors at sunken ship and ecological 
and human health receptors at risk. 



1.2.1. The Study Site and General Assessment Approach 
A focused attempt was made to locate a suitable hulk, which had been sunk under the SINKEX 
program, to meet the requirements of the field study. Considerable time and effort was expended 
in the search for a candidate vessel, until the summer of 1996, when the hulk of the ex-
AGERHOLM was discovered. The ex-AGERHOLM (DD-862) was a WWII-era destroyer sunk 
during a weapons test in June 1982. The sunken vessel is located approximately 120 nautical 
miles off the southern California coast at a depth of 916 m (2,750 ft, Figure 1-2). While only a 
single sunken ship was located and studied in this effort, information obtained from ex-
AGERHOLM site was assumed to be representative of the types of ships of that class, age, and 
degree of preparation used as expendable targets in the pre-1990 SINKEX program. Since 1990, 
SINKEX ships have been more extensively cleaned, particularly for PCBs. Therefore; the ex-
AGERHOLM likely contained more PCBs-ISM than ships sunk after 1998. Consequently, more 
recent SINKEX vessels will likely pose less risk from PCBs-ISM. 



The ex-AGERHOLM was sunk at a shallower depth (2,750 ft) rather than the required 6,000 ft in 
accordance with a Navy decision (CNO Memorandum Ser 04R/395370 dated 29 December 
1982). The reason for this was that the vessel began to take on excessive water as it was being 
towed to a designated SINKEX site, and it sunk prematurely. For the purposes of this study, the 
site was considered a deep-water disposal site and evaluated within the framework of the 
“Evaluation of Dredged Material Proposed for Ocean Disposal, Testing Manual” (commonly 
referred to as the “Ocean Testing Manual” or the “Green Book”); jointly produced by the EPA 
and the U.S. Army Corps of Engineers (USACE) (USEPA/USACE, 1991). Additionally, the 
USEPA’s “Framework for Ecological Risk Assessment” (ERA) (USEPA, 1992, 1998a, b) was 
used to provide guidance in structuring the study as a risk assessment. 



Deep Sea
Benthic



Community



Deep Sea
Epibenthic
Community



Deep Sea
Pelagic



Community



Sediments



Surface of
Ship



Water
Column



Sunken
Ship



Sorption/
Settling



Desorption/
Resuspension



Contact/
Uptake



Leaching
of COCs



from Ship



Primary
Source



Secondary
Source



Release
Mechanism



Tertiary
Source



Primary
Receptors



Release
Mechanism



Uptake
Mechanism



Food Chain
Receptors



Uptake
Mechanism



Ocean
Pollution



Deep Sea
Fishery



Release of COCs
into Ocean Ingestion/



Incidental
Contact











 1-4



Figure 1-2. Geographic setting of sunken ship ex-AGERHOLM 120 nm west of San Diego. 



The Risk Assessment Framework recommends the logical progression of study planning 
commencing with problem formulation, proceeding through an analysis phase consisting of an 
exposure and effects assessment, and culminating with a risk characterization phase. For the 
SINKEX Study, the problem formulation phase began with stressor/source characterization, 
progressing to the selection of assessment endpoints to represent those ecological attributes, 
which require protection, and culminating with the development of the site conceptual model 
(Figure 1-1). The site conceptual model describes the expected environmental pathways for 
exposure and effects to the assessment endpoints. The Ocean Testing Manual guides the risk 
assessor through a tiered-sampling approach based on a triad of tests: chemical analysis to 
measure contaminant concentrations in sediment, sediment toxicity bioassays, and sediment 
bioaccumulation analyses. The analysis plan developed for the SINKEX Study used the triad of 
tests as specific measures of exposure and effects to evaluate potential effects to the assessment 
endpoints identified in the conceptual model. 



1.2.2. Potential Stressors of Concern 
Polychlorinated biphenyls (PCBs) are a group of synthetic halogenated aromatic hydrocarbons 
that have been linked to adverse environmental and public health issues. As mentioned 
previously, the regulatory driver for this study was PCBs-ISM that had been discovered on Navy 
ships; thus PCBs are the primary contaminant of concern (PCOC). Total PCBs within this 
investigation were defined in two different ways. The first approach summed the 21 congeners 
used in the Ocean Testing Manual (referred to as the “Green Book 21”) using the value of zero 
for any nondetected congener (USEPA/USACE 1991). The second approach included the 
addition of 5 coplanar congeners considered important in environmental health assessments 
(referred to as the “SINKEX 26”) using half of the detection limit for any undetected congener. 
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Navy ships are comprised mostly of metal; therefore, it is possible that metal corrosion processes 
could also be responsible for any potential toxicity effects and/or bioaccumulation observed 
during the study of a SINKEX vessel. To address the possibility that effects not associated with 
PCBs (i.e., the primary stressor of concern) might be found, it was decided to sample for metals 
– the main constituent of Navy ship construction. Correspondingly, eight potential metal 
contaminants found in a typical Navy ship were considered secondary contaminants of concern 
(SCOCs): mercury (Hg), zinc (Zn), lead (Pb), chromium (Cr), copper (Cu), nickel (Ni), cadmium 
(Cd) and silver (Ag). 



Another set of SCOCs was polycyclic aromatic hydrocarbons (PAHs). Many PAH compounds 
are normally present in fuel and lube oils. While the Navy attempted to empty all target ships 
(including the ex-AGERHOLM) of these liquids during preparation, it is possible that some PAH 
compounds remained after cleaning, leaving small volumes or residues at the bottom of storage 
tanks, operating machinery, and other equipment. 



Finally, several other kinds of sediment properties were selected to aid in data interpretation 
related to the above stressors of concern, including acid volatile sulfides/simultaneously 
extracted metals (AVS/SEM), particle size, total organic carbon (TOC) and calcium carbonate 
(CaCO3). 



1.2.3. Assessment & Measurement Endpoints, and the Sampling and Analysis 
Design 



As part of the Problem Formulation phase in this SINKEX ERA, and based on an evaluation of 
the exposure pathways to PCBs associated with the ship, assessment endpoints were identified to 
evaluate effects in the following deep ocean communities: 



The growth and survival of: 
• Benthic infauna living in the deep ocean sediment bed (Deep Sea Benthic Community); 
• Epibenthic infauna living on top of the deep ocean sediment bed (Deep Sea Epibenthic 



Community); and 
• Pelagic fish present in the deep ocean (Deep Sea Pelagic Community). 



Integrating these assessment endpoints with the testing scheme recommended by the Ocean 
Testing Manual, an analysis plan was developed to use (1) sediment chemistry, (2) sediment 
acute and chronic toxicity bioassays, and (3) sediment bioaccumulation analyses as the three 
primary lines of evidence in the SINKEX study. The following laboratory tests were used to 
assess sediment toxicity: 



1. 10-day acute toxicity test (survival and reburial, the latter test used only to validate the 
survival test) on surrogate amphipods (Rhepoxynius abronius), exposed to site sediments.  



2. 28-day chronic toxicity test (growth and survival) on surrogate polychaetes (Neanthes 
arenaceodentata), exposed to site sediments. 



To assess bioaccumulation of contaminants from the sediments, the following laboratory tests 
were used: 



3. Tissue concentrations of PCBs, metals, and PAHs in surrogate clams (Macoma nasuta), 
after 28-day laboratory exposures to sediments from the site. 
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4. Tissue concentrations of PCBs, metals, and PAHs in surrogate polychaetes (Nephtys 
caecoides) after 28-day laboratory exposures to sediments from the site. 



1.2.4. Use of a Decision Matrix in a Weight-of-Evidence Approach 
A decision matrix (Table 1-1) was developed to establish the decision rules prior to 
commencement of the field studies for the final evaluation of ecological risk due to PCBs from 
the sunken ship ex-AGERHOLM. This decision matrix was the result of planning efforts 
conducted jointly with the EPA to ensure that the technical approach and final evaluation criteria 
were consistent with the U.S. EPA’s framework for Ecological Risk Assessment and the Ocean 
Testing Manual’s protocols for the testing of contaminated sediments prior to ocean disposal. 



Table 1-1. Risk decision matrix for sediment data. 



Outcome 
Number 



Sediment 
Chemistry 



Acute/Chronic 
Toxicity 



Laboratory 
Bioaccumulation 



Benthic 
Community 



Indication of 
Risk 



1 – – – ± None 
2 + – – ± None 
3 – + – ± Potential Local 
4 + + – ± Probable Local 
5 + – + ± Potential Food 



Chain 
6 + + + ± Probable Local 



and Potential 
Food Chain 



+ Significant unfavorable difference for Inner Ring for any endpoints measured. 
– No significant unfavorable difference for Inner Ring for endpoints measured. 
± No effect on decision. 



1.2.5. Sampling Execution and Statistical Analysis 
Three successful sampling efforts on the ex-AGERHOLM took place between September 1998 
and November 1999. Eighteen sediment stations were sampled on two rings located 2-4 meters 
(Figure 1-3) from the vessel and approximately 1,000 meters (reference stations, Figure 1-4), 
respectively. The project design included precision sediment sampling (±2 m) through the use of 
a remotely operated vehicle (ROV), the development of an innovative sampling device capable 
of obtaining sediment with an intact (i.e., undisturbed) sediment surface, ultra-low chemical 
analyses of sediment and tissue samples, radiological dating of sediments, sedimentation rate 
sampling, toxicity and bioaccumulation testing utilizing two marine species as surrogates for 
deep-water infauna, bottom current measurements and bottom water chemistry. Stations on the 
same ring were considered to be field replicates for the ship or reference site. 



In addition, fish traps were deployed to obtain samples of representative deep-ocean pelagic fish 
found at the ex-AGERHOLM site and reference sites located about 4 nm from the hulk (Figure 
1-4). These data were used to evaluate the ecological risk of trophic transfer of PCBs 
(Supplement I) and assess human health risks associated with seafood consumption (Supplement 
II). 











 1-7



Figure 1-3. Sampling design for Inner Ring. 



Figure 1-4. Sampling design for reference sites of Outer Ring sediment stations and fish sampling stations. 
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A two-way analysis of variance (ANOVA) was used to compare conditions at the sunken vessel 
site to the reference sites with sample date as the interaction variable. Because not all samples 
needed were collected during a single cruise and the individual cruises were about one year 
apart, time of sampling was included as a possible interaction term in the statistical analysis. The 
null hypothesis addressed by this investigation was: 



There is no significant statistical difference (p<0.05) between the ex-AGERHOLM and 
reference sites for any of the biological and chemical measurements performed.  



where p is the probability that any differences are not due to chance alone. 



1.3. Study Results 
The preponderance of data indicates no significant elevation of PCBs in the sediment/or in tissue 
of benthic organisms since the sinking of the ex-AGERHOLM in 1982. Table 1-2 summarizes 
the overall results for the three “determining” lines of evidence, with a “NS” indicating that there 
was no statistical difference (p<0.05) found between the Inner Ring (ex-AGERHOLM site) and 
the Outer Ring (Reference site). 
Table 1-2. Overall results from the three lines of evidence used in risk determination. 



Line of Evidence Overall 
Result 



Results of Individual Tests 



PCB Chemistry NS1 21GB Congeners2 26 SINKEX Congeners3 



 NS NS 



Toxicity NS 10-day Rhepoxynius 28-day Neanthes 



Survival4 Reburial5 Survival  Growth6  
NS NS NS NS 



PCB 
Bioaccumulation 



NS 28-day Nephtys 28-day Macoma 



  Tissue Concentration Tissue Concentration 



  NS NS 



Notes: 
1) NS= Not statistically (p<0.05) significant 
2) 21GB Congeners=Total Green Book PCBs are determined through the summation 21 specific PCB congeners, 
with non-detected congeners given a value of zero. 
3) 26 SINKEX=The 21 Green Book Congeners + 5 additional coplanar PCBs with non-detected congeners given a 
value of ½ the detection limit. 
4) 10% survival difference was statistically different, but did not meet Green Book species-specific requirements to 
show a 20% difference, based on inherent variability in response of this particular species. 
5) Reburial testing used to validate the survival test (if no statistical difference, survival data can be used) 
6) Large difference in Zero Time size of test organisms caused uncertainty in results, but Inner Ring test worms grew 
faster, relative to control worms, than those of the Outer Ring. 



1.3.1. Primary Line of Evidence: PCB Chemistry in Sediments 
Sediment chemistry was evaluated by comparing the sum of PCB congeners measured in 
samples from the Inner Ring to samples from the Outer Ring and determining whether sediment 
concentrations exceeded benchmark concentrations associated with causing ecological effects. 
“Effects range” values for various chemical contaminants have been developed by the National 
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Oceanographic and Atmospheric Administration’s (NOAA) National Status and Trends Program 
(NS&T, Long and Morgan 1991, Long et al. 1995) and have been recommend for use for 
assessing ecological risk of contaminated sediments in estuarine and marine environments 
(USEPA 1996, Buchman 1999). The Effects Range-Low (ERL) is the concentration of a 
chemical below which adverse biological effects are rarely observed. Alternatively, a higher 
benchmark, the Effects Range-Median (ERM) is a chemical concentration, above which adverse 
biological effects frequently occur. 



The mean PCB concentrations measured in the deep ocean sediments collected from each of the 
10 Inner Ring and eight Outer Ring stations based on the sum of 21 Green Book congeners and 
26 SINKEX congeners are shown in Figure 1-5 and Figure 1-6, respectively. The PCB 
concentrations measured in samples from the Inner Ring (mean 3.90 µg/kg, range 0.49-9.80 
µg/kg for 21 Green Book and mean 5.54 µg/kg, range 0.36-14.25 µg/kg for 26 SINKEX) were 
about twice as high as PCB concentrations measured in samples from the Outer Ring (mean 1.52 
µg/kg, range 0.41-4.28 µg/kg for 21 Green Book and mean 2.07 µg/kg, range 0.87-4.85 µg/kg 
for 26 SINKEX), but the differences were not statistically significant (21 Green Book congeners 
p=0.13 and 26 SINKEX congeners p=0.07). All sediment PCB concentrations were below the 
ERL (22.7 µg/kg). 



Figure 1-5. Total of 21 Green Book PCB Congeners measured at Inner and Outer Ring stations. Labels on 
x-axis denote sample location (see Figure 1-3) and year collected. 
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Figure 1-6. Total of 26 PCB Congeners measured at Inner and Outer Ring stations. Labels on x-axis denote 
sample location (see Figure 3) and year collected. One-half detection limit was used for nondetected 
congeners. 
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growth), relative to their respective negative (i.e., native “unexposed” sediment) controls (see 
Relative Percent Difference, Figure 1-9). 
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Figure 1-7. Rhepoxynius abronius survival. 



 



Figure 1-8. Neanthes arenaceodentata survival. 



Figure 1-9. Neanthes arenaceodentata growth rates (RPD=Relative 
Percent Difference). 
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1.3.3. Primary Line of Evidence: PCB Bioaccumulation. 
The potential for PCBs to accumulate in the food chain was evaluated by determining whether 
there was a statistically significant increase in the bioaccumulation of PCBs in organisms 
exposed to sediment from the Inner Ring compared to the Outer Ring. Statistical significance 
was evaluated using a two-way ANOVA with site and time of sampling as the interacting 
variables (USEPA/USACE 1991). 



Figure 1-10 and Figure 1-11 present the PCB bioaccumulation test results for Macoma and 
Nephtys, respectively, for both the sum of 21 Green Book congeners and the sum of 26 SINKEX 
congeners. Comparisons between Inner and Outer Ring showed no statistical differences at the 
p<0.05 levels for Macoma (Figure 1-10) or for Nephtys (Figure 1-11). Station 1-8 was notably 
elevated, with the highest PCB concentrations for both Macoma and Nephtys, at nearly 
quadruple the next highest station in Macoma. This and other elevated results at the ship's stern 
are discussed in the following section. 



 



Figure 1-10. The sum of congeners measured in Macoma nasuta tissues (µg/kg dry weight). The sum of 21 
Green Book congeners (Green Book Total) and the sum of 26 SINKEX congeners (Grand Total) are shown 
for each station. Labels on x-axis denote sample location (see Figure 1-3) and year collected. 
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Figure 1-11. The sum of congeners measured in Nephtys caecoides tissues (µg/kg dry weight). The sum of 21 
Green Book congeners (Green Book Total) and the sum of 26 SINKEX congeners (Grand Total) are shown 
for each station. Labels on x-axis denote sample location (see Figure 1-3) and year collected. 
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sablefish data; and 



• Assess human health risks from seafood consumption of sablefish. 



Benthic Community: Results from the benthic community analysis were used to characterize the 
deep ocean environment at the site. Enumeration of 1,508 benthic specimens resulted in 240 
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significant differences in the “whole community” measures of diversity, richness, and abundance 
between the Inner (ex-AGERHOLM) and Outer (Reference site) Rings. There were differences 
in major taxonomic groups between the two sites, but these differences were correlated with 
differences in sediment (grain size and TOC) at the two sites. 



Secondary COCs (SCOCs): The results for the SCOCs showed that cadmium, copper, nickel and 
silver were statistically higher and biologically available in samples from the Inner Ringer (Table 
1-3). 



Table 1-3. Matrix indicating significant Inner and Outer Ring differences for secondary (PAHs and metals) 
chemicals of concern (“+” indicates significantly higher concentrations from the Inner Ring [p≤0.05], “–” 
indicates rings not significantly different). 



Secondary Chemicals of Concern Sediment Chemistry 
Macoma 



Bioaccumulation 
Nephtys 



Bioaccumulation 
Total PAH41 – – – 
Cadmium + + + 
Chromium – – – 



Copper + + – 
Lead – – – 



Mercury – – – 
Nickel + – – 
Silver + – + 
Zinc – – – 



 
Spatial Distribution of PCBs. The highest chemical concentrations and evidence of negative 
biological response were measured at stations that clustered near the large break in the hull at the 
rear of the ship (Figure 1-12, Table 1-4). These results were not correlated station-to-station or 
among lines of evidence (i.e., chemistry, toxicity, bioaccumulation). For example, Station 1-6 
exhibited toxicity but no effects-inducing levels of PCBs or any other contaminant. Station 7 had 
higher chemistry levels for a number of constituents: chromium bioaccumulated from this station 
in the Macoma clam, PCBs measured by congeners and Aroclors (the latter measurement 
representing about 80% of the total Aroclor concentration detected for the sum of all stations), 
and PAHs. The concentration for this station was at least 6 times higher than any other station, 
but was still below effects-inducing levels found in the scientific literature. Sediment grain size 
characteristics of the ocean bottom appeared to be the most likely explanation for the toxicity 
observed at Station 1-6. Qualitatively, these various individual analytical results did not appear 
to be correlated. Quantitatively, attempts to use statistics to probe for correlations did not reveal 
any significant relationships. 
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Figure 1-12. Inner Ring sediment sampling stations. Stations where elevated biological or chemical results 
were found to be clustered, in bold. 
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It is hypothesized that there were more contaminants released from the break in the ship and 
deposited into the sediments after the ship settled onto the ocean bottom, compared to the other 
parts of the hulk. The break in the hull, internal structures, and equipment at the rear of the ship 
may have caused an increase in exposed surface area of the inside of the hulk for leaching and/or 
particulate transfer of contaminants from shipboard materials into the environment. These results 
suggest that PCBs and other contaminants released from the ship were very localized and were 
confined to areas with the immediate vicinity of the ship. 



Sablefish Assessment: The exposure assessment found that sablefish sampled from the ex-
AGERHOLM (ship) site had statistically higher concentrations (by a factor of 1.4-1.5) of PCBs 
than sablefish sampled from reference locations about 4 nm away from the ship. Tissue residue 
benchmarks were developed to evaluate potential effects from exposure to Total PCBs. The 
benchmarks for Total PCB were based on the tissue screening value (TSV), bioaccumulation 
critical value (BCV), and critical body residues (CBRs). These benchmarks are chemical residue 
thresholds at or below which adverse toxicological effects would not be expected. The initial 
comparison of sablefish data to tissue residue benchmarks showed that there was low risk of 
exposure to primary and secondary consumers in the deep-sea pelagic community because Total 
PCBs in sablefish from the ship site were significantly higher than reference and three samples 
from the ship sites exceeded the most conservative benchmark (TSV) used in the analyses. 
However, no sample exceeded any of the less conservative benchmarks, suggesting it was 
unlikely that exposure was be harmful (see Supplement I for details of this analysis). 



Human Health Risk Assessment: The Navy collected samples of sablefish from the area around 
the ex-AGERHOLM in 1998 and 1999. PCB concentrations found in the samples were used to 
calculate both an increased cancer risk for people from eating these sablefish, and the risk of 
developing health effects other than cancer. These health risk assessments were based on typical 
exposures from commercial market basket fish. The risk values were all lower than, or safer 
than, levels which are considered acceptable by the United States Environmental Protection 
Agency. The fish around the ex-AGERHOLM are therefore considered safe to eat (see 
Supplement II for details of this of the human health risk assessment). 



In summary, based on the sampling design, in which individual stations represented replicates 
for both the ship and reference sites, the contaminant and toxicity signals observed did not 
contribute to an overall statistical difference between the ship and reference sites.  



1.3.5. Overall Risk Determination 
Primary Lines of Evidence in Decision Matrix: Based on the negative outcomes from the three 
primary lines of evidence in comparing Inner Ring (ship site) to the Outer Ring (reference site), 
it was determined that there is no significant risk to the marine environment from PCBs-ISM 
onboard the ex-AGERHOLM. 



Supplementary PCB Data: There are isolated individual spikes of sediment and tissue PCB 
concentrations, as well as toxicity, which were observed at individual sampling stations, but no 
correlation among these results with respect to specific location, lines of evidence (i.e. sediment 
chemistry, toxicity, bioaccumulation), and environmental compartment.  



Secondary COCs Data: Based on the assessment of secondary COCs, there appear to be several 
metals, including Ni, Cd, Cu, and Ag, that have been released from the vessel and have 
accumulated in the sediment near the ship. 
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Nickel was present at sediment concentrations high enough to pose a probable risk to site biota, 
however the nickel benchmark criterion used in this determination is suspect. Two other metals 
(Cu and Cd) were measured at sediment concentrations high enough to pose a low but possible 
risk. 



Three metals (Cd, Cu, and Ag) were shown in laboratory tests to bioaccumulate at higher levels 
in test organisms exposed to the ship sediments (relative to those exposed to reference site 
sediments). Copper concentrations accumulated in Macoma tissues were significantly greater at 
the Inner Ring (98.2 mg/kg) than the Outer Ring reference (60.4 mg/kg) and copper accumulated 
to levels much higher than observed in “clean” Mussel Watch stations (6.0-12.8 mg/kg). 



Three other metals (lead, mercury, and zinc) bioaccumulated in both ship and reference sediment 
laboratory tests – to levels higher than the “clean” Mussel Watch stations – indicating possible 
elevated levels of these metals in ocean sediments. 



Other Supplementary Data: Physical characteristics, especially grain size, which differed 
between the ship and reference sites, may explain overall differences in benthic community 
structure and toxicity between the two sites. 



Supplementary Sablefish Analysis: The overall risk determined by the probability of exceeding 
benchmarks for Total PCBs showed very low risk of potentially harmful exposure to the deep-
sea pelagic community and negligible risk to sablefish from critical body residues of Total PCB. 



Human Health Risk Assessment: The human health risk assessment concluded that there was 
negligible risk of PCB exposure to human consumers of sablefish though the commercial market 
basket pathway. 



1.4. Uncertainty 
Uncertainty is a critical part of any scientific study, including risk assessment. The major sources 
of uncertainty in this study are summarized below: 



1. Small number of samples: Because of the sampling difficulties, fewer samples than originally 
planned were collected, which resulted in a decrease of statistical power and less confidence 
in the conclusions that can be drawn from the data. The depth of the site, the difficulty in 
obtaining samples and the heterogeneous nature of the bottom substrate (rock and sediment) 
decreased the number of actual high-quality samples that could be obtained. These factors 
required a reduction in the number of sampling sites, thereby decreasing the total number of 
stations assessed and sediment samples retrieved. 



2. Long time interval between field sampling events: Due to sampling and scheduling 
difficulties, samples were taken more than a year apart, which introduced the possibility of a 
time-dependent error that decreased the ability to statistically discriminate differences 
between ship and reference sites. Specifically, most inner ring ship stations were sampled in 
September 1998 and most of the outer ring reference stations were sampled in November 
1999. 
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3. Inconsistencies in lab analyses caused by time interval (#2, above): Samples collected and 
analyzed over a year apart caused some inconsistencies in analytical procedures as itemized 
below: 



• In a few cases, samples were analyzed by different laboratories and personnel, using 
different methods and equipment. However, adequate quality assurance and quality 
control procedures were always used, and the precision and accuracy of the 
overwhelming majority of the results were never in question. 



• For the bioaccumulation tests, different-sized worms at the initiation of the two 
experiments (Neanthes) caused uncertainty in the comparison of growth rates. 



4. Possible laboratory contamination: There were two instances of possible external 
contamination of laboratory animals/equipment, leading to difficulties in interpretation: 



• An increase in tissue PCBs in Macoma and Nephtys control specimens during 
bioaccumulation tests, possibly due to contaminated lab water or sediment; and 



• High initial (time zero) body burdens of PAHs in Macoma controls, most likely from test 
organisms obtained from a vendor, which were not discovered until detailed analysis of 
the data was accomplished. 



5. Different sediment used for chemical and biological tests: The complications in sampling 
design forced a two-pronged requirement at every sediment station. One small, undisturbed 
sample of sediment for chemical analysis and several larger samples from the same location 
composited as one large volume of sediment for bioassays (i.e., toxicity testing and 
bioaccumulation) had to be retrieved from each station. Since the only effective sampling 
device for sediments proved to be the small boxcores manipulated by ROV, many samples 
were required to produce a composite sample large enough to support bioassay testing for a 
single station. The sediments used for bioaccumulation testing were obtained and treated 
differently than sediment chemistry samples, and due to the apparent heterogeneity of 
contaminants, created difficulties in relating site exposure to bioaccumulation and toxicity 
observed in the laboratory. 



Only one study site used: During initial planning stages, a scientific review panel thought that it 
was necessary to conduct investigations at more than just one SINKEX site. Although 
considerable time, resources and effort were spent attempting to find more than one SINKEX 
vessel, only the ex-AGERHOLM was ultimately located and utilized as the lone study site. 



1.5. Comparisons to Global PCB Data 
It is useful to examine where the results of the SINKEX study fits into a global perspective on 
PCBs in sediments. Figure 1-13shows that even the highest PCB concentrations reported in the 
SINKEX study are considerably lower than the most conservative benchmark for adverse effects 
in any of the literature reviewed (Section 2.3 of this report). This supports the conclusion that the 
levels of PCBs measured in the sediments at the ex-AGERHOLM site are below the range of 
concentrations reported to cause effects from PCB exposure. 











 1-20



Figure 1-13. Sediment PCB toxicity reported from literature (PCBs as Aroclors or congener sums). 



1.6. Conclusions 
In conclusion, the results of the SINKEX study support a finding of no incremental risk to the 
marine environment associated with PCBs-ISM onboard the ex-AGERHOLM and there was no 
evidence of adverse effects. The conclusions from the study were based on a weight-of-evidence 
decision matrix developed prior to initiating the study. This technical approach is scientifically 
defensible and was the result of planning and consensus among Navy and U.S. EPA risk 
assessors and managers. The study also adheres to principles laid out by the U.S. EPA and the 
Army Corps of Engineers for ocean sediment testing and ecological risk assessment. A simple 
“study site” vs. “reference site” statistical testing design was used; however, the execution of 
deep ocean sampling over a period of one year required the use of a two-way ANOVA rather 
than a simple “t-test.” No statistically and biological/ecologically significant differences were 
found between the study site and reference sites, for any of the three primary lines of evidence 
(sediment chemistry PCBs, sediment toxicity, and PCB bioaccumulation). No differences in 
overall ecological community structure measures were observed between the two sites, and the 
human health risk values from eating sable fish in commercial market basket exposure scenario 
were all lower than, or safer than, levels which are considered acceptable by the United States 
Environmental Protection Agency. Both results support the conclusion that decommissioned 
Navy vessels can safely be used for SINKEX exercises. 



Physical characteristics of the sites, especially grain size, differed between the ship and reference 
sites, and were weakly correlated with differences observed among taxonomic sub-groupings of 
benthic community structure between the two sites. These physical differences may also explain 
the toxicity observed at Station 1-6. Isolated, elevated measurements for some COCs (PCBs, 
metals, PAHs) in sediment and tissue samples were observed for some stations, and these higher 
concentrations appeared to be clustered near the massive break in the ship structure. With the 
exception of three metals, the slightly elevated COCs were not statistically significant when 
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combined as replicates in the Inner versus Outer Ring comparisons. Nickel poses a probable 
localized risk, but using a benchmark in which there is low confidence, while copper and 
cadmium pose a possible, but low localized risk. The supplemental sablefish ecological risk 
assessment found very low risk of potentially harmful exposure to the deep-sea pelagic 
community and negligible risk to sablefish from critical body residues of Total PCBs. The 
human health risk assessment concluded there was negligible risk to the human consumers of 
sablefish though the commercial market basket pathway. Finally, when compared to global data 
on marine PCBs, the PCB concentrations in sediments found at the ex-AGERHOLM site are 
well below any observed effects levels. 
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2.0. Problem Formulation 
2.1. Introduction 
In April 1995, The Naval Sea Systems Command (NAVSEA) tasked the Environmental 
Sciences Division of Space and Naval Warfare Systems Center – San Diego (SSC-SD) (formerly 
Naval Command, Control and Ocean Surveillance Center, Research, Development, Test & 
Evaluation Division - NRaD) to evaluate the marine environment in the vicinity of a sunken U.S. 
Navy ship to determine whether potentially toxic material from that ship was being released and 
whether any release(s) might pose an adverse risk to the environment. Ships sunk under the 
Navy’s deep-water Sinking Exercise (SINKEX) program were thought to contain 
polychlorinated biphenyls in solid materials (PCBs-ISM).  



In order to ensure operational readiness, the Navy routinely conducted training and weapons test 
exercises resulting in both the intentional and sometimes inadvertent sinking of Navy target 
vessels that were intended for reuse as target vessels. These sinkings normally took place in 
ocean waters greater than 3000 meters in depth, although some exercises were conducted in 
shallower waters. NAVSEA also asked that SSC-SD work cooperatively with the Navy 
Environmental Health Center (NEHC) to perform a human health risk assessment, if required. 



The impetus for this study was the Navy’s termination of SINKEXs pending discussions 
concerning regulatory oversight and the associated permit held under the Marine Protection, 
Research and Sanctuaries Act (MPRSA) for the SINKEX program. Prior to 1990, in addition to 
conducting deep-water sinking exercises, the Navy also donated unneeded vessels to local 
agencies for use in reef building. After initial discovery of PCBs aboard Navy ships in 1989, the 
Navy voluntarily suspended SINKEXs and discontinued the donation of ships for reef building 
until it was determined whether PCBs-ISM posed an unacceptable risk to the marine 
environment. 



In 1994, NAVSEA requested SSC-SD to evaluate the risk of PCBs leaching from material 
located in these sunken ships using existing information. The result was a report based on 
available literature and a numerical model, which concluded that PCBs on these ships did not 
pose an adverse risk to the marine environment (Richter et. al., 1995). However, the U.S. 
Environmental Protection Agency (EPA) noted that there was no field data involved in the report 
and that there was no consideration of potentially toxic substances other than PCBs. The EPA 
indicated that field data would support continued EPA concurrence with the Navy SINKEX 
permit. Therefore, a field study of the environmental effects from sunken Navy vessels was 
proposed and approved in an agreement signed by the EPA and the Navy in 1996. 2 



While sinking exercises were unilaterally suspended by the Navy after 1990, in accordance with 
the Navy/EPA agreement, which was predicated on preliminary data from this study, a limited 
number of SINKEXs were authorized to proceed pending the final outcome of the sunken vessel 
study. Since the agreement was signed in 1996, the Navy has sunk approximately ten vessels 
each year. Previously, a ship was not considered suitable as a SINKEX hulk unless a ship survey 



                                                 
2 Agreement Between the Department of the Navy and the United States Environmental Protection Agency: USE 
OF VESSELS CONTAINING POLYCHLORINATED BIPHENYLS AS TARGETS AND TEST PLATFORMS 
RESULTING IN THEIR SINKING, Signed 19 August 1996 by ASN(I&E) and EPA Assistant Administrator for 
Enforcement and Compliance Assurance. 
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determined that all onboard PCB concentrations were below 50 ppm in solid samples and less 
than 10 µg/100 cm-2 in wipe samples, used to measure surface contamination. These levels were 
the respective PCB disposal and cleanup thresholds found in the Code of Federal Regulations, 
Title 40, Part 761.62. The 1996 agreement removed the 50 ppm criterion for solid materials 
based on the preliminary findings of this study. 



The study objectives were to determine if potential contaminants of concern: (1) have been 
released from a representative sunken naval vessel, and if so, (2) whether they have adversely 
impacted the adjacent marine environment. Specifically, the intent was to conduct a stressor-
driven, retrospective, site-specific risk assessment that would evaluate PCB contamination of the 
ocean benthos that could possibly be related to one of these ships. Initially, the requirement to 
conduct a human health risk assessment initially seemed unnecessary because there was thought 
to be no possible link between a sunken vessel and human receptors. A focused attempt was 
made to locate a suitable hulk, which had been sunk under the SINKEX program to meet the 
requirements of the field study. For a number of reasons, considerable time and effort was 
expended in the search for such a vessel until discovery of the location of the hulk of the ex-
AGERHOLM in the summer of 1996. 



Figure 2-1. The USS AGERHOLM (DD 826) in 1978. 



The ex-AGERHOLM (Figure 2-1) is a WWII-era destroyer hulk sunk in June 1982 and located 
approximately 120 nautical miles off the southern California coast at a depth of 2,750 feet 
(Figure 2-2). Because only a single sunken ship was located and subsequently studied in this 
effort, information obtained from this hulk is, of necessity, considered representative for any ship 
of that class, age, and degree of preparation, used as an expendable target in pre-1990 fleet 
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training/sinking exercises (SINKEX). This site-specific study is intended to assess the sunken 
vessel’s effects upon the marine environment through standard environmental methods, 
including the following: 



• chemical concentrations in “site” sediment, tissue, and water; 
• laboratory studies performed on “site” sediments and surrogate organisms that measured 



acute and chronic toxicity; and 
• laboratory studies performed on “site” sediments and surrogate organisms that estimated 



bioaccumulation potential. 
 



Figure 2-2. Position of the ex-AGERHOLM. 



For the purposes of this study, the site was considered a deep-water site and evaluated within the 
framework of the “Evaluation of Dredged Material Proposed for Ocean Disposal, Testing 
Manual” (commonly referred to as the “Ocean Testing Manual” or the “Green Book”); jointly 
produced by the EPA and the U.S. Army Corps of Engineers (USACE) (USEPA/USACE, 1991). 
Additionally, the USEPA’s “Framework for Ecological Risk Assessment” (ERA) (USEPA, 
1992) was utilized to provide guidance in structuring the study as a risk assessment. Five 
oceanographic sampling efforts were subsequently conducted between July 1997 and November 
1999 in support of this project. 



2.2. Background 
In April 1989, personnel at Puget Sound Naval Shipyard discovered PCBs-ISM (specifically in 
sound damping felt) while dismantling submarines. The Navy immediately launched a 
comprehensive monitoring program to survey inactive vessels that were slated for disposal via 
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scrapping or foreign military sales. The intent was to provide an understanding of the distribution 
of PCBs in Navy vessels. Years of survey work have indicated that PCBs were widely but 
randomly distributed in ships that had been constructed and/or repaired while PCBs-ISM were 
still in use on active ships (the 1979 PCB ban [Allen, 1990] affected only new construction 
vessels). 



As mentioned previously, the initial effort to address this issue was a paper study submitted to 
NAVSEA 00T in 1994 by SSC-SD. This paper examined potential deep ocean effects of PCBs 
linked to the hypothetical sinking of a decommissioned naval vessel, which had been used as a 
target in a fleet readiness exercise. This preliminary study was based on a substantial literature 
search coupled with a mathematical model that predicted both hydrodynamic dispersal and 
sediment adsorption of PCBs. This model used estimated parameters for solubility, temperature, 
partitioning characteristics and a conservative current regime to predict PCB concentrations in 
water and sediment surrounding the immediate vicinity of the hulk. The report concluded that 
PCBs leaching from PCBs-ISM (i.e., impregnated in gaskets, insulation material and electrical 
cabling that was not removed prior to sinking) could slowly disseminate into the environment. 
The model also indicated that the slow rate of release, which would be partially dependent on the 
low ambient temperature/low solubility characteristics of PCBs in seawater, would result in 
increased water and sediment concentrations in the vicinity of such a hulk, but would remain 
well below one part-per-trillion in open ocean background concentrations. The principal 
transport and fate theory was that sorption by sediment organic material surrounding the hulk 
(assuming limited advection) was the primary fate of the PCBs due to the hydrophobic nature of 
PCBs. An additional conclusion in the study was that, although PCB sediment concentrations 
near the hulk would potentially be above background levels, they would pose no notable threat to 
benthic organisms. An explanation of this model and the conclusions derived from it are 
included in Section 2.3.3.6. 



This preliminary study was considered a first step in a scientific inquiry of this issue by the 
principal regulatory body (EPA - Office of Water) and the decision was made by EPA-OW to 
require the Navy to conduct further study, including field sampling. The major purpose of the 
agreement specifying the study was, “to specify the manner in which the Navy is to proceed with 
certain activities…vital to the national defense while the Navy conducts its sunken vessel 
study…” A specific condition of the agreement was that the Navy proceed with a plan to collect 
empirical data from the site of a sunken Naval vessel. 



The final step prior to initiation of the SINKEX study was to locate a suitable ship. This was a 
much more difficult task than initially anticipated. Very little historical or observational 
information had been collected during routine sinking exercises, and the best electronic 
navigation systems available at the time of sinking for Navy warships and the range support 
vessels were generally Loran C or Omega. Ships were usually sunk during or shortly after major 
fleet training exercises. Hulks used as targets during these exercises were typically damaged by 
submarine, ship or aircraft weapons, and some did not sink until a concerted effort was made to 
remove what had become a hazard to navigation. Since this often occurred after most Navy 
participants left the area, few personnel remained to record vessel conditions during sinking. A 
civilian towing company typically observed, and often assisted in the final sinking of the hulks. 



The effort to find a hulk for study was defined by accepting a list of suitable target hulks that (1) 
would be representative of the type of ship used in SINKEXs, (2) would meet a certain level of 
confidence with respect to a priori knowledge about their geographic locations, and (3) would 
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meet other requirements of the study that related to knowledge of the type of source material 
onboard and the possibility of release and transport into the marine environment. 



In any situation involving the location of an object in the deep ocean, it is imperative that good 
positional data be available (i.e., latitude, longitude, and depth). Unfortunately, that information 
was not adequately collected or archived for SINKEX vessels sunk prior to 1990. Extensive 
research was required to determine the historical details of a number of specific target exercises 
and subsequent sinkings. Based on discussions with the Atlantic and Pacific Fleet commands, 15 
locations were determined for past sinking exercises undertaken between 1986 and 1991. Of the 
15 sunken vessels, 10 were in the Atlantic Ocean off the southeastern United States and one was 
in the Atlantic off the coast of Morocco. The four others were sunk in the Pacific, one south of 
the Aleutians, two off of Hawaii, and one off of Mexico. Additional evaluation was necessary to 
determine the confidence one would have in the recorded positional information prior to 
committing considerable time and resources to a search effort. A final but necessary 
consideration included characterization of the selected site as to its suitability for deep-ocean 
survey and sampling. 



Three primary targets were selected based on the following criteria: time on the bottom, 
confidence in positional data, depth, bottom topography, representativeness of vessel type to 
typical sinking operations, and information on probable PCB content. Two separate cruises were 
undertaken using state-of-the-art side-scan sonar technology to search deep ocean areas in 
sinking locations off the Southern California coast. The searches centered on the best-estimated 
positions of the ex-HIGBEE and the ex-BAUSELL, both WWII-era destroyers selected as 
primary candidate vessels for study. Neither vessel was located during these two cruises. The 
third candidate hulk, the ex-AGERHOLM, which was sunk in 1982, was located in July of 1996 
by the research submarine USS DOLPHIN (AGSS 555). Although the ex-AGERHOLM rested 
on the ocean bottom in shallower water than that in which the other two candidates were sunk, it 
was deemed to be the best sampling opportunity. The crew of the DOLPHIN provided 
photography and videography to positively identify the hulk. 



2.3. Integration of Available Information 
Under the EPA’s Framework for Ecological Risk Assessment (USEPA, 1992), “integration of 
available information” is the first major element of Problem Formulation (Figure 2-3). It consists 
of an a priori discussion of what is known about the site’s stressor and exposure characteristics, 
the environment potentially at risk, and known ecological effects associated with the site and 
sources under investigation. It culminates with the development of a conceptual model and the 
selection of assessment endpoints. An analysis plan is then developed, in which measures of 
exposure and effects, which can be linked back to the assessment endpoints, are determined. The 
sampling and analysis design defines the data necessary to characterize risk. 
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Figure 2-3. Framework for ecological risk assessment (USEPA, 1998). 
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2.3.1. Source Characteristics at SINKEX Site/Identification of Stressors 
Chemical contaminants (PCBs, metals, and PAHs) were the drivers for this ecological risk 
assessment. Therefore, this ERA was considered to be stressor- or source-driven, as opposed to 
effects-driven. The goal is to determine if there are any unknown effects which have occurred, 
are occurring, or will occur due to the stressors/sources of concern. Consequently, the first step 
in Problem Formulation in this ERA was to characterize the stressors/sources of concern. 



2.3.1.1. Chemicals of Potential Concern in SINKEX Hulks 
Conceptually, all the materials that make up the ship eventually are buried, dissolved, 
disintegrated, and/or leach into the surrounding sediment and seawater. Thereafter, any dissolved 
materials (e.g. chemicals) may sorb to particles in the environment or be advected away from the 
site. Some leached materials enter the food chain, while others degrade on the ocean floor, others 
will be advected away from the site by the current. The regulatory driver for this study was the 
Ocean Disposal requirements under the Marine Protection, Research and Sanctuaries Act 
(MPRSA) and PCB-impregnated materials that had been discovered on Navy ships. PCBs are the 
primary contaminant of concern (PCOC) for this study. 



Navy ships are comprised mostly of metal, so several metals were considered secondary 
contaminants of concern (SCOCs). Another SCOC was the class of chemicals referred to as 
polycyclic aromatic hydrocarbons (PAHs). Many of these compounds are known to exhibit 
toxicity and were present in fuel and lube oils used onboard ships. While the Navy attempted to 
empty target ships of these liquids, it is possible that some cleaning events were insufficient to 
remove all PAH compounds, leaving small volumes or residues at the bottom of storage tanks, 
operating machinery, and associated equipment at the bottom of storage tanks. 



2.3.1.2. PCBs as Primary Chemical of Concern 
Polychlorinated biphenyls (PCBs) are a group of synthetic halogenated aromatic hydrocarbons 
that have been unfavorably linked to environmental and public health issues. The industrial 
production of PCBs began in 1929 and continued in the United States until 1977 (Mearns et al., 
1991). They were used as dielectric fluids in transformers and capacitors, as hydraulic fluids, as 
heat transfer and vacuum pump fluids, and in many other applications. In the USA, Germany, 
France, UK, Japan, Spain, and Italy, PCB production has been estimated at 1,054,800 tons 
during 1930-1980 (Yamada et al., 1997). Others have estimated the total global production at 1.2 
million tons, with 31 percent of this quantity still present in the environment (Ali et al., 1997). In 
another report (Tanabe, 1988), the global PCB loading was estimated currently at 370 x 103 tons. 
Of this, almost all (360 x 103) was contained in coastal sediments and the world oceans. The 
seawater fraction was thought to contain over 60% of the global environmental load. The 
estimated active portion (still in use) was 780 x 103 tons (Tanabe, 1988). These estimates 
suggested that PCB pollution was not necessarily nearing an end. 



PCBs are extremely stable compounds and very persistent in aquatic environments. Past 
investigations have suggested that PCBs are a potential hazard to marine life because of their 
great stability, persistence, lipophilicity, and because they are poorly metabolized by biological 
systems (Harrad et. al., 1994). A recent study has shown that PCBs may cause population level 
effects in fish. Specifically, non-migratory estuarine fish (Fundulus heteroclitus) in a superfund 
site (New Bedford Harbor, Massachusetts) developed tolerance to PCBs at sediment 
concentrations beginning at 200-400 ng/g (Nacci et al., 2002). Few references were found that 
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document a field study in which PCBs are associated with an adverse ecological effect in the 
marine environment, noting that bioaccumulation is not necessarily an adverse effect. However, 
with respect to marine mammal populations, the Marine Mammal Commission concluded that 
“there is good reason to be concerned that survival and reproduction in certain marine mammal 
populations may have been affected, and are being affected, by persistent contaminants, 
particularly organochlorines. The potential effects of contaminants may include morbidity and 
mortality from acute toxicity (although mortality has not yet specifically been shown in marine 
mammals), disruption of endocrine cycles and developmental processes causing reproductive 
failures or birth defects, suppression of immune system function, and metabolic disorders 
resulting in cancer or genetic abnormalities” (O’Shea et al.,1999). 
 



The PCB molecular structure shown below is based on two covalently linked phenyl rings that 
are substituted at the periphery. 
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Figure 2-4. Polychlorinated biphenyl molecular structure, where each X is 
either hydrogen (H) or chlorine (Cl) substituted in various combinations at 
the numbered carbon positions on the rings. The 2, 6, 2’, or 6’ carbons are 
at the ortho positions; 3, 5, 3’, or 5’ carbons are at the meta positions; and 4 
and 4’ carbons are at the para positions. There are 209 possible isomers, 
commonly referred to as “congeners”. See text for details. 



The biphenyl rings are substituted with either hydrogen (H) or chlorine- (Cl) groups (denoted by 
X above) in various combinations, with a generic formula of C12HaClb (where a+b=10). It is 
important to note that the prefix “poly” in polychlorinated biphenyl does not follow the standard 
chemical convention indicating a “polymer.” PCBs are not polymers; rather “poly” simply 
represents multiple chloro-substituents on the biphenyl ring. The various combinations of 
hydrogen and chloro-substituents on a biphenyl ring yield 209 unique molecules or positional 
isomers, commonly referred to as congeners, excluding the unchlorinated, or fully H-substituted 
molecule, “biphenyl”. By convention, these 209 congeners have unique BZ numbers (after 
Ballschmiter and Zell, 1980) assigned to them (BZ1-BZ209) and correspond to numbers adopted 
by IUPAC and CAS. There are differences in molecular naming conventions between IUPAC 
and BZ. All 209 PCB congeners can be grouped according to chlorination level. These are 
referred to as homolog groups (Cl-1, Cl-2, Cl-3…Cl-10); each group consisting of a distribution 
of same-chlorination level (and same molecular weight) congeners. Summation of all ten 
homolog groups corresponds to total PCBs (tPCBs) for any given sample. 



Analyses of PCBs are typically reported as individual congeners, tPCBs, Aroclor (or Aroclor 
equivalents) and in some instances, homologs. Commercially prepared PCBs were originally 
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marketed under the trade name Aroclor. These were the most common PCBs used and are 
complex mixtures produced by bulk chlorination. Aroclors are generally described by a 4-digit 
numerical notation, in which the last two digits indicate the weight percent chlorine (e.g., 
Aroclor 1254 is 54% chlorine). 



PCBs are largely hydrophobic compounds, meaning that they are not readily water-soluble. 
However, even with transport limited by low aqueous solubilities because of their environmental 
stability and persistence, PCBs can readily bioaccumulate in the lipid-rich tissues of marine and 
other organisms (i.e., they are lipophilic). 



PCBs are a primary ecological concern because they are ubiquitous in the natural environment 
and their tendancy to bioaccumulate and biomagnify up the food chain and as a result, many 
biological organisms have measurable amounts of PCBs in their tissues. Their chemical and 
physical stability have led to their well-known and well-studied persistence in the environment. 
In the marine environment, PCBs tend to biomagnify in food chains, particularly in birds and 
mammals. The EPA has regulated them based on numerous studies showing their “estimated” 
effects on human health. Background levels for seawater in the open ocean tend to be in the low 
or sub parts-per trillion (pptr) range; while sediments, which tend to accumulate PCBs, can often 
have levels two to three orders of magnitude higher. 



2.3.1.2.1. Documentation of PCBs on Navy Ships 
The Naval Sea Systems Command conducted an extensive shipboard sampling program for 
PCBs in the 1990s. It was driven by the unexpected discovery of PCBs found impregnated in 
solid shipboard materials. The following excerpt from the Navy-EPA PCB agreement explains: 



“…In 1989, the Navy discovered that wool felt used as acoustical damping 
material on submarines and as gasket material on all vessels may contain viscous 
PCBs by weight at concentrations of 50 to 300,000 ppm. The felt material was 
procured from 1948 to the later 1970s under specifications that required a fire 
retardant and was used during both new construction and repair of vessels. The 
Navy promptly notified EPA of its discovery and removed the material from the 
Navy Supply System. Subsequent investigations by the Navy since 1990 have 
determined that solid PCBs are also present in some commercial items, such as 
paint, rubber mounts, rubber and plastic cable insulation, and tape, used on 
vessels…” 



Table 2-1 lists shipboard materials measured to have contained PCBs in at least some 
samples. 
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Table 2-1. Shipboard materials known to have contained PCBs. 



Electrical Cable Insulation Rubber Gaskets 
Felt Gaskets Adhesives 
Foundation mounts Paints 
Caulking Rubber isolation mounts 
Thermal insulation materials: Pipe hangers 



fiberglass Plasticizers 
felt Light ballasts 
foam Tapes 
cork Solid surface contamination 



Adopted from “Agreement Between The Department of the Navy and The United States Environmental Protection 
Agency Washington, D.C.: Use of Naval Vessels Containing Polychlorinated Biphenyls as Targets and Test Platforms 
Resulting in Their Sinking” 



2.3.1.2.2. Documentation of PCBs on the Study Vessel 
The USS AGERHOLM (DD-826) was built for use by the U.S. Navy, by Bath Iron Works in the 
mid-1940s and later refurbished in the 1960s (Figure 2-1). The ship was originally commissioned 
in 1946 as a GEARING-class destroyer. It was decommissioned in 1978 and intentionally sunk 
in 1982.  



At the time the ex-AGERHOLM was sunk, no document existed that detailed its most recent 
material composition. This observation is typical for any ship that has undergone regular 
maintenance, repairs and modifications over the years. The Navy and its contractors design a 
class of ship, but various shipyards that have their own standard procedures, practices, and 
construction materials, build individual ships. Even ships of the same class built at the same 
shipyard may differ slightly in composition. Furthermore, the ships’ crew performed much of the 
repair work and maintenance, resulting in even a greater heterogeneity of “source” materials 
(i.e., added at a later date). 



John J. McMullen and Associates (JJMA) performed source characterization studies to estimate 
quantities of PCB-containing materials on the ex-AGERHOLM prior to sinking (JJMA, 1998). 
JJMA utilized a number of different resources; including ship design specifications, construction 
and maintenance records, and other Naval historical, inventory and administrative databases. 
JJMA also executed a sampling and analysis program to measure PCBs and metals in shipboard 
materials on suitable surrogate vessels. All of the available information was compiled, validated, 
and analyzed to estimate the mass of PCBs and metals on the ex-AGERHOLM at the time of its 
sinking. 



PCB sources associated with sunken Navy vessels are primarily located in equipment/ 
components that contain residual PCBs and PCB-contaminated non-liquid construction materials 
within the vessels such as electrical cables, bulkhead insulation, rubber, felt gaskets, heating and 
ventilation (HVAC) gaskets, sealants and heat resistant paints. PCB residuals and PCB-
contaminated materials are considered as the most likely sources of PCBs that might originate 
from a hulk, if such materials are present. 



In the NAVSEA-directed program to measure PCBs prior to disposal or transfer of ships from 
the U.S. Navy, PCBs were measured in solid materials as total PCBs or as total Aroclors, but not 
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all 209 individual congeners, because such an effort would have been cost-prohibitive. Estimates 
of PCBs thought to have been onboard the ex-AGERHOLM in 1982 range from 12 lbs to 80 lbs. 
The breakdown by shipboard material type is shown in Table 2-2. 
Table 2-2. Initial Load Estimates of PCBs (in lbs) on the ex-AGERHOLM prior to SINKEX 1982. 



Shipboard Materials Low Estimate High Estimate Average Estimate 
HVAC gaskets (felt, rubber & paper composite) 0.1 41.7 20.9 
electrical cable insulation 9.3 20.2 14.7 
paint 2.4 9.7 6.1 
oils/greases 0.02 8.3 4.2 
rubber products 0.1 0.1 0.1 
Foam insulation 0.1 0.1 0.1 
Totals 12 80 52 



Table adopted directly from 1 Dec 98 Draft JJMA Report title “Weight Estimates for PCBs and Selected Metals Sunk 
on ex-AGERHOLM (DD-826) for the Deep Water Sunken Ship Study. Note that authors used same values for all 
three estimates in the case of rubber products and foam insulation. 



2.3.1.3. Secondary Chemicals of Concern 
Metals and PAHs are the secondary chemicals of concern (SCOCs) because of their potential to 
cause toxicity related effects. There are no other chemicals investigated as potential 
contaminants being released from the SINKEX site. 



2.3.1.3.1. Metals 
Individual heavy metals (Ag, As, Cd, Cr, Cu, Hg, Ni, Pb, Zn) are considered ecologically 
important, as they are potentially toxic at various concentrations in the marine environment 
(Rainbow and Furness, 1990; Krenkel, 1975). Certain metals have also been observed to 
bioaccumulate in marine and other organisms. The following seven metals represented a large 
mass fraction of a typical ship: mercury (Hg), zinc (Zn), lead (Pb), chromium (Cr), copper (Cu), 
nickel (Ni), and cadmium (Cd) (JJMA, 1998). Metal sources from a sunken ship would be 
primarily from the low-carbon structural steel (Ni, Cu, Cr), paints (Cu, Zn, Cr, Pb), electrical 
cabling (Cu), ballast (Pb), electrical switching equipment (Hg), piping systems (Cu, Ni), and 
sacrificial anodes (Zn) left onboard sunken hulks. Because there was concern that silver (Ag) 
could also be found, while it was not assessed by JJMA, it was added to the suite of metals for 
testing. Finally, aluminum (Al) and iron (Fe) were added to provide background comparisons to 
aid in the data interpretation (i.e., metals typically found in high concentrations in 
uncontaminated soils and sediments). Arsenic was not expected to be present on Navy ships. 
Consequently, a total of 10 metals were selected for examination, 8 for their shipborne 
contributions and 2 for background levels and normalization/standardization purposes.  



The total mass of heavy metals estimated to have sunk with the ex-AGERHOLM is between 
278.6 and 294.5 tons (Table 2-3). This estimate is probably very conservative (i.e., high), 
because removal of certain equipment from the ship was not recorded and JJMA used worst-case 
assumptions that all equipment remained on board. 
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Table 2-3. Estimates of Heavy Metals (in tons) on ex-AGERHOLM prior to SINKEX. 



Metal Low Estimate High Estimate Average Estimate 
Cadmium (Cd) 0.02 0.02 0.02 
Chromium (Cr) 6.97 7.69 7.33 



Copper (Cu) 202.6 208.4 205.5 
Lead (Pb) 30.1 31.5 30.8 
Nickel (Ni) 21.2 22.7 21.95 
Zinc (Zn) 17.7 24.2 20.95 



Mercury (Hg) 0.02 0.02 0.02 
Totals 278.6 294.5 286.6 



Table adopted directly from 1 Dec 98 Draft JJMA Report title “Weight Estimates for PCBs and Selected Metals Sunk 
on ex-AGERHOLM (DD-826) for the Deep Water Sunken Ship Study. Note that authors used same values for all 
three estimates in the case of rubber products and insulation. 



2.3.1.3.2. PAHs 
PAHs are reported as individual compounds and total PAH (tPAH). PAHs are petroleum-based 
products, some of which are known carcinogens (Amdur et. al., 1991). Fuel and oils are the most 
common sources of PAHs. PAHs do not bioaccumulate in aquatic biota as readily as PCBs and 
some metals, because many species (especially fish) metabolize these compounds (National 
Research Council of Canada, 1983). The primary source of PAHs within a sunken Navy vessel 
would be residual fuels that have not been completely removed. According to OPNAVINST 
6240.31, at the time the ex-AGERHOLM was sunk, residual fuels and oil products had 
previously been removed from the ship. Consequently, there was no attempt by JJMA to estimate 
an initial PAH load for the ex-AGERHOLM. 



2.3.2. Site Description and Ecosystems Potentially at Risk 
The EPA-Navy SINKEX Agreement mentioned above was based on the proposed future sinking 
of ships at depths greater than 6,000 ft. Little was known about the ocean currents, sedimentation 
rates of particulate matter, sediment properties, bottom water and ecological community at the 
ex-AGERHOLM site (at 2,750 ft depth) prior to field collections performed for this ERA. The 
following discussion represents our general understanding of the deep-ocean pelagic and benthic 
environments, as well as ecosystems potentially at risk from contaminants leaching off of a 
sunken hulk. 



2.3.2.1. Deep Ocean Pelagic Environment 
Pelagic biomass trapped in nets typically decreases by two to three orders of magnitude from the 
surface to the near bottom (Rowe et al., 1974; Weikert, 1990), where a sudden increase in 
biomass is typically observed (Wishner, 1980). Angel (1990), summarizing much previous 
biological data, characterizes abyssal benthic communities as rich in novel species with many 
shallow water orders represented, although occurring typically at 1%-2% of surface water 
biomass concentrations. The bottom, acting as a trap for sinking and resuspended particles, is 
organically rich and supports a higher level of metabolic activity than the water immediately 
above. The flux of organic material from the surface to the benthos is generally proportional to 
the overlying primary productivity and inversely proportional to the depth of the water column. 
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2.3.2.2. Deep Ocean Benthic Environment 
Benthic macrofaunal biomass ranges from 0.1 g to 10 g m-2 in most of the regions where open 
ocean SINKEXs might occur and is dominated by filter and deposit feeding organisms (primarily 
ophiuroids – brittle and basket stars). Reworking of the sediment through digging, burrowing, 
fecal production, and tube building by benthic organisms tends to mix the near-surface 
sediments. Tube construction, excavation mounds and ingested fine-grained material may alter 
sediment erosion rates and susceptibility to resuspension (Parsons et al., 1984). Opportunistic, 
mobile scavengers such as amphipods and fish have been photographed feeding on carcasses 
(Dayton and Hessler, 1972; Isaacs and Schwartzlose, 1975), though the quantitative importance 
of these organisms and amount of carbon delivered to the deep-sea bed as large particles has not 
been determined.  



Biomass for deep-ocean benthos is relatively small when compared with typical biomass found 
for shallow coastal regions. Benthic and epibenthic organisms occurring at depths similar to the 
study site (i.e., 2,700 ft.) feed mainly on settled detritus and carrion. Plants are non-existent due 
to the lack of sunlight or photo-energy sources, and food for larger predatory vertebrates (e.g., 
sablefish) is presumed to be less available than in a littoral environment.  



2.3.2.3. Ecosystems Potentially at Risk from Sunken Ship Contaminants 
A sunken hulk has “habitat” characteristics (e.g., large surface area and shelter) that could attract 
organisms living at depth. As time passes after a SINKEX vessel lands on the ocean floor, it may 
be colonized, resulting in increased biomass and biodiversity of resident biota on and near the 
hulk, thereby creating a reef effect. However, the processes that create reefs from hulks in the 
deep oceans may be quite different from those observed in shallow waters. Under this scenario, 
the sunken vessel may undergo a natural evolution. Initially, the vessel would be barren and 
provide refuge and cover for nektonic (swimming) organisms such as small fish. Over time 
(years to decades), filter and detritus feeders, such as echinoderms (brittle stars, basket stars and 
sea cucumbers), as well as benthic burrowing worms and crabs would migrate to the hulk. As 
biomass around the hulk increased, predatory organisms, including cephalopods and fishes, 
would begin to feed on smaller organisms, thus developing a food chain. Colonizing organisms 
may be exposed to contaminants emanating from the hulk via the water column, sediment, or 
food chain exposures. 



While other communities may be present, the benthic infaunal community was selected as the 
most important ecological community at risk from contaminants related to the hulk. Infaunal 
communities are important indicators of environmental quality because the small organisms 
comprising these communities live on and in direct contact with the sediments, many of these 
organisms feed on sediment particulates, and they are an important prey for larger organisms. 
Changes in the infaunal community may reflect impacts from physical disruption of the habitat, 
alteration of trophic and biological relationships, and/or chemical contaminants. As mentioned 
previously, at least two types of impacts from the hulk have the potential to affect infaunal 
communities: reef effects (the physical presence of large hard surface structure) and contaminant 
effects (the release of chemical contaminants). Reef effects result from the physical structure of 
the sunken vessel functioning as a large artificial reef located on a sloped bottom generally 
devoid of exposed hard-bottom habitat. Both natural and artificial reef structures significantly 
affect adjacent soft-bottom communities by altering bottom boundary currents (affects food 
supply and changes in grain size) and providing habitat for predators that forage on the infauna 
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near the reef. Consequently, reef effects are evident as differing gradients in the physical 
environment (e.g., grain size and TOC), but also as a natural response in the alteration of the 
demersal, epibenthic, infaunal, and other deep ocean communities, regardless of whether the reef 
is natural or artificial. Contaminant effects can either enhance or degrade infaunal communities 
dependent upon the type and concentration of contaminant. The challenge is to distinguish reef 
effects from possible contaminant effects (Fabi et.al., 1999). 



“Healthy” communities are typically characterized by high diversity (i.e., many species), 
moderate abundance (i.e., not dominated by a few opportunistic and/or tolerant species), and an 
ability to adjust to a range of typical, natural environmental conditions. High abundances of a 
few tolerant species may indicate environmental stress, such as exposure to high levels of 
organic matter or toxic chemicals. If an impact is significant, community composition would 
most likely be altered, possibly leading to changes in community function. If impacts are severe, 
the community may be completely lost (e.g., Pearson and Rosenberg 1978). 



Changes in infaunal community composition normally occur along natural environmental 
gradients (e.g., water depth, grain size, food sources) and gradients caused by human 
development (e.g., chemical contaminant concentrations, physical disruption of habitat, 
nutrients). The primary measures used to evaluate infaunal communities are the number of 
species (taxa) per sample (i.e., species richness), abundance, and derived indices of diversity 
(e.g., Shannon-Wiener Diversity, Margalef’s Species Richness, Evenness, and Dominance). 



There is little consensus among biologists regarding the suitability of which community 
measures and/or derived measures are most useful for describing community properties or for 
documenting pollutant impacts (Tetra Tech 1985). This controversy continues at the present time 
with new approaches and indices being developed as measures of community response (Gray 
1981; Gray et al. 1990; Warwick 1993; Warwick and Clarke 1994; Bergen et al. 1998). 
However, despite the controversy of specific methods, measures such as species diversity and 
richness have proven very useful for assessing community structure in time and space. 
Generally, a greater number of species represents a healthier and more stable environment, and 
models of community stress suggest decreasing species richness as one of the first indications of 
an impacted community. Other indications of altered or stressed communities include decreases 
in diversity indices, high abundance of tolerant species, and changes in species composition 
reflecting changes in community function. 



2.3.3. Exposure Characteristics 
The next steps in this Problem Formulation phase of the ERA is to discuss what was known 
about Exposure and Effects related to the site of concern and its contaminant sources after the 
sinking of the SINKEX vessel, in order to provide a point of departure for developing the 
SINKEX study design. Consequently, this section on Exposure Characteristics addresses 
physical behavior of PCBs in the marine environment and fate and effects phenomena such as 
degradation. Following the physical fate and effects summaries, the results of a modeling 
approach to PCB release from sunken Navy vessels in the deep sea is presented and discussed. 



2.3.3.1. Solubility and Persistence 
Physical chemistry data on PCBs vary considerably. For the sake of brevity and consistency in 
this report, we will denote solubilities of PCBs in mass per unit volume (e.g., µg L-1) on a weight 
basis (e.g., µg/kg as ppb), realizing that this is an approximation that ignores minor deviations in 
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water density from 1.0 g/mL. With some exceptions (tetra and deca-chlorobiphenyls), PCB 
aqueous solubilities generally decrease with increasing level of chlorination (higher molecular 
weight congeners). For example, distilled water solubility varies from 5.9 ppm for mono-
chlorinated biphenyl congeners, 0.3 ppm for di-chlorobiphenyls, to 6 ppb for hepta-
chlorobiphenyls, whereas deca-chlorobiphenyl is 15 ppb (Alford-Stevens, 1986). Solubility of 
different PCB positional isomers within a homolog group (same number of chlorines, different 
ring positions) can vary considerably (Dexter & Pavlou, 1978) and solubility in artificial 
seawater was found to be about five times lower than the corresponding values in distilled water. 
In addition, solubility was found to increase exponentially with temperature in the range 4 ºC to 
80 ºC for each of six PCBs with one representative congener in each homolog group (one, four, 
five, six, eight, nine and ten chlorines) investigated, as well as for biphenyl. These values can be 
used to determine solubilities within 10% error for all congeners represented, except for 
decachlorobiphenyl (16% error) (Dickhut, et al., 1986). Available literature data on solubilities 
of Aroclors in distilled water are plotted in Figure 2-5. Curve fitting of the data leads to predicted 
solubilities of approximately 34 ppb, 16 ppb and 6 ppb, respectively, for Aroclors 1254, 1260 
and 1268. Figure 2-6 shows the variation of solubility with temperature of selected congeners 
containing 4, 5, 6, 8, 9, and 10 chlorines attached to the biphenyl ring (Dickhut et al., 1986; Shiu 
et al., 1997). Extrapolation of these data can be used to estimate solubilities at deep-sea 
temperatures of 4 ºC. Depending on the isomer, the estimated solubilities for Aroclor 1260 in 
seawater at that temperature range between 0.2 ppb and 1.2 ppb. 



 



Figure 2-5. Solubility of Aroclors in distilled water. 
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Figure 2-6. PCB Congener solubility in distilled water from two separate temperature dependence studies. 
PCB congeners 3, 15, 29,61,and 155 were plotted using data from Shiu, et al., 1997, and PCB congeners 77, 
101, 136, 202, 206, and 209 were plotted using data from Dickhut, et al., 1986. 



2.3.3.2. Partitioning and Sorption 
The degree and rate at which solvated PCBs undergo sorption processes in seawater is critical in 
assessing the environmental risk they pose. Adsorption and desorption rates depend on the PCB 
mixture and substrata to a great extent. PCBs have octanol/water partition coefficients in the 
range of 105 to 107; the partition coefficient is an indicator of a compound's tendency to adsorb 
onto sediments, bioaccumulate in organisms (typically in fat or the liver), and biomagnify when 
moving through the food chain (Chiou et al., 1977). Adsorption and desorption of Aroclor 1254 
on polymeric materials commonly used in laboratories have been studied. Adsorption of PCBs 
was found to increase with the lipophilicity of the polymer and to be irreversible on soft 
polymers (Cseh et al., 1989). PCBs tend to quickly bind to sediment, once released into an 
aqueous environment. In a study using clays and natural lake sediments Di Toro and Horzempa 
(1982) found hexachlorobiphenyl reaching equilibrium adsorption onto kaolinite and 
montmorillonite within 3 hours. Sediment/water partition coefficients were found to be 103 and 
nearly 104 respectively. Results indicated that sediment-adsorbed PCB fractions may be 
comprised of both reversibly and permanently bound components, though the bulk remained 
bound to the sediment. In a separate study examining rates at which equilibrium conditions were 
reached; clays, sand, silica gel and soil were tested for adsorption of PCBs from distilled water. 
Equilibrium was reached in 24 hours between saturated PCB solution and added adsorbent when 
the mixtures were shaken. (Haque et al., 1974). 



The organic carbon normalized partition coefficient (KOC) values for PCB isomers with an equal 
number of chlorine atoms are strongly dependent on the number of chlorine atoms in the ortho 
position (2, 2’, 6, or 6’ in Fig 2-4). Additionally, the importance of the organic carbon fraction in 
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the sediment as a factor that controls sorption of hydrophobic contaminants by surface sediments 
has been confirmed. Grain size has also been identified as a major source of remaining variation, 
by as much as a factor of 10 (i.e., the smaller the grain size, the more sorption occurs). The 
desorption rate constants for marine sediments are larger than those for soils and freshwater 
sediments (Booij et al., 1997). However, it has recently been reported that the traditional organic 
carbon normalized solid-water distribution model severely underestimates observed KOC values 
for a wide range of compound classes including PCBs (Bucheli and Gustafsson, 2001). Failure to 
account for the presence of soot-like subfractions of the bulk particulate organic matter was 
suggested as a causative factor. The difference between observed and predicted KOC values was 
generally relatively small in surface water but much greater in sediment. Inclusion of the soot 
factor in the solid-water partitioning model led to better agreement with field observed 
distributions. A consequence of the overestimated dissolved exposures (the ratio of observed and 
predicted Koc valuesthat is inversely correlated with the observed and predicted dissolved 
concentrations) from the traditional model, results in a lower mobility of compounds such as 
PCBs than currently expected. 



In addition to sediment partitioning, the behavior of PCBs in pore water has also been 
investigated. The effect of aeration on the partitioning of 2,2′,4,4′ tetrachlorobiphenyl to anoxic 
pore water dissolved organic material (DOM) was recently reported from three estuarine sites 
(Pedersen et al., 1999). Pore water DOM is derived from the decomposition of aquatic and 
terrestrial organisms and from the byproducts of microbial metabolism. As a result, DOM is 
largely composed of a heterogeneous mixture of organic molecules including humic acids, fulvic 
acids, hydrophobic acids, carbohydrates, amino acids, carboxylic acids, and hydrocarbons. In 
general, the association of hydrophobic organic compounds (HOCs) with DOM results in higher 
pore water concentrations, and reduced bioavailability of HOCs. Only freely dissolved HOCs 
appear to be taken up by benthic organisms through ventilation of sediment interstitial water and 
contaminated overlying water. The results supported the findings of others that the ability of 
humic substances to bind HOCs such as 2,2′,4,4′ tetrachlorobiphenyl increases with DOM 
hydrocarbon content. However, upon exposure of anoxic sediment pore water to dissolved 
oxygen, DOM bound HOC’s are released into the aqueous phase and their mobility is increased. 
Aeration of anoxic sediments may also result in increased HOC bioavailability to water column 
organisms and benthic invertebrates via the diffusion rout of exposure (Pedersen et al., 1999). To 
a limited extent, aeration of sediment pore water may occur in a deepwater site such as that of 
the ex-AGERHOLM via sediment scouring due to currents and bioturbation from infaunal 
activity. Hence some increase in availability of sediment bound PCBs may occur due to aeration. 



2.3.3.3. Biodegradation and Transformation 
In general it may be assumed that the photo degradation rate of PCBs in water is about a tenth of 
the photo-degradation rate in the atmosphere (Sinkkonen and Paasivirta, 2000). Most UV light is 
absorbed in the top two meters of natural fresh and coastal marine waters. The photo-degradation 
rates of organic compounds in solution usually show only a weak temperature dependency. A 10 
ºC increase in temperature accelerates the reaction only by a factor between 1.15 and 1.5. 
Regarding biodegradation in general, an increase in temperature by 10 ºC may result in a 
concomitant increase in the degradation rate by a factor of 2.2, and decreased degradation may 
result with a decrease in temperature. Others have suggested a factor of 2.5-3 for each 10 ºC rise 
in temperature (Sinkkonen and Paasivirta, 2000). Estimates of biodegradation half-life times for 
PCBs in sediments and soils vary from several years to decades. Anaerobic dechlorination has 











 2-18



been observed in a large number of sediments. In Hudson River sediments, penta and tetra 
chlorinated PCBs have shown half-lives averaging about ten years. A half-life of nine years has 
been estimated for PCB 105, 126, 156, and 169 in anaerobic sediment (Sinkkonen and Paasivirta, 
2000).  



Biodegradation of PCBs has been shown to be inversely proportional to their chlorine content, 
and degree of chlorination at the ortho positions. In addition, PCBs that are chlorinated 
preferentially on one of the phenyl rings are degraded more quickly, and it is the less chlorinated 
ring that is attacked first (Furukawa et al., 1978). Mono-, di- and trichlorinated species can be 
significantly biodegraded or biotransformed, as well as volatilized. Studies on aerobic microbial 
metabolism of PCBs have shown that PCBs containing fewer than 5 chlorines per molecule are 
extensively degraded, while heavier molecules tend to persist in the environment (Rochlind et 
al., 1986). Since biodegradability of PCBs is a function of the number of C-H bonds available for 
hydroxylation, fewer chlorine atoms allow for more adjacent unchlorinated carbons, and result in 
higher rates of bio-oxidative activity by microorganisms (Tabak et al., 1981). A recent study 
(Williams and May, 1997) has shown that microbial aerobic degradation of Hudson River 
sediments spiked with Aroclor 1242 can occur at temperatures as low as 4 ºC within six weeks. 
Extensive degradation of most of the dichlorobiphenyls, particularly 2,2′-dichlorobiphenyl and 
2,4-dichlorobiphenyl, occurred within five months. Degradation at such low temperatures, 
although in river sediments, suggests that microbial aerobic processes may also be possible at 
least at the sediment surface at the ex-AGERHOLM site. 



PCBs with five or more chlorine atoms per molecule tend to adsorb to suspended materials and 
accumulate in the organic components of sediments due to low aqueous solubility, increased 
hydrophobic characteristics leading to high octanol/water partition coefficients, and resistance to 
biodegradation. Evidence is accumulating rapidly; however, that bacterial dechlorination of the 
more chlorinated congeners does occur in anaerobic, reducing sediments. Dechlorination of 
heavily contaminated, anaerobic sediments in the upper Hudson River, NY (primarily 
contaminated with Aroclor 1242); Silver Lake, MA (Aroclor 1260); Waukegan Harbor, IL 
(Aroclor 1248); and Sheboygan Harbor, WI was detected when sediment samples showed a 
congener composition quite different from that found in the original contaminants (Brown et al., 
1987). At first thought to be the result of differential transport and partitioning, the role of 
microorganisms in anaerobic dechlorination was confirmed by seeding anaerobic sediments, 
freshly spiked with Aroclor 1242, with Hudson River sediment microbes and observing rapid 
dechlorination while keeping the sediments anaerobic (Quensen et al., 1988). Dechlorination was 
most extensive in sediments with the highest spiked PCB concentrations (700 ppm), but did not 
occur at all in sterilized sediments. It was reported that 53% of the total chlorine was removed in 
16 weeks and the proportion of mono- to dichlorobiphenyls increased from 9% to 88%. Chlorine 
groups were not removed from the ortho positions on the molecules. The 2-chlorobiphenyl 
concentration increased from 0% to 63% in the sediments spiked with the highest concentration 
of Aroclor 1242 (Quensen et al., 1988). Dechlorination of deeper sediments (15-17.5 cm) in New 
Bedford Harbor, MA, heavily contaminated (≤6-7% dry weight) with Aroclors 1242 and 1254 
has also been observed (Lake et al., 1992). Half-lives for different congeners have been found to 
be on the order of 10 to 20 years, though the rate and extent of degradation was considered to be 
highly site specific, dependent upon factors such as initial PCB concentrations, depth, 
temperature, other contaminant species, and nutrients present. Microbial metabolism of PCBs is 
thought to be due to the microbial community’s evolved ability to “detoxify” aromatic 
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compounds. Partial dechlorination by anaerobes sets the stage for further biodegradation by 
aerobic bacteria if oxygen levels subsequently increase (Hooper et al., 1990). 



Anaerobic slurries of estuarine sediments from Baltimore Harbor spiked with 800 ppm Aroclor 
1260 induced extensive meta-dechlorination and moderate ortho-dechlorination in all incubated 
cultures, except in the case of sterilized controls after six months (Wu et al., 1998). Both meta- 
and ortho-dechlorination were stimulated by the addition of single PCB congeners (2,3,4,5-
tetrachlorobiphenyl and 2,3,5,6-tetrachlorobiphenyl to the Aroclor spiked sediment. After 181 
days, 45-65 percent of the meta chlorines and 9 to 18 percent of the ortho chlorines had been 
removed depending upon congener supplementation. Maximal chlorine removal appears to 
require the complementary action of two or more dechlorination processes. Anaerobic PCB 
dechlorination has the potential to reduce the toxicity of PCBs and convert highly persistent 
congeners, frequently the more extensively chlorinated congeners, into forms that are more 
amenable to aerobic degradation. It was observed in general that PCB dechlorination is more 
stable (more extensive and with shorter lag times) when sediments are stored anaerobically at 
room temperature (20-22 ºC), rather then at 4 ºC (Wu et al., 1998). 



Recent studies conducted with sediment slurries from estuarine river systems (Tansui and the 
Erjen River, China) have appeared in the literature describing anaerobic PCB degradation under 
such conditions (Cham-en-Kuo et al., 1999). Tetra chlorobiphenyl, and four coplanar congeners 
were added to anoxic sediment slurries at a concentration of 10 milligrams per liter. During a 
two year incubation in sulfate-containing marine sediments, biphenyl (unchlorinated) was 
present, while all other chlorinated congeners, except for 3,3′,4,4′,5,5′-hexachlorobiphenyl were 
dechlorinated in sediment slurries collected from both rivers. Microbial communities in sediment 
from the Erjin River also promoted meta-dechlorination activity, but only after removal of all 
chlorines in para positions. The rates of PCB dechlorination in anaerobic environments were 
slow, with major changes usually occurring only over a period of months or years. Most PCB 
dechlorination studies have been conducted in freshwater sediments; therefore understanding the 
PCB biotransformation potential in marine and estuarine sediments under anaerobic conditions is 
only based on a limited number of reports (Cham-en-Kuo et al., 1999). Recently, it has been 
reported that reductive dechlorination in estuarine sediments (Sado Estuary, Portugal) has 
resulted in increased proportions of lower-chlorinated PCB congeners to the higher chlorinated 
congeners at increased depths (Gil and Vale, 2001) . A half-life of approximately 10 years was 
estimated in the study, which is similar to half-lives estimated in other studies cited in this 
section. 



Regarding the biodegradability of the three most toxic coplanar congeners, #77 (3,3′, 4,4′-
tetrachlorobiphenyl) is the most biodegradable, #126 (3,3′, 4,4′, 5-pentachlorobiphenyl) is 
persistent but moderately biodegradable, while #169 (3,3′, 4,4′, 5,5′-hexachlorobiphenyl) is 
nearly metabolically stable (Tanabe, 1988). However, these three coplanar congeners have rarely 
been reported in environmental samples (McFarland and Clarke, 1989). 
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2.3.3.4. Diffusion and Current Transport in the Deep Ocean 
The physical environment of the bathyal and abyssal sea bed greater than 3,000 m in depth3 has 
been recently illuminated by the high energy benthic boundary layer experiment (HEBBLE) in 
the north Atlantic (Nowell and Hollister, 1985). HEBBLE data and other studies indicate that a 
turbulent, relatively homogeneous nepheloid layer, 10 m-100 m thick exists over much of the 
abyssal plains (Richards, 1990). This layer is isolated from the overlying water column to some 
extent by temperature-induced density gradients. Particle residence times within the layer are 
estimated at hundreds of days. Currents, typically 1-5cm sec-1, arise from semidiurnal, inertial 
and lower frequency (50-100 day) oscillations caused by tides and meso-scale (100s km) eddies 
that extend throughout the water column. Water speeds from 20-40cm sec-1 have been measured 
over several days, resulting in local erosion or deposition of sediment eroded from distant sites 
(Gross and Nowell, 1990). Low frequency (>2 days) eddy currents with much higher velocities, 
approaching several knots (50-150 cm sec-1) have been observed at 3,000-4,000 m depth in the 
vicinity of the Gulf Stream, and at lower velocities throughout the North Atlantic basin (Schmitz, 
1984). Low frequency, eddy currents often exceeding 10 cm sec-1 have been observed in a 
topographically featureless area of the North Pacific at 6,200 m (Imawaki and Takano, 1982). 
These currents, if they extend to the bottom, are strong enough to erode unconsolidated sediment 
particles in excess of 0.5 mm diameter (Komar, 1976; Bruun, 1966). However, these conditions 
are not necessarily predictive of currents in the vicinity of the ex-AGERHOLM, which lies in 
much shallower water and on the slope of a basin. 



2.3.3.5. The Sinking and Subsequent Release of PCBs from the Barge IRVING 
WHALE. 



PCB sources, physical characteristics, and fate and effects processes have been discussed in the 
previous sections, and are related to the ex-AGERHOLM where possible. We have not found a 
comparable deep-water site where a vessel with known PCB source data has sunk. A shallow-
water site does exist and will be discussed in the following text. This site is located in 67 m of 
water (220 ft) in the Gulf of Saint Lawrence. This is where the barge IRVING WHALE (82.3 m 
long, 17.7 m wide) sunk at this site in 1970. It was estimated that the barge contained 
approximately 6,800 liters (1,500 gallons) of Aroclor 1242 in a heat-transfer system. Analysis of 
sediments immediately beside the barge exhibited concentrations as high as 890 ppm as Aroclor 
1242. No PCBs have been found in sediments beyond 2.5 kilometers from the site. On August 8, 
1996 the barge was lifted and removed from this site. As of 1999, it is estimated that 150 kg of 
PCBs remain in the sediments at the sinking site, and that 5,700 kg were lost from the barge and 
dispersed over time. The 150 kg that remains in situ is estimated to be less than 1% of the total 
PCB sediment load currently in the Gulf of Saint Lawrence. A risk assessment performed for this 
site suggests that there is no risk to snowcrab populations, human health, or the Gulf ecosystem. 
Monitoring of snow crab tissue indicated that in all but one sample, PCBs were below detection 
limits (0.01 μg/g wet wt.). Two digestive gland samples contained PCBs at levels (2 and 2.7 
ppm) equal to or greater than the health consumption guideline of 2 ppm; Fisheries and Oceans 
Canada and Environment Canada, 1997; Environment Canada, 1997; Gilbert and Walsh, 1996). 



The nature of the PCB source (liquid Aroclor 1242) and the environment where the barge sunk 
are considerably different from the ex-AGERHOLM site in several ways. Aroclor 1242 is less 
                                                 
3 While the SINKEX study ended up with a hulk that is lying in less than 1,000 m depth, SINKEXs in general are 
intended to be conducted in depths greater than 2,000m and many have been done in depths greater than 3,000m. 
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chlorinated than Aroclors expected to be on the ex-AGERHOLM such as 1254,1260, and 1268. 
Aroclor 1242 was released as a liquid from the barges’ heating exchange system in a relatively 
fast time frame, as opposed to the ex-AGERHOLM’s theoretical slow release from PCBs-ISM. 
The sediments at the IRVING WHALE site are very sandy and coarse (87% sand, 11% gravel, 
and 2% clay), while sediments at the ex-AGERHOLM site are mostly fine silt and clay. The 
water current at the IRVING WHALE site is approximately 25 cm per second, while 99.6% of 
the bottom currents measured at the ex-AGERHOLM site (discussed in Section 3.2.1.1) are less 
than 15 cm per second. From a source and physical environment perspective, the IRVING 
WHALE site is quite different than the ex-AGERHOLM site4. 



2.3.3.6. Fate and Transport/SSC SD Modeling Assessment 
Prior to the current SINKEX study, estimates of the amount of PCBs delivered to the deep 
seabed by a SINKEX hulk and the probable environmental processes these compounds undergo 
were used in a simple finite-difference, one-dimensional model to predict PCB transport and 
adsorption onto the sediment. Results of the model were used to evaluate the water and sediment 
PCB concentrations to which benthic organisms might be exposed. These data, coupled with 
PCB uptake and toxicity measurements made on marine organisms living at shallower depths, 
provided the groundwork for further analysis of the environmental risk posed by PCBs to the 
benthos. The model was updated with new information in 2005 and used to predict water and 
sediment PCB concentrations around a ship. A new total mass of 86 lbs (39.1 kg) was used for 
PCBs in PCB-containing materials aboard ship by including an estimate for PCBs associated 
with bulkhead insulation. Water and sediment PCB concentrations were predicted, assuming 
either a 0.1 cm sec-1 current (1% of current outside of vessel). In both cases, PCBs were assumed 
on average to spread equally in all directions.  



2.3.3.6.1. Release into Aquatic Environment 
Load assumptions: The model was developed to predict water and sediment PCB 
concentrations around a typical sunken ship. Vessel release for ex-AGERHOLM was calculated 
from shipboard solid material specific leach rates5 (George et. al., 2006, in preparation), which 
were applied to source estimates of quantities and concentrations of each material summarized 
earlier in Section 2.3.1.2.2 (JJMA, 1998). Shipboard solid material specific leaching was 
evaluated in the leach rate study under temperatures and pressures expected for deep ocean 
conditions, and the materials tested were complimentary to this SINKEX ERA: HVAC felt 
gaskets, electrical cable insulation, paint, rubber products, bulkhead insulation, and foam rubber 
insulation. Oils and greases were not evaluated in the leach rate study, but were approximated for 
modeling purposes, using Aroclor 1254 control dissolution rates reported in the leach rate study. 
The source term loading estimate for ex-AGERHOLM performed by John J. McMullen and 
Associates (JJMA, 1998) provided quantities and concentrations for all of the PCB-containing 
shipboard materials above, with the exception of bulkhead insulation, for which information was 



                                                 
4 Interesting information on the IRVING WHALE is available on the internet at 
http://collections.ic.gc.ca/island/whale.htm, http://www.ns.ec.gc.ca/whale2/pcb.html, and 
http://www.ns.ec.gc.ca/whale2/index.html 
5 Due to the complexity of the various PCB-related studies, the leach rate data is referenced here and used in the 
2005 update to the 1994 modeling, but they are appropriately described in detail later (Section 3.2.1.3), since they 
are integral to a larger data set based on the post-1994 sampling and analytical efforts described as the SINKEX 
Project. 
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unavailable. The JJMA results were used directly as reported for HVAC felt gaskets, electrical 
cable insulation, paint, rubber products, and foam rubber insulation. Bulkhead insulation was 
estimated separately using well-known quantities of bulkhead insulation onboard another vessel, 
the ex-ORISKANY, with a total of 104,126 lbs. This amount of bulkhead insulation was scaled 
to approximate the amount onboard ex-AGERHOLM by the ratio of their displacements 
(3,500:27,100). This resulted in an estimated 13,448 lbs of bulkhead insulation, which was 
assumed to have the same concentration as ex-ORISKANY (537 ppm at 95% UCL), thus 
contributing 7.2 lbs of PCBs to the 86 lb total PCB load indicated above. The estimated source 
loadings by material are shown in Table 2-4. These quantities and the corresponding shipboard 
solid specific leach rates were used to calculate the total vessel release rates from all materials, 
tabulated by homolog as a function of time in the mass loading input file used by the model 
(Table 2-5). 
Table 2-4. Revised Initial Load Estimates used in the 2005 modeling effort for PCBs (in lbs) on ex-
AGERHOLM prior to 1982. 



Shipboard Materials High Estimate 
HVAC gaskets (felt only) 40.0 
electrical cable insulation 20.2 
paint 9.7 
oils/greases* 8.3 
rubber products 0.1 
foam insulation 0.1 
bulkhead insulation 7.2 
Totals 86 



Table for the revised modeling effort in 2005, for only those materials tested in the leach rate study, uses data from 1 
Dec 98 Draft JJMA Report title “Weight Estimates for PCBs and Selected Metals Sunk on ex-AGERHOLM (DD-826) 
for the Deep Water Sunken Ship Study”. Bulkhead insulation, not estimated in the JJMA report, was instead 
estimated as described in 2.3.3.6.1. Oils/grease release rates were not determined in the leach rate study, but were 
approximated using Aroclor 1254 control dissolution rates. 
 
Leaching, transport and partitioning assumptions: Considering that most ships are sunk in 
depths over 3,000 m and the average depth from the 12 known events was about 3,900 m, a 
bathyal/abyssal ocean environment with a benthic boundary layer was assumed. The ex-
AGERHOLM was modeled as an elliptical volume 119 m by 11 m and 6.8 m high. The 
dimensions were chosen to match the estimated volume of the real ship. The benthic boundary 
layer was modeled to be 6.8 m thick. Transport model predictions, first made from a 1992 model, 
were replaced with predictions based on measured 10 cm sec-1 current speeds, PCB release data 
from ship materials in the laboratory, and a partitioning model similar to one employed to predict 
PCB dispersal from ships sunk as artificial reefs in shallow water (SSC-SD et al., 2006). 



The model predicts the transport and abiotic fate of specific PCB homologs, due to their distinct 
chemical characteristic. PCB homologs are first released into water internal to the ship, based on 
Navy leach rate studies (George et al., 2006). PCBs then slowly leak outside of the ship, and are 
advected away in a current. The ship is assumed to have no internal structure or adsorptive 
sediment. Outside of the ship, PCBs approach new equilibrium concentrations in water, 
sediment, total suspended solids (TSS), and dissolved organic carbon (DOC) to a distance of 1.2 
km in all directions from the ship.  











 2-23



PCBs are released from solid materials within the internal ship volume at 1-minute intervals and 
mix instantaneously into the interior water. PCB mass is assumed to be released out of the ship at 
the same rate as the release inside, ranging from 1 to 100 mg total PCB day-1. Table 2-5 lists 
PCB homolog release rates as measured from typical shipboard materials and weighted by the 
ex-AGERHOLM’s expected mass load. Shipboard solid-specific leach rates were measured over 
405 days (George et al., 2006), effectively limiting the model results to the empirical leach rate 
timeframe. 



Table 2-5. PCB homolog release rates for ex-AGERHOLM over an initial 405 days following sinking. Release 
is based on empirically determined leach rates for each shipboard solid at deep ocean temperature (4oC) 
(George, et al., 2006), and estimated PCB concentrations and quantities of shipboard solids onboard ex-
AGERHOLM (JJMA Report, 1998). 



 Sum of All Material Contributions Averaged over each Interval     
 ex-AGERHOLM Max est conc Total Vessel Release Rate (g PCB/day)     



interval Cl1-all Cl2-all Cl3-all Cl4-all Cl5-all Cl6-all Cl7-all Cl8-all Cl9-all Cl10-all tPCBs-all
0.003 0.0E+00 3.0E+00 1.7E+01 3.1E+01 7.7E+01 9.7E+01 1.6E+02 0.0E+00 0.0E+00 0.0E+00 3.9E+02 



1 0.0E+00 0.0E+00 1.4E-04 2.9E-04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.4E-04 
6 6.5E-04 1.9E-03 7.4E-04 1.5E-02 1.8E-04 0.0E+00 1.2E-02 0.0E+00 0.0E+00 0.0E+00 3.0E-02 



14 4.3E-04 1.5E-03 1.6E-03 2.9E-02 2.5E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.8E-02 
21 5.1E-04 1.5E-03 2.2E-03 5.5E-02 5.0E-02 2.2E-04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.1E-01 
28 3.7E-04 1.1E-03 2.8E-03 7.2E-02 8.0E-02 6.6E-04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.6E-01 
35 2.1E-04 7.7E-04 4.3E-03 6.1E-02 8.3E-02 1.1E-02 5.8E-06 0.0E+00 0.0E+00 0.0E+00 1.6E-01 
42 2.4E-04 8.1E-04 1.3E-03 5.2E-02 7.2E-02 1.4E-02 7.7E-06 0.0E+00 0.0E+00 0.0E+00 1.4E-01 
42 2.1E-04 6.7E-04 1.3E-03 4.9E-02 7.0E-02 2.1E-02 2.5E-05 3.9E-06 1.2E-05 0.0E+00 1.4E-01 
49 2.0E-04 6.3E-04 2.0E-03 5.2E-02 8.2E-02 2.2E-02 4.2E-06 0.0E+00 0.0E+00 0.0E+00 1.6E-01 
42 2.3E-04 7.8E-04 2.9E-03 5.1E-02 8.7E-02 1.7E-02 1.9E-05 2.1E-05 1.4E-06 0.0E+00 1.6E-01 
42 1.1E-03 6.7E-04 5.6E-03 5.7E-02 1.0E-01 2.9E-02 3.8E-05 3.0E-05 0.0E+00 0.0E+00 2.0E-01 
83 1.7E-04 5.1E-04 1.9E-03 3.5E-02 4.9E-02 4.0E-04 2.6E-05 2.7E-05 0.0E+00 0.0E+00 8.7E-02 



 
Outside of the ship, PCB concentrations are calculated in concentric bins (elliptical annuli) 6 m 
wide, expanding away from the ship and extending from the bottom to 6.8 m above the bottom. 
Partitioning from water to other media is assumed to follow first–order kinetics. As shown in 
Figure 2-7, 99% of equilibrium concentrations are assumed reached within 24 hours (Di Toro 
and Horzempa, 1982). As a conservative approach, no PCB degradation is assumed to occur. The 
model time step of 1 minute allows 0.32% equilibrium concentrations to be reached between 
water DOC and TSS and sediment. A width of 6 m was chosen to match the distance a 10 cm 
sec-1 current travels in the 1-minute model time step. The model extends outwards 200 bins or 
1,200 m from the ship. The model assumes advective “plug flow,” through which the entire 
volume of a bin (water, TSS, and is moved to the next bin with each time step). Sediment is not 
transported between bins, and thus acts as a sink for PCBs in each bin.  
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Figure 2-7. Equilibrium curve for PCBs released from the ex-AGERHOLM and 1-minute model time step. 



Several assumptions are made about the matrices in which PCB homolog concentrations are 
calculated. Water is assumed to have a density of 1 g ml-1. Sediment is assumed to contain 1% 
total organic carbon (TOC), denoted in the model as fraction of organic carbon, foc; in the case of 
sediment, this is equal to 0.01. Sediment and adsorbed PCBs are assumed mixed (bioturbated) to 
a depth of 10 cm. Sediment is assumed to have a density of 1.5 g ml-1. DOC is assumed to occur 
at 0.6 mg liter-1 in the water column and be composed of 100% TOC. TSS is assumed to occur 
at 10 mg liter-1 and be composed of 15% TOC.  



Equilibrium homolog concentrations are defined as homolog water concentration times the bulk 
partition coefficient of the matrix. (Fetter, 1999; Maidment, 1993). The bulk partition coefficient 
is the product of the water-organic carbon partitioning coefficient Koc and the fraction organic 
carbon foc. Koc values specific for each homolog are listed below in Table 2-6. The bulk partition 
coefficient is also the slope of the initial sediment adsorption isotherm. (Weber et al., 1990; 
Thibodeaux, 1996) Desorption of PCBs from sediment is assumed to follow a shallower 
isotherm than adsorption and preserve a residual adsorbed fraction which cannot be reversibly 
desorbed (Di Toro and Horzempa, 1982). 



Table 2-6. Homolog water-organic carbon partitioning coefficients used in TDM. 



PCB homolog Koc 
Monochloro 4.61*103 
Dichloro 1.14*104 
Trichloro 4.22*104 
Tetrachloro 4.51*104 
Pentachloro 8.61*104 
Hexachloro 1.2*106 
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PCB homolog Koc 
Heptachloro 2.19*106 
Octachloro 2.85*106 
Nonachloro 9.24*106 
Decachloro 8.72*107 
 
In the model, PCBs are released only down current from the ship, but the currents are assumed to 
flow equally in all directions over time. As a result, PCB dispersal radially symmetric around the 
ship; the PCB load is distributed in all directions in each one-minute time step. Within each 
minute time step, water, DOC, TSS and sediment can either adsorb or desorb PCBs, depending 
on their adsorbed concentrations and the equilibrium water concentration. Plug flow moves 
water and entrained DOC and TSS into the next outer bin in each time step. In the second and 
subsequent bins, water PCB concentrations are diluted by the larger volume of the next bin. The 
density of DOC and TSS in the water column (g ml-1 water) is assumed to be constant; hence 
there is more DOC and TSS in the next, larger, outer bin than in the previous bin. In order to 
conserve PCB mass associated with this DOC and TSS transport between bins, potential 
adsorption or desorption is calculated for only the fraction of DOC and TSS advected from the 
previous inner bin into the current bin. The current bin contains this DOC and TSS from the 
previous bin, plus an additional amount of initially “clean” (PCB-free) DOC and TSS fraction to 
maintain the same density. The new PCB mass adsorbed to DOC or TSS from the previous bin is 
divided by the mass of all the DOC or TSS in the current bin – effectively diluting it. This 
approach is logical if one assumes that currents first advect particles in one direction, then 
another, making the average concentration equal to the incoming load averaged over all DOC or 
TSS mass at that range from the ship. 



2.3.3.6.2. Modeling Results 
Total PCB concentrations in water, sediment, TSS and DOC were highest next to the ship and 
are shown in Figure 2-8. The concentrations vary with time, reflecting the varying release rates 
measured from shipboard materials and listed in Table 2-1 and Table 2-5. In this and subsequent 
figures, the ten PCB homolog concentrations were summed to yield total PCB concentrations, 
for each type of matrix. The individual homologs must be modeled separately to account for their 
different Koc values, which express themselves in the degree of partitioning from water to the 
other abiotic media. Highest concentrations occur immediately on sinking; water concentrations 
peak at 4e-14 (0.04 parts per trillion), sediment concentrations peak at 1.5 e-11, TSS 
concentrations peak at 3e-9, and DOC concentrations peak at 2e-8 (20 parts per billion). The 
concentration differences in these media mirror the increasing percent organic carbon assumed. 
The final lower concentrations at 405 days are assumed to represent steady-state conditions, 
though release rates would most likely continue to decrease. Note that the sediment 
concentration remains stable due to the permanently bound PCB fraction argued by DiToro and 
Horzempa (1982). 
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Figure 2-8. Total PCB concentrations adjacent to the ex-AGERHOLM. 



PCB mass retained in the water, sediment, TSS and DOC within the model domain are shown in 
Figure 2-9. The largest fraction (0.3 g) is permanently bound to the sediment. The vast majority 
of PCBs is advected out of the model domain via water, TSS and DOC. Assuming the release 
rate during the final interval (322-405 days) is maintained instead of decreasing as the data 
suggest (0.087 g day-1, Table 2-5), the remaining calculated PCB mass of 38.9 kg would require 
approximately 1,240 years to escape the ship.  



Total PCB concentrations in the different media as a function of distance from the ship are 
shown in Figure 2-10. In this plot, the concentrations are averaged through time, hence are lower 
than the initial concentrations associated with the initial release rates, but higher than those 
resulting from the lower, long-term release rates measured between 322 and 405 days in the 
laboratory. Reduction in concentrations is primarily due to volume dilution, and secondarily – to 
partitioning from the water to sediment TSS and DOC in the 200-minute transit time within the 
model domain. 
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Figure 2-9. Total PCB mass in various abiotic compartments. 



Figure 2-10. Mean total PCB concentrations around the ship. Concentrations are average values at specific 
distance from the ship averaged over the 405-day release period. 
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2.3.4. PCB Levels and Effects in the Deep Ocean 
The following sections describe PCB concentrations in open ocean waters and sediments. This 
background information is followed by discussions of aquatic toxicity and sediment toxicity, 
bioaccumulation, biomagnification and trophic transfer, PCB tissue burdens and critical 
concentrations, and the concept of toxic equivalency factors and relevance to marine species. 



2.3.4.1. Background PCB Concentrations in Open Ocean Waters 
PCB concentrations in the open oceans and Mediterranean Sea are typically on the order of a few 
pptr or less and usually higher at the surface than at depth. Harvey et al. (1973) measured PCBs 
at 35 and 27 parts per trillion (pptr) at the surface in the North Atlantic and Sargasso Sea 
respectively. Values at 1,000 m to 1,500 m ranged from 1 pptr to 1.5 pptr. A year later (Harvey 
et al. 1974) much lower surface values were found (0.8 pptr and 1 pptr respectively) which they 
attributed to loss through a downward transport in the water column of particulate material 
(particle flux). Deep-water PCB concentrations remained around 0.1 pptr to 2 pptr. Knap et al. 
(1986) found only 0.1 pptr PCBs at the surface in the Sargasso Sea. Schulz et al. (1988) found 
PCBs at 4 pptr to 50 pptr in surface waters of the North Atlantic, but lower values (0.01 pptr) at 
depth. Tanabe and Tatsukawa (1983) found low concentrations (<1 pptr) in the Pacific and 
Antarctic Oceans that tended to be uniform with water depth. In the Mediterranean, Geyer et al. 
(1984) found PCBs at 1 to 2 pptr at the surface and 0.1 to 2 ppt in deep water. Burns and 
Villeneuve (1987) reported total PCBs as Aroclor 1254 at 14 pptr in the Mediterranean at a depth 
of 1,500 m. 



Some recent data has been reported from the Catalan sea in the Western Mediterranean. 
Individual PCB congeners were determined in 15 samples of suspended particulate matter. The 
extracted congeners reported were No. 28, 52, 44, 70, 101, 118, 153, 138, 187, 128, 180, and 
170. Also, six dissolved-phase samples were taken and analyzed. Concentrations of total PCBs 
(sum of 12 congeners) ranging from 28-63 pg/L in the dissolved phase were one order of 
magnitude higher than in the corresponding particulate phase 1.7-16.6 (Dachs et al., 1997). Open 
ocean total PCBs at 1,500 m were less than 1 pg/L. In western Mediterranean surficial seawater 
at 15 meters in the open sea, the PCB concentration was to 8.1-55.6 pg/L. No general trends of 
PCB congener distribution with depth were observed. It was noted that a conversion to Aroclor 
1242 and 1254 equivalents can be obtained by multiplying the sum of the 12 congeners by 2.94 
and 2.75, respectively (Dachs et al., 1997). PCBs on particulate samples collected at 1,000 m in 
the Gibralter Strait ranged from 0.01 to 1.7 pg/L for the congeners 28, 52, 101, 118, 153, 138, 
and 180 (Marti et al., 2001). In the western Mediterranean Sea, PCB concentrations in coastal 
and open seawater have shown a slight decreasing trend in recent years (Tolosa et al., 1997). In 
general, recently reported PCB concentrations in water contrast sharply with those measured 
during the 1970s in Atlantic waters, although they are in the same range as the levels detected 
during 1988 in the North Sea and North Atlantic. Even though PCBs exhibit high 
particle/dissolved concentration ratios, the relatively low levels of suspended particles in 
Mediterranean waters (0.4-1 ppm) suggest the dissolved phase of the open ocean as the dominant 
reservoir of PCBs. 



Recent data from the North Atlantic Ocean near Iceland indicate that PCB congener values in 
surface and deep water are extremely low ranging in the femtogram (10-15 gm) per liter level. 
Use of a filtration /extraction system capable of sampling up to 2,000 liters of water has made 
such measurements possible. The sum total of 23 congeners ranged from 10-1048 fg/L in 
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solution, and 286-11,241 fg/L in suspension (Schulz-Bull et al., 1998). The PCB concentrations 
decreased from the surface to the bottom at each station. The lowest deepwater samples ranged 
from 10-254 fg/L. The coplanar congeners 77, 126, and 169 were below their detection limits 
(<2 fg/L) in all samples. Suspended particulate PCB concentrations were positively correlated 
with particulate organic carbon suggesting that suspended organic material is a carrier for PCBs 
in the water column. 



Data from deep ocean samples from the Sea of Japan have recently been collected and indicate 
very low total PCB (sum of 30 congeners) concentrations. Values in solution at 1,500 and 3,000 
meters depth were low at 0.2-0.3 pg/L. At 2,000-3,000 meters depth total PCB values in solution 
ranged from 183-604 fg/L (Kannan et al., 1998). Surface water total PCB concentrations ranged 
from 0.1-1.2 pg/L. Principal complement analysis showed that surface water is characterized by 
lower chlorinated PCBs than deep water which is characterized by higher chlorinated PCBs. 



Some data are available from sites in the general area of the ex-AGERHOLM sinking several 
years prior to the 1982 sinking. In a 1976 study, surface water at five Southern California Bight 
stations ranged from 3-9.6 ng/L (pptr). At depths of 500-1,500m PCBs were 2.3-10.3 ng/L 
(assumed to represent total PCBs). The overall-range of these values is 0.2-9.6 ng/L for surface 
water, and 2.3-10.3 ng/L for deepwater (Risebrough et al, 1976). Data where latitudinal and 
longitudinal locations were given are plotted in Figure 2-11. These locations are relatively close 
to the site of the ex-AGERHOLM, which is located at 119° 35.6′W and 32° 45.4′N. 



Figure 2-11. Total PCBs as Aroclor 1254 in surface water from the western boundary of the Southern 
California Bight (data are from Risebrough et al., 1976). 



Nearly all authors cited agree that transport of PCBs to deep ocean water and sediments typically 
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20-260 meters per day for copepods and 150-850 meters per day for euphausiids, speed 
sufficiently high to ensure fast transport of PCBs to the sediment (Tolosa et al., 1997). In another 
study, coastal areas deposition of fecal matter also played a focal role in transport of PCBs. The 
filter feeding activity and subsequent release of fecal matter by mussels (Macoma edulis) 
increased gross sedimentation of carbon to the benthos by 45 percent when compared to areas 
with no mussels. By selectively feeding on particles rich in organic carbon the mussels also 
concentrated associated contaminants and thereby increased gross sedimentation of PCBs by 50 
percent. This suggests that mussel biodeposition will increase the availability of PCBs to benthic 
deposit feeders living in or in the vicinity of mussel beds (Bjork et al., 2000). Protozoan grazing 
of bacteria can produce organic material, which can sorb PCBs more efficiently than background 
seawater dissolved organic carbon (Kujawinski et al., 2001). A recent report documents the 
transport of PCBs via small (0.1-0.5 cm diameter) plastic resin pellets in Japanese coastal waters. 
Apparent adsorption coefficients for these pellets ranged from 105 to 106. Since plastic resin 
pellets (from industrial raw materials used in the plastics industry) are widely distributed in the 
ocean worldwide, they may serve as a general transport medium of PCBs (Mato et al., 2001). 



Sediment particle traps moored 3,200 m below the surface of the Sargasso Sea and 1000 m 
above the bottom yielded a daily PCB flux associated with particulate settling ranging from 1.2 
to 10.8 ng m-2, corresponding to a yearly flux of 1.6 µg m-2 into the sediments (Knap et al., 
1986). Particulate PCB concentrations in this study ranged from 50-350 ppb dry weight. Burns 
and Villeneuve (1987) measured a yearly Mediterranean PCB flux rate of 13 µg m-2. Elder and 
Fowler (1977) measured a yearly PCB flux of 80 µg m-2 to 125 µg m-2 in the Mediterranean, but 
only 1.4 µg m-2 to 4.1 µg m-2 in the Atlantic. Some data concerning PCBs and suspended 
particulate matter have recently been reported from the Western Mediterranean Sea. Residence 
times of the suspended particulate matter were estimated at every depositional area ranging from 
1.46-8.05 years for PCBs. Concurrently, sediment settling velocities of suspended particulate 
matter ranged from 0.37-0.78 meters per day for PCBs (Dachs et al., 1997). Tolosa et al. (1997) 
have estimated the residence time of PCBs in the upper water column in the Mediterranean as 
probably on the order of 2-5 years. 



2.3.4.2. Background PCB Concentrations in Open Ocean Sediments 
Deep ocean sediments generally contain PCBs at concentrations in the low ppb range. Note that 
this level is three to four orders of magnitude higher than deep-water concentrations, and is 
reasonable, considering the partitioning coefficient measured by Di Toro and Horzempa (1982). 
PCBs were detected in all 94 sediment samples taken from 19 stations in the Gulf of Maine, 
ranging from trace concentrations to 130 ppb dry weight (Larsen et al., 1985). In the open 
Mediterranean Sea, flocculent layers immediately above the sediments contained two orders of 
magnitude more PCBs than the sediment (98 ppb vs. 0.2-1.9 ppb). A particle/water partition 
coefficient for PCBs was estimated at 106 to 107 ml/g. PCBs in the sediment that were more 
highly chlorinated resembled Aroclor 1260. The flocculent layer directly above the sediment 
contained PCB congeners that resembled Aroclor 1242 and 1254 signatures (Burns and 
Villeneuve, 1987). A review article reported PCBs at 0.2 to 9 ppb dry weight in Mediterranean 
sediments (Geyer et al., 1984). In the open western Mediterranean Sea sediment PCB values 
range from 0.8-33 ng/g dry weight as Aroclor 1260. Basford and Eleftheriou (1988) measured 
PCBs at 1.1 to 3.7 ppb dry weight in North Sea sediments. Measurement methods for PCBs have 
varied in literature. The limited inter-comparison data that are available generally supports 
comparability between total PCBs quantified by packed or capillary columns (Tolosa et al., 1997 
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Figure 2-12 summarizes numerous studies where PCBs were detected in marine sediments. 
Some data are available for deep benthic samples. Data primarily from shallower samples are 
presented since there is a scarcity of deep benthic data. Data are generally reported as dry weight, 
although some wet weight values were also found in the literature. These values were used as 
reported and not converted to dry weight because no suitable conversion factors exist and no 
grain sizes or moisture content are known. Because no information was found concerning 
sediment PCB concentrations near the site where the ex-AGERHOLM was sunk, available data 
from the Santa Barbara basin is presented. Additional background data summarized in a NOAA 
Technical Memorandum (Mearns et al., 1991) from the Southern California Bight, and 
specifically from some of the offshore islands are also presented in Figure 2-12. The offshore 
island data represent PCB measurements, which are geographically close to the ex-AGERHOLM 
site, but not in areas and depths identical to it. Some sediment data from the Southern California 
coastal shelf, near Orange County approximately 50-60km offshore, and at 600m depth has been 
reported (Thompson et al., 1984). Total PCB concentrations in this area ranged from 2-7 ppb in 
surface sediments (0-2 cm). 



Additional data for sediment samples from 281 estuarine sites in the Gulf of Mexico were 
collected in 1993-1994 and analyzed as part of the United States Environmental Protection 
Agency, Environmental Monitoring and Assessment Program (EMAP) (Wade et al., 1993). Less 
than 4 percent of sediments studied in EMAP exceeded 20 ng/g for the sum of 20 
polychlorinated biphenyls. These data are referenced as part of this report because of the wide 
scope of the EMAP program, although it is recognized that the sample locations are estuarine 
and not deep-ocean sites. The program was designed to assess the state of the environment 
comprehensively and randomly on a regional scale. On a national scale, a coastal sediment 
database (COSED), has been constructed using data from the NOAA status and trends program, 
EMAP, and other monitoring and assessment programs. Ten samples from the COSED database 
were found to exceed 20 ng/g Total PCBs. Only one exceeded the high benchmark for PCBs, 
>80 ng/g, of Daskalakis and O’Connor (1995). A summary of sediment PCB concentrations, 
collection sites, and references is provided in Appendix B. 



Reductions in PCB concentrations in the Dutch coastal zone sediments have recently been 
reported. The largest reduction, 80 percent, in the median concentration of PCBs, occurred in 
surface sediment in the open sea, approximately 20 kilometers offshore, between 1986 and 1996 
(Laane et al., 1999). Three main reasons for the observed decline were postulated. These include 
the decrease in loading from various sources; the sedimentation and mixing of less polluted 
suspended matter into the active sediment layer; and the washing out of previously deposited 
more heavily polluted particles. These data are mentioned because atmospheric deposition of 
PCBs has decreased with bans and restricted PCB use, and could impact ocean sediments in the 
event of scouring and replacement of sediment with cleaner source material. A cautionary 
statement regarding sediment PCB concentrations and carbon content normalization has been 
recently reported (Olsson et al., 2000). The authors stated that carbon normalization gave 
misleading information for temporal studies in the Baltic Sea, probably due to the different 
origins of carbon in the Baltic Sea, where a TOC mixture from two different sources exists 
(recent biological processes and carbon from glacial inputs). 
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Figure 2-12. Marine surface sediment PCB concentrations. 
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2.3.4.3. PCB Toxicity 



2.3.4.3.1. General Observations 
In a general overview of PCB toxicity, McFarland and Clarke (1989) note that PCBs are not 
acutely toxic to aquatic biota in the natural environment. Any toxic effects of aquatic 
environmental PCB contamination appear to most likely be sublethal and chronic. Commercial 
Aroclors are dominated by mixtures of tetra-, penta-, hexa-, and hepta-chlorobiphenyl homolog 
groups. These are generally not acutely toxic to fish and aquatic invertebrates at typical 
concentrations found in the environment (Suedel et al., 1997). In laboratory tests acute toxicity 
(LD50) of commercial PCB formulations increases with increasing chlorine content in the order 
of Aroclors 1221, 1232, 1242, 1248, and 1254. Aroclors 1260, 1262, and 1268 are less toxic than 
1254. Long-term toxicity of PCBs has also been noted where Aroclor 1254 and Kanechlor 500 
(commercial PCB product marketed in Japan) are the most toxic formulations (Tanabe, 1988). 



New toxicity information from a 1996 cancer study of four commercial mixtures (Aroclors) 
strengthens the case that all PCB mixtures can cause cancer, although different mixtures have 
different potencies. Bioaccumulated PCBs, which have been transformed from original 
commercial mixtures, are of greatest concern because they appear to be more toxic than 
commercial PCBs and more persistent in the body (Cogliano, 1998). The PCB fraction that 
adsorbs to sediment or soil tends to be higher in chlorine content and persistence than the 
original Aroclor mixture. This fraction also tends to be less susceptible to metabolism and 
elimination, and therefore more persistent and possibly toxic. A new approach developed by 
EPA (USEPA, 1996a) uses toxicity studies of commercial mixtures to develop a range of cancer 
potency estimates and then considers the effect of environmental processes to choose appropriate 
values for representative classes of environmental PCB mixtures (Cogliano 1998). Mechanistic 
studies have demonstrated tumor promoting activity in liver or lung in mice and rats exposed to 
Aroclor 1254 and several specific congeners. Representing those with four to six chlorines were 
tetrachloro-PCBs 47, 49, 52, and 77; pentachloro-PCBs 105-118 and 126; and hexachloro-PCB 
153 (Cogliano, 1998). 



The following discussion concerns PCB toxicity in water, sediments, and tissues. In order to 
specifically assess bioavailability of PCBs in sediments, concentrations in sediment should be 
normalized to organic carbon content (Di Toro, et al., 1991). However, this is rarely done. Many 
toxicity studies have been conducted at PCB concentrations far above those reported for deep 
ocean sediments and water values. To our knowledge, data concerning the toxicity of PCBs, 
specifically addressing deep ocean species, are not available. In some instances, natural 
sediments were used in the presence of other measured or unmeasured toxicants, complicating 
interpretation and confounding the results. Often, studies are performed with reference only to 
total PCB or specific Aroclor concentrations. Since toxicity of individual congeners varies, 
accurate assessment of toxicity may not be possible from such studies (de Boer, 1988). 



Regarding PCB congeners in general, few of the 209 possible congeners are considered to 
exhibit toxicity in spite of public perceptions about the dangers of PCBs (Bright et al., 1995). 
The coplanar congeners 77, 126 and 169 exhibit “dioxin-like toxicity” because of their 
demonstrated affinity for the aryl hydroxylase acceptor (Safe, 1990; McFarland and Clarke, 
1989). However, the toxicity relationships developed for these congeners are based on 
mammalian toxicity tests. Such toxicity equivalency factors are not likely to apply to organisms 
lacking the aryl hydroxylase enzyme system and far removed from mammals phylogenetically. 
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The potential for toxicity to non-mammalian species is probably not fully described by 
classification of PCB congeners according to the type of mammalian microsomal enzyme 
induction (McFarland and Clarke, 1989). Additionally, coplanar congeners are usually present in 
much lower concentrations environmentally than nonplanar congeners (Bergen et al., 1996). If 
potential toxicity, environmental prevalence, and relative abundance in animal tissues are used as 
criteria, the number of environmentally threatening congeners is reduced to perhaps 36 
compounds. Of these, 25 account for 50-75% of total PCBs in fish, invertebrate, bird, and 
mammalian tissue samples (McFarland and Clarke, 1989). Section 2.5.6.3.1 lists the compounds. 



2.3.4.3.2. Water Column Toxicity 
The following literature summary reviews laboratory PCB toxicity testing resulting from water 
column exposure within a phylogenetically broad range of marine species, and is meant to 
provide an introduction to order-of-magnitude concentrations that result in an observed 
toxicological response. This is often manifested through impaired growth or reproductive 
success, which could result in population effects. Since several types of toxicity tests, of variable 
duration, with several species, and different life stages have been reported, the range of effects in 
terms of PCB concentrations is broad, and may vary greatly within phyla (Figure 2-13). The 
discussion of water toxicity presented below focuses on information where PCB toxicity was not 
seen, or resistence was seen, in contrast to the effects data summarized in the figure. 



As a general rule, PCB concentrations between 1 and 10 ppb cause a noticeable decrease in the 
total biomass as well as cellular size in phytoplankton cultures. Resistance to PCB toxicity has 
been demonstrated by diatoms exposed to 10-30 ppb PCB for 30 days (Cosper et al., 1987). 
Resistance was retained for 2 years by the culture, despite no additional PCB exposure. 
Differences in tolerance to PCBs were noted between oceanic and estuarine isolates; estuarine 
isolates are typically more resistant to PCB exposure. 



Although the fathead minnow (Pimephales promelas) is a freshwater species, some recent data 
have appeared which show a lack of toxicity upon exposure to di-ortho substituted PCB 
congeners. The effects of five di- ortho polychlorinated biphenyl congeners numbers 52, 101, 
138, 153, and 180 on survival, growth, and reproduction in the fathead minnow were determined 
(Suedel et al., 1997). Previous studies have shown that di-ortho substituted PCB congeners such 
as numbers 105,118,128,138, and 153 are inactive in fish. PCB congeners that are ortho 
substituted have much lower binding affinities with the arylhydroxylase (Ah) receptor, which 
correlate with a reduction in their ability to induce benzo(a)pyrene hydroxylase, and 
ethoxyresorufin-O-deethy-lase (EROD) activity. Therefore the potential for induction of 
carcinogenic processes is reduced. Fathead minnows were exposed to one of two nominal 
concentrations, 2.5 micrograms per liter and 25.0 micrograms per liter for each congener for a 
total of 13 weeks under flow-through conditions. At termination, survival was 92.6-100 percent 
in all PCB congener treatments. The PCB congeners tested had no significant sublethal effects 
on reproductive success within the concentration range examined. Pimephales promelas 
accumulated substantial amounts of all PCBs, with tissue concentrations ranging from 13-183 
mg per kilogram wet weight at termination in PCB exposed fish (Suedel et al., 1997). These 
tissue residues are one to several orders of magnitude greater than those reported for these 
congeners in aquatic biota previously collected in industrial waterways of the great Lakes. 
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Figure 2-13. Aquatic (water column) PCB toxicity (the PCB concentration reported may be as an Aroclor equivalent, or the sum of several congeners). 



 



0.0%



10.0%



20.0%



30.0%



40.0%



50.0%



60.0%



70.0%



80.0%



90.0%



100.0%



0.1 1 10 100 1000



Water PCB Concentration ug/L



C
um



ul
at



iv
e 



Pe
rc



en
t o



f T
ox



ic
 E



ffe
ct



s



Juvenile Shrimp LC50 15 day; Nimmo et al., 1971



Phytoplankton Biomass Decrease; Harding and Phillips, 1978



Phytoplankton NOEC Cell Division; Harding and Phillips, 1978
Larval Shrimp NOEC Mortality; NOAA 1991
Larval Shrimp Delayed Development; NOAA 1991



Adult Shrimp LC50 35 day; Nimmo et al., 1971



Juvenile Shrimp LC50 96hr; NOAA 1991
Juvenile Shrimp LC50 96hr; NOAA 1991



Phytoplankton Biomass Decrease; Harding and Phillips, 1978
Diatom Growth Inhibition; Mosser et al., 1972



Amphipod LC50 96hr; NOAA 1991
Mysid LC50 96hr; NOAA 1991



Amphipod LC50 48hr; NOAA 1991



Diatom Decreased Growth; Mosser et al., 1972
Fathead Minnow NOEC; Suedel et al., 1997



Mysid LC50 48hr; NOAA 1991



Amphipod LC50 96hr; NOAA 1991
Shrimp LC50 96hr; NOAA 1991



Phytoplankton NOEC Cell Division; Harding and Phillips, 1978



Diatom Primary Productivity Reduced; Iseki et al., 1981
Mysid LC50 96hr; NOAA 1991



Shrimp LC50 96hr; NOAA 1991
Amphipod LC50 48hr; NOAA 1991



Diatom Decreased Growth; Mosser et al., 1972



Mysid LC50 48hr; NOAA 1991
Diatom NOEC Growth; Mosser et al., 1972

















 2-37



2.3.4.3.3. Sediment Toxicity 
Similar to aquatic toxicity testing, several types of sediment toxicity tests have been reported in 
the literature, using several species at different life stages, and varying test durations. 
Correspondingly, the range of PCB concentrations causing effects relating to sediment exposure 
is broad, as is the case with aquatic toxicity literature values. The studies, summarized in Figure 
2-14, used natural or spiked sediments in a laboratory setting, with results generally reported on 
a dry weight basis, and are not normalized to total organic carbon content. Other studies have 
reported results on a TOC normalized basis and are discussed below. 



In a study using spiked sediments, no polychaete mortality was noted at 10 or 20 days at 0.28-
9.35 ppm dry wt total PCBs (low doses), or at 27.4 ppm total PCBs (high dose). All 
concentrations were normalized to % TOC (Murdoch et al., 1997). With natural sediments, no 
significant mortality was seen at 0.36-31.8 ppm dry wt (TOC normalized). 



An estimated probable effects concentration in sediment of 0.592 ppm dry weight, and 30.4 ppm, 
on an organic carbon basis, was determined from the literature and weight of evidence for total 
PCBs in Southern California Bight sediments with polychaetes (Chapman, 1996). However, 
Total PCB NOEC values of 1.07 ppm dry wt and 36.6 ppm (organic carbon basis) were 
determined from polychaete life cycle tests (larvae-emergent juveniles). The author stated that 
since the probable effect concentrations were designed to provide sediment values above which 
toxic effects might occur, the close comparison with the NOEC values indicated that the 
sediment effect concentrations were appropriate. 



Sea urchin fertilization efficiency was significantly reduced at 5 and 10 ppm Aroclor 1254 in 
filtered seawater and 500 mg/L acetone (Adams and Slaughter-Williams, 1988). However, 
solvent co-toxicity effects of acetone on PCB uptake have been noted elsewhere at 
concentrations as low as 10 µl/L (Mac and Seelye 1981). In a recent study the sea urchin, 
Lytechinus pictus, was exposed to marine sediments spiked with PCB congener 47 at dry weight 
concentrations ranging from 0.56 to 22.5 ppb for 35 days. Embryos developed normally at 
greater than 90% in all test groups, and no significant differences were seen (Schweitzer et al., 
2000). 



In general, Dexter and Field (1989, cited in NOAA, 1991) found for sediments and PCB toxicity 
that lethal and sublethal effects and apparent thresholds were reported in the range of 0.1 to 
about 4.0 ppm dry wt. Median concentrations for numerous tests fall within the range of 0.1 to 
1.0 ppm dry wt. Additionally, PCB toxicity decreases dramatically with increasing 
concentrations of TOC. The concentration range of 0.1-1.0 ppm dry wt apparently has not been 
approached or exceeded at the offshore Southern California Islands (NOAA, 1991). Long et al. 
(1995) have determined that the range of sediment PCB concentrations associated with adverse 
effects is 0.0227-0.18 ppm dry wt. The effects range low (ER-L, the 10th percentile) is 0.0227 
ppm dry wt, and the effects range median (ER-M, the 50th percentile) was 0.18 ppm dry wt. This 
study also pointed out, however, that there was a weak relationship between the total PCB 
concentration and the incidence of effects. It was further stated that the guidelines should be used 
as informal screening tools, and should not preclude the use of toxicity tests to determine 
biological effects. The 1995 effects range values are lower than those published in 1990 due to 
the removal of freshwater data. Collectively, the references mentioned above indicate that toxic 
PCB effects in sediment might occur within a range of 0.0227-4.0 ppm dry wt. Most recently a 
consensus based approach for developing sediment effect concentrations for total PCBs has been 
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reported (MacDonald et al., 2000). In terms of dry weight the threshold effect concentration was 
determined to be 0.048 ppm, the midrange effect concentration was determined to be 0.47 ppm, 
and the extreme effect concentration was determined to be 1.7 ppm. This range of values is also 
similar to those reported in earlier studies cited above. The authors point out that the consensus 
based sediment effect concentrations are comparable to estimated chronic toxicity thresholds and 
equilibrium partitioning models. 
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Figure 2-14. Sediment PCB toxicity (the PCB concentration reported may be as an Aroclor equivalent, or sum of several congeners). The majority of 
effects levels reported is from large data sets or from multiple studies and thus represents a derived value such as a mean or median (e.g., PCB toxicity 
data of Long et. al., 1995; note their individual data below the 10th percentile value is not available). Other literature data are also included as individual 
observations. Hence the cumulative distribution presented is a collective summary of studies, some of which may represent a better estimate of toxic 
effects than others. 
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2.3.4.4. Bioaccumulation 
The term “bioaccumulation” is used to define PCB concentration per unit tissue taken up from 
the water or sediment by a species. Data may be in terms of unit tissue wet weight, dry weight, or 
specific tissue (e.g., muscle, liver) weight normalized to lipid content (wet weight divided by 
percent lipid content). Bioaccumulation is often species specific and can depend on the species, 
lipid content, age, growth rate, sex, and reproductive condition (Dexter and Field, 1989). 
Bioaccumulation has been described by such approaches as the equilibrium partitioning theory, 
which predicts that, when at a steady-state, a contaminant is at equilibrium with the organic 
carbon content of the environment and the lipid content of an organism, independent of the 
organism’s uptake route. However, it has been recently reported that the equilibrium partitioning 
theory may underestimate bioaccumulation of hydrophobic organic compounds such as PCBs by 
selective benthic suspension and deposit feeders (Gunnarson and Skold, 1999). 



2.3.4.4.1. Pelagic uptake 
PCBs are found in virtually all species. In the water column, bioaccumulation of PCBs may 
occur via respiration, dermal sorption or indirectly through consumption of contaminated food 
(Dexter and Field, 1989). Small organisms such as phytoplankton concentrate PCBs directly 
from water. PCB uptake rates in laboratory cultures of grazing and non-grazing protozoa were 
compared, and indicated that the dominant pathway of chlorobiphenyl uptake was diffusion for 
these organisms, and not ingestion (Kujawinski et al., 2000). Zooplankton may also concentrate 
PCBs directly from water, but uptake is primarily from ingestion as in higher trophic levels. No 
accumulation of PCBs (sum of 3 congeners; 101, 180, and 209) was observed in two different 
zooplankton size classes relative to ambient seawater exposures from 10-20 pg/L (Hargrave et 
al., 2000). In another recent study with a herbivorous copepod (Calanus hyperboreus), it was 
concluded that persistent organic pollutants such as PCBs do not biomagnify (Fisk et al., 2001). 
PCB concentrations (sum of 89 different congeners) ranging from 15.66 to 33.8 ppb dry weight 
were reported in the specimens collected. The lower chlorinated congeners were most frequently 
found in tissue. The authors commented that higher chlorinated congeners are seldom seen in 
marine zooplankton or seawater. 



Some evidence has recently appeared that PCB concentrations in zooplankton have decreased 
over an approximate 20-year prior period in marine zooplankton samples collected from 1993 to 
1994 at 25 stations along the East Coast of Newfoundland and Labrador (Ray et al., 1999). 
Zooplankton were principally composed of calanoid copepods, with some cyclopoid copepods, 
free-swimming tunicates, and arrow worms. Total mean PCBs in ng/g wet weight were 0.667, 
and 85.7 ng/g lipid weight. The concentrations of total PCBs in zooplankton samples were low in 
comparison with other data in the literature for marine zooplankton, reported much earlier and 
well below the 4-450 ng/g wet weight range reported by others in zooplankton from the North 
Atlantic zooplankton (Ray et al., 1999). 



Algal uptake of Carbon-14 PCB 77 was studied in a closed continuous flow system for an 
experimental period of 14 days (Moy and Walday, 1996). Algae (Fucus sp.) were exposed to the 
toxicant and uptake was rapid and significant. PCB 77 concentrations varied between 0.1 and 0.7 
µg/L, which is in order of magnitude lower than previously reported lethal levels for Aroclor 
1242. Algae exposed to PCB 77 reached the steady state level within 24 hours. Mussels (Mytilus 
edulis) were also tested and showed an approximately linear uptake rate with no observed steady 
state over the course of the experiments. Organisms moved to a clean environment showed no 
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reduction in PCB 77 content. The results indicated a steady state accumulation averaging 32 µg 
PCB 77 per kg wet weight algae when exposed to 0.5 µg PCB 77 per liter. The bioconcentration 
factor was estimated to be 64. The content of PCB 77 in seaweed was measured on whole plant 
tissue. Therefore absorption in the plant and adsorption onto the mucous surface of the seaweed 
was not quantified. More recent data for PCBs in Antarctic algal tissues has been reported 
(Montone et al., 2001). The total PCB concentration (sum of 12 congeners) measured in samples 
of Desmarestia sp., a macroalgae, ranged from 0.46 to 3.86 ppb (dry weight). The most abundant 
of the measured congeners were 52, 101, 110, 138, and 153. 



A summary of literature values documenting PCBs in pelagic and benthic species tissue samples, 
shown in Figure 2-15 gives some indication of field concentrations in whole body and muscle 
tissues, and may be compared to the 2 ppm wet weight U.S. Food and Drug Administration 
(FDA) action levels for PCBs in fish and shellfish (Boyer et al., 1991). Only two values exceed 
the FDA limit (10,000 ppb dry weight using a conversion factor of five from wet weight to dry 
weight). Concerning the lower values found, only a single data point was found for a deep-sea 
fish (rattail). The muscle tissue PCB concentration reported was2 ppb dry weight.Much of the 
literature data is reported as lipid-normalized, or from other tissues such as liver. The data 
presented in Figure 2-15 are not intended to be a complete summary of tissue PCB 
concentrations in marine species, but rather a comparative summary of tissue PCB 
concentrations from open-ocean and deep-sea specimens. Where some reports presented both 
shallow and deep-water collections, we selected the deeper samples for inclusion in Figure 2-15. 
It is clear from the data presented in Figure 2-15 that tissue PCB concentrations within the 
included phyla vary over a wide concentration range. Echinoderms, mollusks and fish exhibited 
the full range of PCB tissue concentrations, while crustacean tissue PCB data were found only in 
the upper 50th percentile of concentrations. 



A broader summary of PCB concentrations from several tissues from several phyla reported as 
either wet weight, dry weight or lipid normalized is presented in Appendix C. Some broad 
ranging data such as NOAA's national mussel watch study (tissue PCB grand median) and 
National Status and Trends median for fish liver tissue are also included in Appendix C, for 
comparative purposes. Concerning coastal species, it was noted that in flatfish PCBs in tissues 
decreased dramatically with distance from shore (NOAA 1988). Recent results from the National 
Benthic Surveillance Project, a complement of NOAA’s National Status and Trends Program, 
have shown that the concentrations of PCBs in white croaker livers were about 10 times higher 
than in sediments from the area were the fish were caught. Highly significant correlations were 
found between concentrations of PCBs in sediment and levels of these compounds in fish livers 
of all target species combined (Brown et al., 1998). A Mussel Watch survey was conducted in 
1988-1989 along the Mediterranean coast of France and Italy. Concentrations of PCBs, 
expressed by reference to Aroclor 1254, in mussels collected in 1988 to 1989 averaged 527 ng/g 
dry weight with a range of 50-3,500 ng/g dry weight. PCBs measured in mussels collected in 
1973-1974 at the same stations averaged 2,430 ng/g dry weight and ranged from 271-6,578 ng/g 
dry weight. This reflects a decrease by a factor of 4.5 in 15 years and is in agreement with the 
gradual cessation of PCB production in the 1970s and 1980s (Villeneuve et al., 1999). This mean 
PCB value of 527 ng/g approximates 85% of the literature values summarized in Figure 2-15. 
Note that echinoderms, mollusks and fish exhibited the full range of PCB tissue concentrations, 
while PCB levels for crustaceans were documented only in the upper 55th percentile. 
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Figure 2-15. PCB concentrations in marine species whole body or muscle tissues (wet weight 
values were converted to dry weight by a multiplication factor of either 4 or 5 depending on the 
phylum). The PCB concentration may be as an Aroclor equivalent, or as the sum. 



Additional information concerning PCB concentrations in other tissues, or reported as lipid 
normalized is discussed further below. The data cited in this summary has referred to lipid 
normalization where the bulk lipid in a given tissue sample has been used as the lipid factor. A 
recent study (Bergen et al., 2001) has indicated that lipid classes such as total triglycerides or 
total non-polar lipid fractions can give better correlations with total PCB concentrations. The 
authors suggest that the standard approach of normalizing tissue PCB concentrations to total 
lipid may not be appropriate, particularly when the species has a relatively low lipid content (less 
than 6% in their study). However, if this approach is adopted, then it will be necessary to 
measure lipid fraction compositions in future studies.  



Comparisons of PCB concentrations in fish tissues may not provide clear correlations with 
sediment PCB concentrations because of fish mobility, particularly for fish living close to or on 
the bottom. In a National Benthic Surveillance Project, bottom fish (English sole, Parophrys 
vetulus) from two sites, one having 50 times more PCB in the sediment than another (330 ppb 
compared to 6 ppb) had similar liver PCB concentrations (Malins et al., 1986). However, some 
association with sediment and tissue PCB concentrations has been reported. Varanasi et al. 
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(1993) noted that statistically significant correlations between PCB concentrations in sediment 
and liver tissue of several benthic fish (sole, turbot, flounder, bass, etc.) indicate the 
bioavailability of sediment-sorbed PCBs. Deep-sea fish, collected by Tucker trawl in the Gulf of 
Mexico, showed considerable variation in tissue PCB levels among different species taken at the 
same depth. The same species, of similar size, collected at different stations, were observed to 
have PCB concentration differing by several orders of magnitude (Baird et al., 1975). Eight 
species of deep-sea fish caught at various depths off the western coast of Greenland at depths 
from 200-2,100 m exhibited low to moderate PCB contamination. Hepatic levels of total PCBs 
(sum of 19 individual PCB congeners) ranged from 110 ng/g lipid weight in Wolf fish to 1,156 
ng/g in blue hake (lipid content ranged from 0.3-4.5 percent in muscle tissue). The blue hake is 
believed to be a benthic feeder. No simple relationship was found between PCB contamination 
and depth range of the investigated species (Berg et al., 1997). All specimens were captured near 
the bottom. 



Accumulation of highly chlorinated congeners appears to be common in deep-sea fish. This may 
be explained by particle bound transportation from the surface of the ocean to the deep sea. PCB 
congeners with the highest chlorination are relatively more adsorbed to suspended solids than 
PCB congeners with low chlorination. Additional congener accumulation data in deep-sea fish 
has recently been reported (Porte et al., 2000). Total PCBs as the sum of seven congeners 
measured in fish caught from 1,500-1,800 m in the Northwestern Mediterranean Sea ranged from 
2.5 to 10 ppb wet weight. These concentrations are similar to those seen in relatively clean 
coastal areas of this region. The highly chlorinated congeners 138, 153, and 180 accounted for 49 
to 50 percent of the total PCBs detected in two species (Coryphaenoides guentheri and 
Bathypterois mediterraneus) of three species caught, and 38 percent in the third species 
(Lepidion lepidion). The highly chlorinated hexa- to octochloro isomers accounted for 80 to 92 
percent of the total detected PCBs. Particle bound transport and selective sorption to particles by 
higher chlorinated congeners were also given as likely reasons for greater exposure in the deep 
sea environment in this study. Although it is known that metabolic rates of deep sea fish decrease 
with depth due to factors such as low temperatures, low food availability, and poor locomotory 
abilities, enzyme indicator measurements with these deepsea species suggested that enzymes 
systems studied (Cytochrome P450, Glutathione S-transferase, and antioxidant enzymes) were as 
catalytically efficient as those of shallow water species. Recent data from Morid cod (Mora 
moro) collected at an approximate depth of 1,000 m in the northwest Mediterranean Sea 
exhibited total PCB values (sum of 22 congeners) of 24 ppb wet weight in muscle tissue (Sole et 
al., 2001). The authors stated that compared to surface fish profiles, the PCB patterns indicated a 
relatively higher contribution of heavier components such as the hepta- and octochlorinated 
PCBs. No clear bioaccumulation dependence on fish weight or size was seen in gill, digestive 
tube or liver tissue when normalized to lipid content. The PCB concentration in muscle tissue did 
decrease with fish size, which may be due to a dilution effect with increasing body weight. 



It has been recently reported that the deep sea biota (>800 m) show significantly higher PCB 
burdens (10x) as compared to surface-living species (0-200 m) of the same region in the North 
Atlantic. In contrast to the North Atlantic, the differences between PCB burdens in surface and 
deepwater fish from Monterey Bay Canyon is only about a factor of three to four (Froescheis et 
al., 2000). In the North Atlantic samples total PCBs reported as four times the sum of seven 
indicator congeners (28, 52, 101, 118, 138, 153, and 180) were 1,180 ppb lipid weight for brittle 
star (Amphiura archystata) whole body samples, and were 2,080 ppb in Grenadier fish fillets 
(Coryphaenoides armatus) caught at 2,900 m. Brittle star (Amphiura archystata) PCB 
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concentrations were nearly 5,000 µg per kg normalized to lipid content in samples from the 
Monterey Canyon in 1995 (Looser et al., 2000). Tissue samples from sea stars (Asterias rubens) 
collected at 24 stations in the North Sea have exhibited PCB values (sum of seven congeners as 
ppb lipid normalized) ranging from 101 to 1,001 ppb (den Besten et al., 2001). Tissue PCB 
values in the open North Sea ranged from 200-400 ppb. 



Muscle tissue of yellowtail flounder, and winter flounder, collected from an offshore location off 
North Eastern Newfoundland Canada were analyzed for PCBs as the sum of 22 congeners. 
Offshore total PCB values averaged 2.38 ng/g, as wet weight. As lipid weight, the average was 
369 ng/g (Ray et al., 1998). Data from mesopelagic fish (Myctophids) collected in the western 
north pacific at depths of 50-600 m expressed as lipid weight (sum of 117 congeners) from 
whole body homogenates were similar to the lipid weight values from Newfoundland offshore 
data cited above. These values ranged from 20 to 370 ng/g lipid weight. Of the 10 values 
reported, four ranged from 200-370 ng/gram (Takahashi et al., 2000). Additional recent tissue 
data from mesopelagic fish collected between 350 and 450 meters has been reported from the 
western Mediterranean Sea (Garcia et al., 2000). Total PCB values (as the sum of seven 
congeners) were reported as 2.1, 166, 20.3, and 5.1 ppb wet weight for muscle, liver, gill, and 
digestive tract tissue, respectively, from Lepidorhombus boscii, a benthic species. Total PCB 
values were 1.0, 327, 2.9, and 8.8 ppb wet weight for muscle, liver, gill, and digestive tract 
tissue, respectively, from Phycis blennoides, a demersal species. Both species exhibited 
depletion of the lower PCB congeners, particularly those containing meta and para vicinal H-
atoms, in liver tissue. These types of congeners are more easily metabolized. Data from 
midwater fish (myctophid and hatchet fish) collected at 300-1500 m in the western North 
Atlantic reported low PCB values of 2.3-5.7 ppb (wet wt as Aroclor 1254) in whole body minus 
liver samples (Stegeman et al., 2001). These concentrations are similar to the muscle tissue 
values reported by Garcia et al. (2000) above. 



Dover sole (Microstomus pacificus) and Sablefish (Anoplopoma fimbria) collected at 500-1000 
m (continental shelf) in the vicinity of the Farallon Islands disposal site had liver wet weight 
PCB concentrations up to 7 ppm. Sediment concentrations of 190 ppb dry weight were collected 
at the disposal site (Melzian et al., 1987). The liver concentrations in the Dover sole are 
comparable to those found in Dover sole collected off Palos Verdes, CA; site of the Hyperion 
waste water outfall (Sherwood et al., 1980). Additional data concerning PCBs in Sablefish has 
been reported at two sites off the southern California coast near Orange County at depths of 
approximately 300-500 m (Cross, 1984, and Thompson et al., 1984). Total PCB concentrations 
in muscle tissue ranged from 8-110 ppb wet weight, and from 67-250 ppb wet weight in liver 
tissue. Some of the fishing sites were approximately 50 km from the coast; while not as far as the 
ex-AGERHOLM site (approximately 190 km), this distance places these specimens in the 
general area of the Southern California Bight. Concentrations of 24 PCB congeners were 
recently reported in grouper and shark liver tissue from the northwest African Atlantic. Total 
PCBs ranged from 39.4-4,723 ppb wet weight (Serrano et al., 2000). Congeners 138 and 153 
were the dominant congeners found. The order of abundance of the most toxic congeners was 
77>126>169. 



Concerning PCB congener bioaccumulation, for a given species increased exposure to PCBs did 
not lead to increased relative concentrations of non-ortho-substituted (dioxin-like) congeners. 
Limited data on congeners 77 and 126 in sediment, sea urchins, or for horn sculpins suggested 
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that, with increasing trophic status, these congeners were diminished rather than enriched relative 
to the total PCB concentration (Bright et al., 1995). 



2.3.4.4.2. Benthic uptake 
For the case of PCB uptake by benthic organisms from sediment, PCB sediment concentrations 
were found to be the most important influence on uptake. Bioavailability tends to be directly 
related to solubility of the compound and the sediment grain size, and inversely related to 
sediment organic carbon concentration. Sediments highly contaminated with PCBs are a source 
of uptake to indigenous organisms, which may accumulate PCBs to high levels, and are probably 
more important than water concentrations in determining tissue burden. However, information is 
lacking regarding toxicity to organisms that have accumulated PCBs to higher-than-background 
levels. A linear relationship between body concentration and log sediment concentration is 
generally found (Shaw and Connel, 1982). Polychaete worms have been shown to desorb two 
thirds of available hydrophobic organic contaminants such as tetrachlorobiphenyl from ingested 
sediment within one minute in their gut via gut-fluid surfactant compounds (Aherns et al., 2001). 
A study examining the relative importance of sediments and water as a source of PCBs to 
polychaete worms found that sediments contribute the bulk of PCBs taken up by exposed worms 
and perhaps other infaunal species (Fowler et al., 1978). Sediments dredged from 150 m were 
spiked with PCBs to concentrations of 9.3 ppm and 80 ppm. Polychaete bioconcentration factors 
of three to four were observed for sediment exposure. The worms exposed to 80 ppm PCB did 
not survive a 90-day test period. When the experimentally derived concentration factors were 
applied to ambient sediment and water PCB concentrations in waters off the coast of Monaco, 
the authors calculated that 89-99% of the total uptake would be derived from sediment exposure, 
depending on the seawater exposure concentration. The same concentration factors predicted that 
85% of the accumulated PCB would be due to sediment exposure when applied to open 
Mediterranean sediment and water concentrations (1 ppb PCB in sediment and 0.8 pptr PCB in 
water), again indicating the dominant role of sediments as the source of PCBs. 



Another study reported accumulation of PCBs in freshwater fish from a sediment-zooplankton 
exposure route in large experimental ponds. Initial sediment PCB concentrations were 2.7-3.8 
ppm PCB dry weight. Maximum PCB concentration in fish adipose extracts was 400 ppm over a 
14-month exposure period, yielding a bioconcentration factor of approximately 100. No mention 
of toxic effects was made, however (Larsson, 1986). 



Body burdens in two benthic copepods, Amphiascus tenuiremis and Microarthridon littorale 
were determined using Aroclor 1254 (Wirth et al., 1994). Maximum levels in A. tenuiremis (0.39 
ng/µg dry wt, =390 ppm) and M. littorale (0.23 ng/µg, =230 ppm) were reached after 8 days of 
sediment exposure at a concentration of 83.3 ng/mg dry wt. These values agree with other uptake 
values in the literature for A. tonsa and A. clausi exposed to 10 ng/L PCBs for 36 hr (0.248 and 
0.224 ng/µg dry wt, respectively). 



Fiddler crabs and pink shrimp exposed to 61.0 ppm PCB in natural sediment from Escambia 
Bay, Florida for 30 days accumulated PCBs ranging from 80-240 ppm wet weight, respectively. 
At an exposure level of 1.4 ppm PCB in natural sediment, no accumulation was seen in the 
fiddler crabs, while the pink shrimp accumulated 0.2 ppm PCB in their hepatopancreas tissue. 
Toxic effects during the testing period were not mentioned (Nimmo et al., 1971a). 



Uptake of tetrachlorobiphenyls was studied in the laboratory using benthic microcosms and the 
brittle starfish Amphiura filiformis and A. chiajei. Infaunal brittle stars may accumulate 
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contaminants either by direct contact with contaminated sediment particles, or via respiration in 
interstitial and overlying water, or by ingestion of contaminated food. Differences in 
tetrachlorobiphenyl concentrations were still significant after normalization to lipid content, 
suggesting that selective feeding behavior (i.e., response of increased feeding to enriched food 
availability) rather than equilibrium partitioning was the cause of the increased 
tetrachlorobiphenyl burden (Gunnarsson and Skoeld, 1999). In brittle stars collected in the 
natural environment, total PCBs in sediment and brittle stars were approximately three times 
higher than samples collected from a coastal station than from an offshore station. Biota 
sediment accumulation factors determined from the laboratory and field exposures ranged from 
1.5-5.9. The study also suggested that eutrophication processes, such as increased phytoplankton 
production, might contribute to increasing the accumulation of organic pollutants in benthic 
sediment ingesting fauna. It has been shown that 8-15 percent of the PCB burden in sand dabs 
from the Bay of Seine could be explained by ophiuroid consumption (Gunnarsson and Skoeld, 
1999). This suggests that Amphiura communities may play an important role in the 
accumulation, remobilization and transfer of PCBs and other sediment associated contaminants 
to higher trophic levels. Such a condition may also exist at the ex-AGERHOLM site due to the 
ubiquitous distribution of brittle stars in benthic communities. 



Sea urchins (Lytechinus pictus) fed radio-labeled PCB congener 47 spiked sediment at 0.56 to 
22.47 µg/g dry weight for 35 days accumulated this congener by factors of 10.1 to 13.3 in eggs, 
and by factors of 1.6 to 2.8 in gonadal tissue (Schweitzer et al., 2000). This degree of 
bioaccumulation was considered significant at the environmentally realistic sediment PCB 
concentrations tested. 



The bioaccumulation upon exposure to mean PCB concentrations of 3.6 ppm in river sediment 
on bottom-feeding sand worms (Nereis virens), a clam (Macoma nasuta), and the grass shrimp 
(Palaemonetes pugio) has been reported (Rubinstein et al., 1990). Sandworms accumulated 2.9 
ppm PCB (180 days), while controls accumulated 0.7 ppm. Clams accumulated 0.9 ppm (120 
days), while shrimp accumulated 0.8 ppm (28 day exposure). Mortality during the testing periods 
was similar in controls and exposure treatments (no effect). In another study with these species, 
sandworms (Nereis virens), clams (Macoma nasuta), and grass shrimp (Palaemonetes pugio) 
were exposed to Passaic River sediment (434 ng/g dry wt. for 10 congeners) for 180 days under 
flow-through conditions in a laboratory. Although final contaminant concentrations were highest 
in the sandworms, accumulation factors were generally higher for the clams and shrimp and 
lower for sandworms. Clams showed preferential accumulation of lower molecular weight PCB 
congeners, which may be due to the very low lipid content in this species. Specific congener 
concentrations ranged from 10 ng/g dry wt (PCB 206) to 80.7 ng/g (PCB 153) and mortality did 
not exceed 22.5% with clams. In general, PCB 153 showed the highest accumulation factor (AF) 
values (1.4-2.08). The more chlorinated congeners 194, 206, and 209 showed small AFs relative 
to those of other congeners suggesting that the highly chlorinated compounds are not as 
effectively accumulated as the less chlorinated congeners. The authors noted that mass and lipid 
content of the organism are two important factors in the kinetics of PCB uptake. Studies have 
indicated that arthropods, annelids and mollusks do not possess an aromatic hydrocarbon (Ah) 
receptor, the presence that might result in the expression of “dioxin like” toxicity (Pruell et al., 
1993). 



Clam sediment accumulation factors for hexa-, hepta-, and octochlorobiphenyls were estimated 
at an intertidal marsh, the Turtle River Brunswick estuary located in southern coastal Georgia 
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where Aroclor 1268 contamination was present. However, accumulation factors for PCB 
congeners with octanol-water partition coefficients (KOW) >6.5 were only in the range of 0.07-
0.88, indicating that their uptake was hindered by such factors as steric inhibition, contamination 
levels, non equilibrium conditions and stronger affinity to sediment organic carbon. It was also 
shown that biota sediment accumulation factors (BSAFs) were negatively correlated with log 
KOW of super hydrophobic PCB congeners also indicating less availability of the higher 
chlorinated PCBs (Kannan, 1999). In this study, total PCB concentrations in surface sediments 
and clam tissues were 430 µg/g dry weight and 17.9 µg/g wet weight, respectively. Based on 
lipid and organic carbon normalized total PCB concentrations in the clam tissue and sediments 
the BSAF was estimated to be 0.21, much less than a tentative guideline limit of 1.7 suggested 
for benthic organisms by McFarland and Clarke (1988) based on equilibrium partitioning as the 
only bioaccumulation factor. Filter feeding clams exhibited lesser BSAFs for PCB congeners 
than deposit feeders and predators, suggesting that despite the relatively high concentrations of 
PCBs in sediments, bioavailability of the more chlorinated congeners present in the sediment 
may be less for filter feeding bivalves. Filter feeding clams ingest PCBs primarily from 
overlying water, which may not be at equilibrium with the sediments due to the tidal cycle at this 
intertidal location. Therefore, non-equilibrium conditions could also have contributed for the 
reduced BSAFs. 



More information concerning PCB accumulation in clams has recently been reported from New 
Bedford Harbor (Burgess and McKinney, 1999). The filter feeder Mulinia lateralis and the 
deposit feeder Yoldia limatula were studied using sediment samples collected from a station in 
upper New Bedford Harbor during September 1995. Uncontaminated sediment from Long Island 
Sound was used as a reference. Samples were analyzed for 23 PCB congeners. Differences in 
feeding strategies between species were indicated, especially early in the exposures when Y. 
limatula was accumulating far more PCBs than M. lateralis. This differential uptake was 
probably a result of direct sediment ingestion, and is in agreement with other studies where it has 
been observed that deposit feeders accumulated more contaminants such as PCBs than filter 
feeders. 



In highly contaminated New Bedford sediments, PCB concentrations of 10,000 ppm resulted in 
body burdens of 49 ppm dry weight and 86 ppm wet weight in mussels and lobster, respectively 
(Farrington et al., 1985). Bioaccumulation of PCBs from sediment has not been found to 
approach rates in water where PCB is more bioavailable, but it should be kept in mind that PCBs 
in sediments can reach much higher concentrations than in water and lead to high body burdens, 
(Neff and Breteler, 1983). 



2.3.4.5. Biomagnification/Food Chain 
The term “biomagnification” is used to define an increase in PCB concentration from one trophic 
level to another. Little data are available for natural, open water communities and we have found 
none for deep sea benthic communities. Some evidence is presented from shallow, benthic 
communities. PCB levels in birds and mammals are not discussed in this report, since these 
animals are not part of the food chain found at SINKEX depths and are not felt to be 
significantly exposed to PCBs released at these depths. Similarly, human health issues are not 
raised here, but are discussed in a separate Human Health Risk Assessment. Few fisheries 
operate at proposed SINKEX depths, except perhaps for the Sablefish fishery examined in the 
Human Health Risk Assessment. PCBs released at depth, as discussed previously, probably do 
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not enter surface waters either through advection or diffusion and remain trapped in the benthic 
boundary layer. As discussed below, there is no evidence that vertical migration of marine 
organisms spans these depths, and hence no evidence of a natural biological link exposing 
SINKEX PCBs to surface communities. 



Concerning the relevance of deep sea food chain relationships to SINKEX, the studies discussed 
below collectively suggest that PCB biomagnification in deep sea food chains may not occur. 
Several factors such as feeding strategies, biochemical adaptations to depth, and differences in 
lipid and lipid types may in part be responsible for the lack of biomagnification in the deep sea. 
These factors and others are discussed in the studies below. Additional information concerning 
trophic transfer of PCBs in shallow waters, and in some freshwater systems, is also mentioned in 
order to present a broad view of PCB biomagnification and food chain issues. 



A bacterial-microplankton study using three polychlorinated biphenyl PCB congeners (3, 52, and 
153) was recently reported (Wallberg et al., 1997). In oceanic waters bacterial biomass may even 
exceed the phytoplankton biomass. Of the PCB fraction that initially adsorbed to particles, 60-
100 percent was associated with the bacterial fraction and 0-5 percent with the microplankton 
fraction. Approximately 75 percent of the increase in bioconcentration of hexachlorobiphenyl in 
the microplankton fraction can be explained by bacterial grazing. The results indicate the 
microbial food web can contribute to a rapid uptake of higher chlorinated PCBs in grazing 
organisms, particularly in oligotrophic ecosystems were the bacterial biomass dominates. A later 
study using congener 153 indicated that the transfer rate through a microbial food web was 
coupled to the carbon flux, and may be less efficient in the transfer of PCBs to higher trophic 
levels during nutrient-limited periods. When nutrient input increases, a shift toward increased 
food web diversity with larger planktonic organisms and more efficient carbon transfer is seen 
(Wallberg and Andersson, 2000). Wallberg et al. (2001) have recently reported that trophic 
transfer can be a dominant PCB uptake pathway in heterotrophic microplankton such as ciliates, 
exhibiting higher PCB concentrations than in phytoplankton. 



However, lower food chain levels (plankton and invertebrates consumed by fish) do not 
biomagnify PCBs to the extent seen in upper food chain species such as mammals and birds 
(Harding, 1986; Shaw and Connell, 1982). The consumption of contaminated food is the major 
source of xenobiotics for predating birds and mammals. Additionally, the direct uptake of 
chemicals from the environment (i.e., from water, sediment and air) is only of minor relevance 
for upper food chain species (Nendza et al., 1997). 



In a microplankton-euphausiids-shrimp food chain in the Mediterranean no evidence of trophic 
magnification of PCBs was found. Most predator-prey biomagnification factors are close to or 
greater than unity (Harding, 1986). In open Atlantic upper water column fish, no PCB 
biomagnification was apparent on a wet or lipid weight basis and, in fact, the mixed plankton 
assemblages captured by net had higher PCB concentrations (average 200 ppb) than any fish. 
Plankton hauls rich in phytoplankton reached 1 ppm (Harvey et al., 1973). Dry weight 
concentrations of zooplankton taken in North Atlantic shelf and slope waters off the U.S. had a 
median PCB concentration of 150 ppb. Zooplankton lipid PCB concentrations (median value of 
60 ppm) were comparable to the PCB levels in fish caught in Long Island Sound (Risebrough 
and Vreeland, 1972). Trophic transfer and biomagnification of PCBs did not appear to occur on 
contact with contaminated sediments, although direct uptake through equilibrium partitioning 
was thought to explain tissue burdens in the Hudson River (Pierce et al., 1981). A more recent 
study has also concluded that uptake of PCBs by fish is mainly direct from water, without 
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significant influence from diet or age for both pelagic and demersal fish. An observation was 
made that fish tissue from relatively uncontaminated waters (e.g., capelin from Icelandic waters) 
may contain as little as 10 ng per gram dry weight of total PCBs (Ali et al., 1997). For a linear 
food chain including fish, however, biomagnification between trophic levels may occur for the 
more chlorinated congeners (Bruggeman et al., 1984). The sum of 28 PCB congeners was 
recently measured in whole body samples of copepods (44-46), euphausiids (28-29), amphipods 
(38-50), and cod fish liver (108-205) as ppb lipid weight (Borga et al., 2001). The predation step 
from crustaceans to fish indicated biomagnification factors of 2.2 to 5.9 for the sum of nine 
congeners (28, 31, 47, 99, 105, 118, 138, 149, and 153). The amphipod predator - copepod prey 
step indicated bioaccumulation by a factor of 1.1. The relatively low biomagnification factors 
may reflect the ability of these species to eliminate contaminants such as PCBs through their 
respiratory surfaces (Borga et al., 2001). 



In a recent report concerning food-chain biomagnification in a marine pelagic food chain, 
Harding et al. (1997) state that evidence for biomagnification is contradictory. Several studies 
are cited where biomagnification has, and has not been observed. In their study Harding et al. 
(1997) found a ten-fold increase in PCB concentrations when PCBs were normalized to lipid 
content. Fish had ten-fold more PCBs than plankton. The point is made that it is not clear 
whether the increased fish PCB content relative to plankton can be explained by trophic 
accumulation, or increased exposure as a result of the greater longevity of fish compared to 
plankton. This clearly has implications for other studies as well. The best predictors of PCB 
contamination in fish in St. Georges Bay were determined to be lipid content followed by size 
and age (Harding et al., 1997). Size related differences in uptake rate have been demonstrated in 
bivalve mollusks. Larger individuals exhibit lower tissue PCB concentrations (Gilek et al., 
1996). 



Polychlorinated biphenyl congener bioconcentration patterns in tissues of marine macrophytes, 
urchins, mollusks, sea cucumbers, and fishes at Midway Atoll in the North Pacific Ocean have 
been recently reported (Hope et al., 1998). This study measured the concentration and 
distribution of 20 PCB congeners (8,18, 28, 44, 52, 66, 77, 101, 105, 118, 126, 128, 138, 153, 
170, 180, 187, 195, 206, and 209) in marine sediments, surface waters, and tissues of 12 species 
of marine biota from near shore waters at Midway Atoll. PCB congeners 28, 52, 101, 118, 138, 
153, and 180 are among those recommended by the International Council for Exploration of the 
Seas for assessing marine pollution by PCBs. The 12 species collected can be nominally grouped 
into four trophic levels: primary producers, herbivorous primary consumers, omnivorous 
secondary consumers, and carnivorous tertiary consumers. While it is unlikely that all of these 
species are simultaneously involved in the same food web, some feeding relationships are 
suggested by field observations. Calculated mean lipid-normalized logarithmic bioconcentration 
factors for PCB congeners in various marine species ranged from 3.75-6.97. There was no 
evidence of a consistent pattern of progressive increase in bioconcentration (e.g., 
biomagnification) of PCB congeners with increasing trophic level in this near shore ecosystem. It 
was noted that normalizing the measured BCFs to lipid content of the organism reduces the 
effects of intra-and interspecies variability. Laboratory-derived BCF values would be expected to 
deviate from field-derived BCF values, depending on the contributions made through food 
consumption. Only four congeners (153, 170, 180, and 187) displayed a slight upward trend in 
bioconcentration for primary producers to tertiary consumers. These findings suggest that a 
general model for trophic level differences in PCB concentrations may not be attainable. 
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Deep-sea organisms collected in Suruga Bay, Japan showed no consistent trend between 
organochlorine concentrations and prey-predator relationships. No consistent trend between PCB 
concentrations and food chain relationships was observed in the deep-sea organisms. Deep-sea 
fish ranged from 450 (Argentine fish, Glossanodon semifasciatus) to 1900 (Cusk-Eel, 
Hoplobrotula armata) ng/g lipid weight (Takahashi et al., 1998). 



Less is known for pelagic species living at bathyal depths. Factors such as exposure to sediment, 
differing life histories, feeding strategies, and biochemical adaptations to high pressures and low 
temperatures argue caution in extrapolating shallow water food chain data to deep water 
organisms (Harvey et al., 1974). In a lengthy literature review, Fowler (1990) noted that deep-sea 
feeding strategies probably differ from those in shallow water and found no evidence of food 
chain magnification in the deep sea. Similarly, Grassle et al., (1986) hypothesized that 
differences in lipid levels and lipid types in deep ocean mesopelagic communities may be partly 
responsible for lack of food chain biomagnification. 



A sediment-copepod-fish trophic study has been reported (Dipinto and Coull, 1997). Aroclor 
1254 was used in a benthic-based trophic model where sediments, benthic copepods, and 
juvenile fish were studied. Field collected benthic copepods (Microarthridion littorale) were 
exposed to sublethal levels of Aroclor 1254 in sediments for 96 hrs. Accumulation of PCB was 
measured in the copepods, and these contaminated copepods were fed to juvenile Leiostomus 
xanthurus (Sciaenidae) in uncontaminated sediments. Copepods exposed to PCB contaminated 
sediments at 90 µg per gram accumulated PCBs to 326 µg per gram dry weight. Accumulation of 
PCB in fish feeding in contaminated sediments was five times higher than that in fish feeding on 
contaminated prey in uncontaminated sediments. Fish fed meals of copepods exposed to Aroclor 
1254 contaminated sediments accumulated PCBs from the copepods at a 33 percent transference 
of PCBs from prey to predator. It is likely that continued feeding on contaminated copepods 
during the five to seven months the juvenile fish spend in the estuary would have led to a much 
greater PCB accumulation in fish over time (Dipinto and Coull, 1997). 



Analysis of chlorine homolog groups revealed that the fish preferentially accumulated the 
tetrachlorinated congeners relative to copepods and sediments. The pentachlorinated congeners 
exhibited the opposite trend: they were accumulated by fish at levels lower than their source 
groups. The congener patterns in fish reflected the congener patterns in their respective PCB 
sources, which were either the PCB contaminated sediments or the PCB contaminated copepods. 
The lowest KOW group (tetrachlorobiphenyl) accumulated more in the fish relative to their PCB 
sources. These congeners are less hydrophobic, do not associate strongly with sediments, and as 
a result are more bioavailable than the higher KOW congeners. However, because these congeners 
are typically more readily metabolized and eliminated, they do not typically accumulate as 
highly in higher trophic levels as in environmental samples (Dipinto and Coull, 1997). 



Some information has recently appeared concerning fish to fish transfer, and fish to mammal 
trophic level magnification of PCBs. A total 17 PCB congeners were measured in a local marine 
food chain near Jarfjord northern Norway. The species represented included the lesser sand eel 
(fish), cod, harbor seal, and gray seal. The data suggested that the bioaccumulation mechanisms 
at lower trophic levels (fish) depend primarily on physio-chemical factors, such as the water 
solubility and lipophilicity of the pollutants. At higher trophic levels (seals) the bioaccumulation 
mechanisms are primarily affected by biochemical factors, such as the metabolic capacity of the 
organisms. The biomagnification factors determined showed that total PCBs demonstrated a 
sharp increase in concentrations with higher trophic level. In cod, higher chlorinated biphenyls 
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constituted higher proportions of total PCBs than in the sand eel. For cod/sand eel PCB 
concentrations in tissue, the biomagnification factor was 3.2 for total PCBs. For Harbor seal/sand 
eel tissues, the biomagnification factor was 28.0. The gray seal/sand eel biomagnification factor 
was 32.2, the harbor seal/cod biomagnification factor was 8.7, and the gray seal/cod 
biomagnification factor was 10.0 (Ruus et al., 1999). 



Although the data are from freshwater species, it has been shown that Lake Michigan coho 
salmon bioaccumulated various PCB congeners from their food. The retention efficiency for the 
pentachloro congeners averaged 38 percent, while retention efficiencies for higher chlorinated 
congeners ranged from 43 to 56 percent. An overall average net trophic transfer efficiency of 
49.3 percent was calculated for all 21 congeners studied (Madenjian, et al., 1999). 



In another freshwater study, trophic transfer of chlorinated organic contaminants was 
investigated in an aquatic community composed of zooplankton, benthic invertebrates, and fish 
from the Detroit River (Russell et al., 1999). Samples were analyzed for PCB congeners 52, 87, 
101, 138, 153, and 180. Biomagnification measured as the increase in lipid-based chemical 
concentrations in predator over that in prey was observed for high KOW chemicals (log 
KOW>6.3). PCBs 87, 101, 138, 153, and 180 have log KOWs ranging from 6.4-7.4. Accumulation 
of PCBs in the food web showed a relationship to the trophic level of the organisms, and 
biomagnification was evident indicating that the process of biomagnification is KOW dependent. 
Low KOW chemicals (log KOW<5.5) did not biomagnify in the food web, and chemicals with log 
KOW between 5.5 and 6.3 showed some evidence of biomagnification. Trophic level differences 
in chemical accumulation in the food web could not be attributed to bioconcentration into 
increasing trophic levels with increasing lipid levels, as no relationship was observed between 
trophic position and lipid content of organisms. It was concluded that trophic interactions play a 
crucial role in the distribution of High KOW chemicals, but not for low KOW chemicals. 



A laboratory study using polychaete worms exposed to Passaic River (NJ) sediment for 70 days, 
and subsequently fed to the American lobster for up to 112 days showed accumulation of 31 
PCB congeners by the worms. Lobsters also accumulated some PCB congeners. The non-ortho-
substituted congeners 77 and 126 were particularly enriched (6×) in the lobsters relative to the 
sediment, likely because they were not metabolized (Pruell et al., 2000). 



2.3.4.6. Tissue Burden Toxicity 
In addition to water and sediment toxicity data, some studies have reported tissue PCB 
concentrations where toxic effects were also noted. Additionally, some reports have appeared 
where critical body concentrations and the mammalian dioxin toxic equivalents model are 
discussed with respect to marine species. These studies are discussed in the following sections. 



2.3.4.6.1. Tissue Concentrations 
The processes of bioaccumulation (from pelagic or benthic uptake) and biomagnification may 
both contribute to tissue PCB concentrations, which may be toxic to a given species. Exposure to 
PCBs in sea stars fed mussel tissue led to reduced steroid metabolism which could lead to 
reproductive impairment. Sea stars were exposed to PCB levels (26 ppm lipid) comparable to 
those found in specimens from polluted field sites (8.92-15.87 ppm lipid) (den Besten et al., 
1990). In a food chain experiment consisting of algae-mussels-sea stars using Clophen A50, an 
almost linear PCB concentration increase was seen in sea star pyloric caeca and gonads. PCB 
exposed female sea stars had significantly lower gonad indices than in unexposed specimens. 
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The total PCB concentration in unexposed gonads was 2.96 ppm lipid wt, while exposed gonads 
had 17.3 ppm (den Besten et al., 1990). In this study total PCBs were the sum of eight congeners 
(52, 70, 87, 101, 118, 138, 153, 180). It was stated that comparable PCB concentrations have 
been found in other polluted areas, and that this study may be considered relevant for sea star 
populations in polluted areas. A recent study of regeneration responses with a crinoid 
echinoderm (Antedon mediterranea) showed abnormal cellular and tissue resposes involving 
limb regeneration following exposure to total PCBs as Aroclor 1260 at 14 ng/L for 14 days. The 
exposed specimens accumulated total PCBs at 2,257 ppb lipid wt, which the authors reported as 
not very different from those measured in other filter-feeding invertebrates along the 
Mediterranean coasts (Candia Carnevali et al., 2001; Candia Carnavali et al., 2001a). 



Cultured clam (Mercenaria mercenaria) gametes from sites in Long Island Sound having 
elevated concentrations of PCBs showed significantly lower fertilization and meiotic success 
than gametes from other Long Island Sound sites. The PCB concentration in Long Island clam 
gonadal tissue was generally low, ranging from 0.027-0.048 ppm PCB wet weight. Copper and 
cadmium were also present in samples (Stiles et al., 1991). Hemocytic neoplasia develops in 
soft-shelled clams and coastal locations throughout the world. The prevalence of neoplasm was 
higher than background levels when clams were collected from a PCB contaminated site, New 
Bedford Harbor. PCBs preferentially localized in normal and neoplastic sites, in the ovary and in 
several other tissues (Strandberg et al., 1998). This study commented that PCBs are not 
mutagenic, and that it is not known whether PCBs act as tumor inducers or promoters, although 
recent evidence supports the latter interpretation. Numerous examples of hemocytic neoplasia in 
clams from New Bedford Harbor were found. These clams were found where there were 
persistent high levels of PCBs, although concentrations were not reported. The findings show 
that clam tissues and blood cells accumulate PCBs. 



Incubated North Sea whiting (Merlangus merlangus) eggs having PCB concentrations of 3-370 
ppb wet weight showed low viable hatching success. Considerable scatter in hatching success 
was noted at low levels, while higher levels consistently showed low hatching success. A 
threshold value of 200 ppb wet weight was calculated for ovary contamination, above which 
impairment of reproductive success (viable hatch below 10%) was likely to occur. Artificially 
inseminated eggs were incubated and developmental effects correlated with PCB residues in the 
ovaries. PCB concentrations higher than 200 ppb were found in 16% of all specimens. The 
parameter measured was a “contamination factor” which was a composite measurement of all 
contaminants found in the tissues, however. The effects of DDT on viable hatch were 10 times as 
great as those found with PCBs in Baltic herring. The authors commented that the large number 
of low hatch events seen could not be explained by the simultaneously occurring contaminants 
measured and suggested that additional contaminants not measured may have been highly 
influential (Westernhagen et al., 1989). Viable hatching success (50%) was significantly affected 
at ovary PCB threshold concentrations of more than 120 ppb wet weight in Baltic herring 
(Clupea harengus). However, 94.5% of the specimens examined had less than this concentration 
in their ovarian tissue. The authors state that other causative agents not measured may also be 
responsible for the low PCB threshold since other reports cite toxic levels on the order of 15-17 
ppm (Hansen et al., 1985). 



Viable hatching success was not affected by PCB concentrations of 5.9-44.9 ppb wet weight in 
Atlantic herring (Rosenthal et al., 1986). In another study, Atlantic croaker (Micropogonias 
undulatus) fed Aroclor 1254 at a rate of 5 ppm body weight per day for 17 days showed impaired 
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reproductive function (impaired ovarian growth) (Thomas, 1989). Percent viable hatch success 
was generally 60% or better in winter flounder (Pseudopleuronectes americanus) from Long 
Island Sound and Boston harbor at egg levels of 0.25-1.0 ppm PCB wet weight as Aroclor 1254 
(Nelson et al., 1991). A previous reference suggested that 0.12 ppm wet weight might be a viable 
hatch threshold limit (Hansen et al., 1985). 



Eggs from winter flounder from New Bedford Harbor had significantly higher PCB content (39.6 
ppm dry weight as Aroclor 1254) compared to a reference area (1.08 ppm dry weight). Larvae 
hatched from these eggs were significantly smaller in length and weight than from the reference 
site. A significant inverse relationship between PCB content of eggs and length or weight at 
hatch was noted (Black et al., 1988). Exposure to Aroclor 1254 in solution at 1.0 ppb increased 
cytochrome P450 activity in liver tissue from a goby (Zosterisessor ophiocephalus) after a two 
week exposure. No statement concerning biological significance was made, however (Nasci et 
al., 1991). 



2.3.4.6.2. Critical Body Burdens 
Some discussion of critical body burdens has recently appeared concerning marine hazard and 
risk assessments (Nendza et al., 1997). Contaminant residues in prey organisms (critical body 
burdens-CBB) may be used for marine hazard and risk assessments. Evaluations solely from 
aquatic exposure concentrations are not adequate to account for potential secondary effects in 
marine ecosystems in the view of the authors. Combining the BCF values with toxicity data, the 
no observed effect concentration (NOEC), yields the critical body burden, which is the 
contaminant level inside the organism, above which the fish will be impaired. 



CBB=NOEC×BCF 



However, some variability has been noted. A comparison of measured and calculated critical 
body burdens has shown that the calculated CBBs tend to be systematically higher than the 
measured burdens. Measured CBB data may vary by one order of magnitude within a population, 
with approximately 50 percent of this variation due to the lipid content of the individuals. The 
actual hazard potential of the individual chemical(s) for direct fish toxicity can be characterized 
by comparing the critical body burdens with measured concentrations in marine fish (measured 
concentration [e.g., ng/g tissue] divided by critical body burden=quotient value). The smaller the 
critical body burden and the actual contaminant concentration in the fish, the less likely is the 
direct toxic impact of the given chemical. Quotient values <0.01 indicate compounds for which 
the actual contaminant concentration is at least 100 times lower than the lowest observed toxicity 
value. Quotient values between 0.01 and 0.1 indicate compounds for which the actual 
contaminant concentration is at least 10 times lower than the toxicity threshold. Quotient values 
between 0.1 and 1 indicate compounds for which the actual contaminant concentration is in the 
same order of magnitude as the toxicity threshold. A direct impact by these compounds may be 
assumed. If the quotient values exceed one, toxicity is likely to occur (Nendza et al., 1997). 



A recent study has reported critical body residue (CBR; e.g., burden) levels for an amphipod 
Ampelisca abdita (Fay et al., 2000) exposed to 2,2′, 4,4′ tetrachlorobiphenyl for 10 days in 
spiked sediment from Long Island Sound. Nominal sediment tetrachlorobiphenyl concentrations 
above 710 µg/g dry wt caused 100% mortality. A 50% lethal residue (LR50) concentration of 
0.57 µmol/g wet wt (18 µmol/g lipid wt) was determined. These values are 166 µg/g wet wt and 
5.3 mg/g lipid wt, respectively. This lethal body residue burden falls below the range of CBRs 
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predicted for acute narcosis from hydrophobic neutral organic chemicals (2-8 µmol/g wet wt 
[584-2336 µg/g lipid? wt] - 63-255 µmol/g lipid [18.4-74.5 mg/g lipid] for an organism with 
3.14% lipid), indicating that A. abdita is a sensitive species for acute toxicity testing. Acute 
narcotic CBRs can display ranges of values that appear to be species specific, however. The 
tendency toward over prediction of CBR levels is consistent with the higher calculated vs. 
measured critical body burdens discussed by Nendza et al., 1997 in the previous paragraph. The 
principal advantage of the CBR approach in determining toxicity, relative to standard 
comparisons of concentrations in the exposure medium, is the more direct dose-response 
relationship rather than an assumption of external exposure being a surrogate for internal dose. 



2.3.4.6.3. TEF/TEQ 
The TEF/TEQ (toxic equivalency factor/toxic equivalents quotient) approach in mammals has 
never been validated for invertebrates. The TEFs for dioxin-like congeners are based only on the 
vertebrate model of the chemical binding to the AhR (aryl hydroxylase) enzyme, which mediates 
the induction of P450 enzymes (Ahlborg et al., 1994; Safe, 1994; WHO, 1997). The toxic 
equivalency factor (TEF) of a congener is defined as the EC50 of TCDD divided by the EC50 of 
the congener. In one study, body burdens of radio-labeled PCB congeners 47, 77, and 153 
accumulated from seawater were used to determine median effective concentrations (EC50s) for 
developmental and cytogenic effects in sea urchin embryos following a 72 hour exposure 
(Schweitzer et al., 1997). Of these three, only congener 77 is considered to be a dioxin-like 
congener. Congener 47 was found to be at least four times more toxic than congener 77, a non-
ortho substituted coplanar tetra chlorobiphenyl, with EC50s of 47 mmol/kg (13.7 ppm) and >218 
mmol/kg (63.7 ppm), respectively, using an embryo development assay. This result contradicts 
the structure activity prediction of the mammalian-based toxic equivalents (TEQ) approach, 
since congener 77 is a dioxin-like congener should exhibit more toxicity, based on the 
mammalian model. Congener 153, a di-ortho substituted hexachlorobiphenyl, was virtually 
nontoxic in terms of developmental effects at the highest dose of 102 mmol (36.8 ppm) per 
kilogram achievable at its limit of water solubility. Dose-response relationships were established 
with mitotic activity being the most sensitive endpoint because the PCBs appear to inhibit 
mitosis. Congener 77 was found to be at least two times more toxic (EC50 equals 30 mmol per 
kilogram, or 8.8 ppm) than congener 153 (EC50 equals 67 mmol per kilogram, or 24.2 ppm), but 
not as toxic as congener 47 (EC50<16 mmol per kilogram, or 4.7 ppm) using mitotic activity as 
the endpoint for toxicity (Schweitzer et al., 1997). 



For congener 47 at doses above 80 µg/L, most embryos had started to disintegrate by 48 hours. 
Significant toxicity was not observed with congener 77 in the uptake study. The average BCFs 
for congeners 47, 77, and 153 in the sea urchin embryos in this study were 186,000, 51,000, and 
87,000, respectively. The measured water concentrations in this study included both the 
particulate and dissolved fractions. This demonstrates the limitations of using water 
measurements to predict tissue concentrations. It is unclear what congeners were bioavailable in 
the water. The question of bioavailability along with variability within and between the 
regressions for the three congeners demonstrates the importance of reporting tissue concentration 
instead of water concentration as the dose. Congener 47 was not only accumulated more readily 
than congeners 77 and 153, but was also the most toxic among the three congeners at comparable 
tissue doses. Congener 47 was at least four times more toxic than congener 77 using the 
development endpoint. The application of the current TEQ approach to invertebrates may yield 
inaccurate risk estimates for PCB congeners. Because differential toxicity was found among 
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these three PCB congeners, total body burden of PCBs in invertebrate tissues may be inadequate 
for predicting effects (Schweitzer, et al., 1997). In a recent conference on the use and 
development of TEFs and TEQs, it was felt that the development of TEFs for invertebrates is not 
recommended because there is limited evidence for ligand activation of Ah Receptors or for 
TCDD like toxicity in invertebrates (Van den Berg et al., 1998). 



2.4. The Conceptual Model, Assessment Endpoints, and the 
Analysis Plan 



At this point in the Problem Formulation of the SINKEX Ecological Risk Assessment, the 
“integration of available information” was completed. What was known (prior to the 
development of the sampling and analysis plans) about the site’s stressor and exposure 
characteristics, the ecosystems potentially at risk, and observed ecological effects associated with 
the site and sources under investigation had been reviewed. The next step in Problem 
Formulation was to develop a conceptual model and select assessment endpoints. 



2.4.1. Development of Preliminary Site Conceptual Model 
A site conceptual model is a tool, which permits the ecological risk assessor to progress from the 
Problem Formulation phase to the Analysis Phase. It describes the best technical 
“understanding” of the study site and relationships among stressors (i.e., contaminants of 
concern) and exposure pathways through which the stressors may act to affect the environments 
potentially at risk. Many of the assumptions stated in the site conceptual model are the same ones 
used for the numerical model previously described in Section 2.3.3.6. The previous sections 
(Problem Formulation: Integration of Available Information, Exposure Characteristics, and PCB 
Levels and Effects in the Deep Ocean) have outlined what was known, a priori, about the ex-
AGERHOLM site and the presence and behavior of PCBs in the deep ocean environment 
(focusing on Southern California waters). Figure 2-16 depicts the Site Conceptual Model for the 
ex-AGERHOLM risk assessment study. 
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Figure 2-16. Preliminary site conceptual model for SINKEX ecological risk assessment. 



2.4.2. Exposure Pathway Analysis for Ecological Receptors of Concern 
In the model, primary sources (e.g. PCBs onboard ex-AGERHOLM vs. PCBs entering the 
system from other polluting sources) are acted upon by release mechanisms (e.g., PCBs leaching 
from the hulk vs. PCBs released into the ocean via industrial discharges, coastal runoff, food 
chain transfer from other PCB-contaminated ocean sites, and atmospheric deposition) to collect 
in secondary sources (e.g., water column and surface of ship). A second input pathway (e.g., 
sorption/settling and desorption/resuspension) represents the deposition of PCBs into a tertiary 
source (e.g., sediments) and the double arrows represent subsequent cycling between sediments 
and the water column. The next process is represented by the biological uptake mechanism that 
transfers contaminants (e.g., PCBs) from environmental media or matrices (e.g., sediment and 
water) into primary ecological receptors (e.g., benthic, epibenthic, or pelagic communities). The 
final step of the site conceptual model is represented by a secondary uptake mechanism 
(ingestion of contaminated organisms by higher level organisms, including humans) that initiates 
transfer through the food chain. 



In the previous section, which discussed exposure scenarios for the release of PCBs, the 
following hypothesis was proposed: 



Leaking and leaching are the primary release mechanisms for PCBs into the water 
column. Solid-bound PCBs and metals in shipboard materials at the bottom of the 
deep ocean would tend to leach out into the water column at very slow rates, with 
decades or centuries passing by before an “average” PCB load would completely 
dissolve into the water column. Minimal contaminant release from the hulk was 
expected because: (1) the relatively small amount of contaminants onboard 
SINKEX vessels, and (2) the contaminants of concern (e.g., PCBs and metals) 
would be incorporated into solid matrices, are only slightly soluble in water, and 
even less so at expected ambient temperature and pressure. 
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Currents would affect the dispersion and “footprint” for the dissolved PCBs, but it was thought 
that a long-term “average” current on the bottom would be slow at this location, resulting in the 
PCBs quickly adsorbing to hull paints, organic material and sediments close to the hulk. The 
primary route of exposure to deep ocean organisms would probably be ingestion of sediments 
and particulates onto which PCBs have adsorbed. Biota receiving direct internal exposure 
through incidental ingestion of PCBs in settling particulates or bedded sediments would include 
benthic infauna and epibenthic fauna, as well as bottom-scavenging fish. 



Through the mechanical actions of burrowing worms, feeding on benthic macroinvertebrates by 
predators and movements of underwater currents, secondary release mechanisms such as 
desorption and resuspension of sediments may occur, causing the PCBs to re-enter the water 
column. 



Ultimately, contaminants from the hulk may enter the water column and sediment, initiating 
trophic transfer within a food chain, first from benthic and epibenthic organisms and bottom 
scavengers, and then to deep-sea fish predators such as sablefish. It is not believed that there is a 
high probability of vertical transfer through the water column, since deep-sea predators tend to 
stay deep and do not typically migrate long vertical distances. However, there is a potential for 
transfer of PCBs from these predators to humans via direct consumption of market fish caught by 
commercial fisheries. The sablefish, or black cod (Anoplopoma fimbria), represents the one such 
example found to still be an active fishery in the waters off of Southern California. 



2.4.3. Selection of Assessment Endpoints 
An assessment endpoint is defined by the following characteristics: 



• a component of the ecosystem that may be impacted by the stressors of concern, 
• has high ecological or societal value, and 
• represents a component of the ecosystem that can be protected. 



Generally considered to symbolize valued environmental conditions or processes, assessment 
endpoints often cannot be directly quantified. Instead, data on exposure levels and information 
that relates the exposure to the ability to cause effects to the assessment endpoint are needed to 
perform the risk assessment (USEPA, 1998a). In order to relate exposure levels to the assessment 
endpoint, “receptors of concern” must be identified to develop measures of exposure and 
measures of effects (previously, but still occasionally referred to as “measurement endpoints”) 
that will define the Analysis Plan. By being representative components of the assessment 
endpoint, receptors of concern are species (or communities of species) that can be directly 
assessed at the site, measured under laboratory conditions, or used to develop toxicological 
thresholds (e.g., benchmark effects-concentrations from the literature). Because risks to the 
assessment endpoints are deduced from the results obtained from measures of exposure and 
effects, it is necessary to evaluate the uncertainties associated with the measures and appraise 
their ability to infer harm to the assessment endpoints. 



Based on the exposure characteristics and pathways discussed previously, the following biotic 
communities were selected as “assessment endpoints,” each represented by a receptor box (three 
primary plus one food chain receptor) in the Site Conceptual Model (Figure 2-16). 



• Benthic infaunal invertebrates of the benthic community 
• Epibenthic invertebrates of the epibenthic community 
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• Demersal scavenging and predatory fish of the deep pelagic community (Supplement I) 
• Human populations consuming predatory fish (Supplement II) 



2.4.4. Analysis Plan 
Following the development of the Conceptual Model and Selection of Assessment Endpoints, the 
last major step remaining in the Problem Formulation Phase of Ecological Risk Assessment was 
development of the Analysis Plan. This plan represented the basis for the sampling and analysis 
design, including the temporal and spatial distribution of projected field sampling, the methods 
that would be used to collect, preserve, and analyze samples for physical, chemical, and 
biological characteristics, and finally the protocols for laboratory experiments that would 
measure responses of standard test organisms not obtained from the field. 



2.4.4.1. From Assessment Endpoints to Measures of Exposure and Effects 
The first critical step in developing an Analysis Plan was to provide the rationale for the 
sampling and analysis design by selecting Measures of Exposure and Measures of Effects 
(formerly referred to collectively as “measurement endpoints) that could be directly linked to the 
Assessment Endpoints. 



Table 2-7 presents the thought process adopted in this ERA to proceed from Assessment 
Endpoints to Receptors of Concern and finally to Measures of Exposure and Measures of 
Effects. It is important to note that the sampling design evolved from conception (i.e., 
development of the analysis plan) through the numerous field collection efforts made during a 
two-year period, forcing a modified sampling design with reduced spatial coverage and 
replacement of target species with surrogates. The most important factors that dictated this 
evolution were: 



• The bottom sediment in some areas proved to be difficult to sample due to the presence 
of hard, phosphated calcium nodules, requiring engineering re-design of sampling 
equipment; and 



• Inclement weather and equipment problems, which adversely impacted sampling 
opportunities. 



For the Benthic Community, Receptors of Concern were represented by surrogate species 
typically used in environmental bioassays to measure exposure and effects from contaminated 
sediments to organisms. These included one amphipod (sediment-burrowing crustacean), two 
species of polychaetes (sediment-dwelling worms), and one clam (sediment-dwelling bivalve). 



Because initial scoping efforts resulted in the discovery of a commercial sablefish fishery in the 
vicinity and depth of the ex-AGERHOLM, it became necessary to investigate the potential for 
food chain transfer of PCBs from the ex-AGERHOM to humans via this species. Sablefish or 
Anoplopoma fimbria (Pallas, 1814), also known as black cod or butterfish (Fishbase 2002a, 
Patterson et al. 2001), are important members of the deep sea community. They are found on soft 
ocean bottoms in deep water from the Bering Sea to Baja California (OTP 2002), and are 
generally prized as a food fish because of their high oil content and exceptional flavor (NOAA 
2002). Occupying a niche relatively high on the food chain with a trophic level of 3.4 – 4.3 
(Fishbase 2002b), sablefish feed on fishes, worms, and crustaceans. Characteristics of Sablefish 
that make them a suitable species for evaluating higher food chain effects include the following: 
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• Sablefish prefer to inhabit depths near the ocean bottom (demersal), and can be found at 
the depth of the ex-AGERHOLM; 



• Sablefish feed on the bottom, consuming detritus and/or benthic epi/infauna; 
• Sablefish have a high lipid content relative to other deep-sea fish, and when exposed to 



persistent organics like PCBs, the chemicals are expected to bioaccumulate by 
partitioning to lipids; 



• For their size, Sablefish have been observed to be generally non-migratory and have 
moderate (on the order of 50 km to 50 nm) habitat ranges. Some observations have noted 
a tendency for territorial or residential behavior; 



• Sablefish have been commercially harvested in offshore waters of California since 1915 
or earlier; and 



• PCBs have been detected in sablefish from the Pacific Ocean at concentrations higher 
than in many other sampled organisms. 
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Table 2-7. Development of measures of exposure and effects from assessment endpoints and receptors of concern. 



Assessment Endpoint Receptors of Concern Measures of Exposure Measures of Effects 



invertebrates of the 
benthic/epibenthic 
community and entry point 
to larger pelagic food chain 



(1)amphipod (Rhepoxynius 
abronius) 
(2) polychaetes (Nephtys caecoides 
for exposure; Neanthes 
arenaceodentata for Effects) 
(3) clam (Macoma nasuta)  



(1) Tissue concentrations of PCBs, metals, 
and PAHs in surrogate clams (Macoma 
nasuta) and polychaetes (Nephtys 
caecoides), after 28-day laboratory 
exposures to SINKEX sediments. 
(2) Sediment concentrations of PCBs, 
metals, and PAHs. 



(1) 10-day acute toxicity test (survival & 
reburial) on surrogate amphipods 
(Rhepoxynius abronius), exposed to SINKEX 
site and reference site sediments. 
(2) 28-day chronic toxicity test (growth and 
survival) on surrogate polychaetes 
(Neanthes arenaceodentata), exposed to 
SINKEX site and reference sediments. 



Scavenging, demersal, and 
predatory fish in pelagic 
community 



Sablefish/Black Cod (as primary 
consumer of contaminated 
sediment/water). 



(1) Tissue concentrations of PCBs 
(2) Water column concentrations 



Estimation from exposure 



humans  Sablefish/Black Cod (representing 
step in food chain) 



Edible tissue (i.e. muscle) concentrations of 
PCBs 



Human Health Risk Assessment (separate 
report) 



Notes: 



(1) Efforts were made during several cruises to capture epibenthic infauna, but too few specimens were collected to address quantitatively. 



(2) Because PCB exposure to ecological receptors of concern through water absorption/consumption was considered to be a far less important pathway than 
sediment ingestion, and because sampling the water column in a robust manner to be statistically valid was problematic, water sampling was a very small 
component of the Analysis Plan (a few samples were taken to see if PCBs could even be detected) and was not part of the decision matrix. However, a 
short discussion on water sampling is found in the first part of Section 3.2 (Characterization of Exposure to COCs). 
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For the reasons that made Sablefish a suitable choice as a Receptor of Concern for the Human 
(food chain) Assessment Endpoint, this organism proved to be suitable as a surrogate species for 
the Epibenthic Community and Pelagic community. For the Epibenthic Community, the original 
plan included epifaunal specimens collected on the hulk and on the sediment nearby. However, 
because numerous attempts to collect specimens resulted in too few organisms to warrant 
statistical comparisons, the decision was made to use the sablefish as a surrogate indicator of 
epifaunal contamination as the first step in the epifaunal food chain (a predator of these 
organisms, and likely to forage in the same territory over long periods of time). 



2.4.4.2. Overall Technical Approach 
From the above Measures of Exposure and Effects, a Decision Matrix and resulting Lines of 
Evidence were formulated. As explained in the Introduction, the overall technical approach 
meets USEPA and Army Corps of Engineers requirements (referred to as the “Green Book” for 
simplicity) for the investigation of potentially contaminated sediments, prior to ocean disposal 
(USEPA/USACE, 1991). However, the approach also fits into the framework of the EPA’s 
Ecological Risk Assessment, exemplified by the prior discussion and logical progression and 
selection of ecological values, receptors, and assessment/measurement endpoints (USEPA, 
1992). Consequently, the Decision Matrix and corresponding Lines of Evidence, from which the 
sampling and analysis designs were constructed, reflected the integration of these two guiding 
programs. 



Four guiding principles were used in the overall technical approach: 



5. A standard two-site hypothesis design, employing an experimental site (“ship”) vs. a 
reference site (“site distant from the ship but in similar deep ocean environment”), as 
typically used in environmental studies; 



6. Statistical power of replication within each data set was achieved with multiple sediment 
stations along the perimeters of an “inner” ship ring (Inner Ring) and an “outer” reference 
ring (Outer Ring). All stations on a ring were to be considered as a single station for 
statistical purposes. 



7. A weight of Evidence Approach in considering multiple Lines of Evidence, as typically 
done in ERAs and in sediment studies under the Green Book (e.g., Sediment Quality 
Triad); and 



8. Emphasis on a Decision Matrix using the Green Book ocean disposal approach (e.g., 
toxicity testing which follows those protocols), in accordance with USEPA Office of 
Water guidance provided prior to development of the sampling plan. 



The null hypothesis addressed by this investigation is: There is no significant difference between 
the Inner Ring (Ring 1) and the Outer Ring (Ring 4) in the primary lines of evidence for 
chemical concentrations in sediment or tissue, or for adverse effects levels in acute and chronic 
toxicity tests.  



2.4.4.3. Sampling Design 
Given the above null hypothesis, the sampling design was intended to assist in answering the 
following questions: 



• Are the sediments near the ex-AGERHOLM statistically elevated for PCBs, metals, or 
PAHs, when compared to the reference site? 
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• Are the sediments near the ex-AGERHOLM toxic to marine life? 
• Do marine life bioaccumulate contaminants from the sediments collected near the ex-



AGERHOLM in amounts greater than the reference site? 
• Are there elevated levels of contaminants in demersal fishes collected near the ex-



AGERHOLM compared to the reference site? 
This study design was to be based on sediment and tissue chemistry, toxicity, bioaccumulation, 
and limited benthic community analysis. It was initially thought that enough benthic infauna data 
could be collected, within reasonable cost constraints, to provide adequate statistical 
comparisons in community structure or function for evaluating benthic community impacts. This 
aspect of the sampling plan was revised prior to the at-sea sampling effort, because the “natural” 
benthic community of the area was not well understood. Lacking site specific information on 
community variability it was determined that the number of samples necessary to develop 
appropriate statistical treatment was not possible, and what limited sampling that could be 
accomplished could not be effectively used to test differences between rings. However, data on 
the benthic community was assessed to provide a general physical and ecological description of 
the site environment, evaluate potential pathways for food chain accumulation and to obtain 
basic knowledge of representative infauna organisms in the sample area. For these reasons, 
benthic community analyses are not entered in Table 2-7. 



The initial sediment sampling strategy consisted of four concentric sampling rings radiating 
outward from the ship (Figure 2-17). Sampling difficulties during the first several cruises 
(mentioned earlier in this section, see Methods Section 2.5 for more details) precluded sampling 
all stations at all rings. The sampling design was simplified to a single Inner Ring close to the 
ship (Figure 2-18) representing conditions at the ship site, and an Outer Ring 1000 meters from 
the ship representing “reference” conditions (Figure 2-19). Table 2-8 lists all sampling locations 
including sediment stations, oceanographic monitoring stations, sediment traps and fish traps. 
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Figure 2-17. Initial sampling plan. 
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Figure 2-18. Final sampling plan, Inner Ring. 



 



Figure 2-19. Final sampling plan, Outer Ring. 



 



2 ADCP (deployment 2)



1 ADCP (deployment 1)



Sediment rate sampler



Outer ring fish trap



Inner ring sampling



Outer ring sample station



(not to scale)



NE



SESW



NW



N



E



S



W



Sediment rate samplers deployed at 720 ft (N), 1000 ft (NE), 530 ft (S), and 580 ft (W) from the hulk.
ADCP deployment ranges were 690 ft (deployment 1) and 580 ft (deployment 2) from the hulk.



were 



15%
Downslope



1.2 km
1.0 km



.94 km



1.0 km



1.0 km
.97 km



1.0 km



.92 km
1.0 km



4.0 nm4.0 nm



3.6 nm



3.8
 nm



4-5



4-3 4-3.1



4-2



4-1
4-8



4-6



4-7



4-4



1



2



Inner ring sample station



Inner ring fish trap



GPS waypoint
(not to scale)



NE



SESW



NW



N



E



S



W



1-6 1-5 1-4



1-1 1-2
1-3



1-3.5



1-7



1-8



1-5/6/7
30 ft



45 ft



S4 current meter
(6 ft from bottom)











 2-65



Table 2-8. Sample locations. 



SITE NAME X COORDINATE(°) Y COORDINATE(°) Z COORDINATE (m) SITE AS OF 
Distance from 



hulk (ft)* 



Station 1-1 -119.593274 32.756996 -846 18.Sep.98 6 
Station 1-2 -119.593058 32.756988 -838 18.Sep.98 9 
Station 1-3 -119.59276 32.756951 -834 18.Sep.98 12 



Station 1-3.5 -119.592729 32.756937 -824 17.Nov.99 8 
Station 1-4 -119.592758 32.756839 -842 18.Sep.98 6 
Station 1-5 -119.593051 32.756833 -838 18.Sep.98 8 



Station 1-5/6/7** -119.5933 32.756791 -834 17.Nov.99 15 
Station 1-6 -119.593272 32.756827 -838 18.Sep.98 28 
Station 1-7 -119.593564 32.756813 -830 18.Sep.98 45 
Station 1-8 -119.593544 32.757009 -835 18.Sep.98 32 
Station 4-1 -119.592994 32.765967 -1143 01.Nov.99 3290 
Station 4-2 -119.585617 32.762117 -1006 03.Aug.97 3010 
Station 4-3 -119.582293 32.757043 -975 03.Aug.97 3330 



Station 4-3.1 -119.580312 32.757495 -985 01.Nov.99 3960 
Station 4-4 -119.585417 32.750433 -808 01.Nov.99 3330 
Station 4-5 -119.593007 32.747821 -739 04.Aug.97 3330 
Station 4-6 -119.600484 32.750609 -580 18.Sep.98 3170 
Station 4-7 -119.603678 32.757183 -727 01.Nov.99 3270 
Station 4-8 -119.600542 32.76321 -892 01.Nov.99 3280 



S4 Current Meter -119.592668 32.75673 -780 15.Nov.99 50 
ADCP First Deployment -119.591412 32.758092 -855 04.Aug.97 690 



ADCP Second Deployment -119.594292 32.755788 -800 15.Nov.99 580 
Starboard Bow Fish Trap -119.592755 32.756848 -843 15.Sep.98 5 



East Fish Trap -119.51395 32.756816 -1363 15.Nov.99 24300 
Port Stern Fish Trap -119.593525 32.757057 -821 15.Nov.99 20 



Starboard Stern Fish Trap -119.593488 32.756797 -821 15.Nov.99 35 
Northwest Fish Trap -119.6264 32.80828333 -1297 15.Nov.99 21870 
Southwest Fish Trap -119.646 32.71183 -707 15.Nov.99 23090 



Portside Amidships Fish Trap -119.592944 32.75701 -814 15.Sep.98 20 
Rear Fish Trap -119.59354 32.756879 -900 17.Nov.99 10 
West Fish Trap -119.671845 32.75718833 -771 17.Nov.99 24300 



East Sediment Trap -119.589982 32.757793 -860 04.Aug.97 1000 
North Sediment Trap -119.592448 32.758813 -823 04.Aug.97 740 
South Sediment Trap -119.592778 32.755485 -790 04.Aug.97 530 
West Sediment Trap -119.595008 32.75709 -810 04.Aug.97 630 



ex-AGERHOLM Center -119.593028 32.756901 -832 04.Aug.97 N/A 
ex-AGERHOLM Over 



Starboard Bridge Wing -119.5930217 32.75689 -828 15.Nov.99 N/A 
ex-AGERHOLM Over Bow -119.5926583 32.75687333 -834 15.Nov.99 N/A 
ex-AGERHOLM Over Pilot 



House -119.5930117 32.7569 -825 15.Nov.99 N/A 
ex-AGERHOLM Near Stern -119.59347 32.75689 -807 15.Nov.99 N/A 



ex-AGERHOLM Next to 
Turret -119.5929683 32.75687333 -834 15.Nov.99 N/A 



* if <1km, distance from hulk; if ≥1km, distance from centroid of hulk. **Station 1-5/6/7 was selected to revisit suspect samples at 
Station 1-6 which had been collected on a previous sampling effort. Due to extreme heterogeneity, it is considered distinct. 
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2.4.4.4. Decision Matrix 
Decision matrices were developed a priori to represent possible outcomes and conclusions that 
could be derived from the data, with the knowledge that the magnitude of toxicity and 
bioaccumulation, as well as other factors, would greatly influence the decision process. The 
decision matrices were to be used to evaluate the weight of evidence and characterize ecological 
risk for the SINKEX Ecological Risk Assessment (ERA). The decision matrix developed (Table 
2-9) outlines risk criteria for various outcomes from inference tests. For example, a “+” would 
occur in a test when there is a statistically significant and unfavorable (i.e., indicating risk) 
difference between the Inner Ring and Outer Ring Reference stations. Conversely, a “-” would 
indicate that the average Inner Ring measurements were not different than the average value 
measured for the Outer Ring. The matrices only show those outcomes that are reasonably 
expected. For example, it is assumed that significant infaunal tissue bioaccumulation will not 
occur in the absence of significantly elevated sediment chemistry. Significant effects related to 
either toxicity or bioaccumulation in samples from the Inner Ring would be assumed to be from 
the hulk, in the absence of any other causal agent at the study site. The final matrix shows six 
possible risk outcomes. Since ecological risk is better determined through direct measurement of 
ecological and biological effects, more weight would be given to toxicity, and laboratory 
bioaccumulation than to sediment chemistry. Furthermore, results from the benthic community 
study were not to be used to affect the risk result displayed in the matrix. These data were to be 
used to support additional studies such as food chain contaminant transfer and human health 
risks (i.e., biomagnification potential). Note that Sablefish was not included in the Decision 
Matrix, because its consideration in the overall study - first for human health and later for 
supplementary ecological risk data – occurred after development of this Decision Matrix.  



Table 2-9. Decision matrix for sediment data. 



Outcome 
Number 



Sediment 
Chemistry 



Acute/Chronic 
Toxicity 



Laboratory 
Bioaccumulation 



Benthic 
Community 



Risk 



1 – – – ± None 
2 + – – ± None 
3 – + – ± Potential Local 
4 + + – ± Probable Local 
5 + – + ± Potential Food 



Chain 
6 + + + ± Probable Local 



and Potential 
Food Chain 



+ Significant unfavorable difference for Inner Ring for any endpoints measured. 
– No significant unfavorable difference for Inner Ring for endpoints measured. 
± No effect on decision. 



 
The simplest risk determinations to explain are the first and last ones with respect to chemistry, 
acute toxicity and laboratory bioaccumulation from sediment data. Negative findings for all 
categories (Outcome 1) would indicate that there is no likely risk, and no reason to assume that 
the ship has had an adverse impact on the deep-water environment. Positive findings in all 
categories (Outcome 6) would indicate that there is a probable risk to the deep-water 
environment and a potential food chain risk associated with the sunken ship. 
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The middle four risk determinations (Outcomes 2-5) are increasingly subject to interpretation 
because they each involve disparate outcomes among the measures of exposure and effects. For 
Outcome 2, elevated chemistry data alone would not indicate risk from sinking ships because 
sediment chemistry receives less weight than the combined measures of effects (as explained 
previously); and in the absence of toxicity or bioaccumulation, there is no reason to assume risk. 



A positive toxicity result combined with negative results from sediment chemistry and 
bioaccumulation (Outcome 3) would indicate a potential localized risk. However, the source 
characterization efforts resulted in selection of the most likely toxic constituents for 
measurement; thus, it is unlikely that toxicity would be caused by the presence of the hulk 
without a concurrent elevation of corresponding sediment chemistry values. Nevertheless, other 
parameters which can affect toxicity testing, such as grain size and TOC, were also measured to 
provide additional data for consideration. 



If the data were to result in conflicting results (Outcomes 4 and 5), the conclusion about risk is 
more difficult to make. With respect to Outcome 4, there is positive chemistry and toxicity, but 
the evidence does not indicate a bioaccumulation problem. Thus, the only apparent effect would 
be toxicity, localized in the vicinity of the hulk and the weight of the two positive results 
indicates a risk determination of a probable local effect. For Outcome 5, positive 
bioaccumulation results coupled with positive chemistry indicates a probable transfer of 
contaminants to higher trophic organisms. In both cases, there is enough potential for effects to 
ecological receptors to warrant further discussions of risk management options between the Navy 
and EPA. It may be determined that additional data is required to resolve the conflicting 
outcomes in this case. 



Best professional judgment will always be taken into consideration. The relative strengths of 
each of the statistical outcomes (i.e., + or –) will vary and should be considered. Additionally, 
the magnitude of toxicity or bioaccumulation observed could greatly affect the final risk 
determination. 



Finally, best professional judgment also is significant when discussing study findings that are 
difficult to address in statistical testing. Examples are: 



• Possible confounding variables not considered in designing the study, but are only 
discovered during the course of data collection and/or analysis, 



• Mitigating factors related to bioavailability as determined from normalizing 
measurements (grain size, TOC, etc.), taking into account currents and mixing zones, and 



• Uncertainties created by errors in sampling, analysis, or other data collection activities. 



2.5. Materials and Methods 
2.5.1. Search Operations 
Dedicated search operations were conducted in two separate cruises [insert cruises & years] to 
find a suitable sunken vessel at approximately 6000 ft depth, long before the ex-AGERHOLM 
was opportunistically discovered by the Navy research submarine. This was a more difficult task 
than anticipated. In any situation involving locating an object in the deep ocean, it is imperative 
that good positional data be available (i.e. latitude/longitude/depth) that can be related to the time 
of sinking. Unfortunately, that information was not adequately determined or archived in the 
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case of SINKEX vessels sunk prior to 1990. Therefore, this effort required extensive 
investigation into the historical details of a number of particular target exercises and subsequent 
sinkings. Additional evaluation was necessary to determine the confidence one would have in 
recorded positional information, as well as the characteristics of a selected site making it 
amenable for deep-ocean survey and sampling. After considerable effort, three primary targets 
were selected based on the following criteria: time on the bottom, confidence in positional data, 
depth in the vicinity of sinking, bottom topography, representativeness of vessel type to typical 
sinking operations, and information on probable PCB content. Two separate cruises were 
mounted using the latest side scan sonar technology to search deep ocean areas in the vicinities 
where the sinkings occurred off the Southern California coast. The searches centered on the best-
estimated positions of the ex-HIGBEE and the ex-BAUSELL, both WWII era destroyers 
selected as the best candidate vessels for study. Neither vessel was located, however, a third 
candidate hulk (ex-AGERHOLM), which had been sunk since 1982, was located in July of 1996 
by the USS DOLPHIN. The crew of this research submarine subsequently provided photography 
and videography to positively identify the hulk. 



2.5.2. Overview of Sampling Efforts 
Sampling operations were executed during five oceanographic cruises to the ex-AGERHOLM 
site. The study design was constrained due to difficulties in sample collection. The study site is, 
deep, the wreckage was hazardous, and the native sediments were phosphatized into a 
heterogeneous matrix consisting of soft sediment and hard nodules that was not amenable for 
typical sediment sampling devices (e.g., a large oceanographic boxcore). After encountering the 
unusual substrate during Cruise I, it was determined that an ROV would be more successful 
collecting Ring 1 sediment samples directly adjacent to the ship. The use of ROV technology 
coupled with development of an innovative sampler resulted in a successful Cruise II. However, 
due to decreased efficiency in using the ROV, new methods and equipment were developed in an 
attempt to collect samples more rapidly on Rings 2, 3 and 4. This follow-on effort held promise 
as an improvement, however it was determined that an unacceptable amount of further 
development was required to be successful. As a result, sampling methods returned to the ROV 
operations and focused only on Ring 4 during Cruises IV and V. 



Sampling focused on six areas of interest: 



1. Sediment (chemical, physical, toxicological, bioaccumulation, and benthic community) 
2. Sedimentation rate (Deployment and retrieval of long term samplers) 
3. Oceanographic Currents (RD Instruments ADCP and InterOcean S-4 current meters) 
4. Bioaccumulation (demersal fishes and crabs caught with fish traps) 
5. Water (discrete samples with Niskin bottles and profiles with Seabird SBE-19) 
6. Video reconnaissance of the sunken hulk and the surrounding bottom environment 



For the successful sampling efforts, the following groups supported SSC-SD in the field: 



• Submarine Development Squadron Five (SDS-5)/Deep Submergence Unit (DSU) 
• MEC Analytical Systems, Inc. (MEC) 
• Arthur D. Little, Inc. (ADL) 
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Submarine Development Squadron Five (SDS-5)/Deep Submergence Unit (DSU) provided field 
sampling support, specifically for the operation of the Remotely Operated Vehicles (ROVs). 
Support included boxcores for ±3 meter sampling accuracy and the actual recovery of sediment 
from the ocean floor immediately surrounding the hulk. Sub-sampling of sediment for physical 
measurements, bioassays, and benthic community analysis was performed by MEC. Arthur D. 
Little, Inc. performed sub-sampling of sediment and tissue for trace-level chemical analyses.  



Cruises I and III utilized vessel support from Scripps Institution of Oceanography. No useful 
data was obtained from these cruises, and thus are not included in this report. 



2.5.2.1. Field Sampling Overview 
Cruises II, IV and V utilized vessel support from the Chouest group (M/V Laney Chouest Cruise 
II) and M/V Kellie Chouest (Cruise IV and V). The Deep Submergence Unit provided 
underwater operations with the ROV SCORPIO 1 for Cruise II and ROV SCORPIO 2 for 
Cruises IV and V. Twenty-four hour operations were maintained throughout the cruises. The 
satellite-based Global Positioning System (GPS) provided navigational reference. The dynamic 
positioning capability of M/V Laney Chouest and the M/V Kellie Chouest allowed the ships to 
maintain position within a ten-meter box. The SCORPIO ROVs consist of tethered, sled-
mounted ROVs with two manipulating arms, hydraulic controls, lighting systems, camera 
systems, and sonar systems (Figure 2-20). A launching crane, winch and cabling system, and 
take-up spool with Kevlar®-coated tether was used to launch and recover the SCORPIO ROVs. 
The SCORPIO ROVs were also used to deploy and retrieve fish traps and collect biological 
specimens. The water depth at the ex-AGERHOLM site is 2,750 ft (838 m), round trip wire time 
was approximately one hour (wire speed of about 92 ft/min) for each deployment. 
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Figure 2-20. The SCORPIO ROV. 



When a traditional 0.25 m2 boxcore was unable to sample the unique site sediments on Cruise I, 
multiple small (0.05 m2) boxcorers were designed and fabricated by the team for use with the 
SCORPIO ROVs. The small boxcores for chemical analysis were fabricated from stainless steel, 
and ones for bioassay analysis and benthic infauna were made from steel. These small units 
allowed a high degree of real-time control over placement of the coring devices and the ability to 
avoid large rocks that impacted the standard large boxcore. On the version used for Cruise II, a 
stainless steel cable was pulled by the manipulator arm to close the sampler door after a sample 
was collected. For Cruise IV and V, the coring devices were modified by installing gear-driven 
shafts to close the door (Figure 2-21). This design took advantage of the manipulator arms ability 
to rotate, saving time and providing a higher percentage of acceptable samples. All of the new 
boxcores were constructed with stainless steel. For locations where the substrate was too hard to 
sample by just pressuring the sampler in with the manipulator arm of the ROV, a hammering 
device was designed (Figure 2-22). The manipulator arms placed the hammering device on top 
of the boxcorer and utilized the ability to rotate to repeatedly lift and drop the hammer and drive 
the core into the substrate. This device was attempted at only one site (unsuccessfully) and all 
other grab samples were obtained without the assistance of the hammering device. Sediment 
samples collected approximately 1-2 m from the hulk were designated as Inner Ring samples 











 2-71



(Ring 1) and samples collected approximately 1,000 m from the ship were designated as Outer 
Ring samples (Ring 4). Sediment samples were collected using the ROV that utilized these small 
boxcore samplers to collect multiple samples at each sampling location. As explained previously 
in Section 2.4.4.3, samples were collected along points on these two rings, shown geographically 
in Figure 2-18 and Figure 2-19, with additional details provided in Table 2-8). 



  



Figure 2-21. Stainless steel boxcore with gear-driven 
shaft. 



Figure 2-22. Stainless steel boxcore with added 
“jackhammer” device. 



2.5.2.2. Sediment Sampling Overview 
Between September 1998 and November 1999 (SINKEX Cruises II, IV, and V), samples were 
collected along points on two rings at separate distances from the ex-AGERHOLM, as described 
above. Sediment samples collected approximately 1-2 m from the hull were designated as Inner 
Ring samples (Ring 1) and samples collected approximately 1,000 m from the ship were 
designated as Outer Ring samples (Ring 4). Sediment samples were collected using a Remotely 
Operated Vehicle (ROV) that utilized small boxcore samplers to collect multiple samples at each 
sampling location.  



Temporal differences between surveys were not considered significant and all sediment samples 
from SINKEX surveys II (September 1998), IV (September 1999) and V (November 1999) were 
considered as one data set. The null hypothesis was that there was no difference between the 
Inner and Outer Ring sediment samples. Significance criteria was p<0.05, which would suggest 
rejection of the null hypothesis. Before statistical testing was conducted the data was tested to 
determine if it fit the assumptions of the ANOVA statistical test (Table 2-11). 



When on station, the ROV was lowered over the side and monitored as it descended to the 
bottom. A pilot and copilot sat at an operations console on the ship and controlled the ROV. 
Once on the bottom the pilot guided the ROV to the sampling location. The ROV was positively 
buoyant, thus requiring upward thrusting to stay on the bottom. This reduced sediment 
disturbance compared to normal ROV operations when the ROV is negatively buoyant, and 
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thrusters aimed toward the bottom are required to levitate the ROV and significantly disturb the 
benthic sediments. 



On the initial dive at a station, a station marker was brought down by the ROV and placed on the 
bottom. Subsequent dives located samples within 20 ft of the station marker. Care was taken to 
not disturb the bottom before the samples are taken. 



After the pilot positioned the ROV at the desired sampling location, the copilot activated the 
manipulator arms of the robot. Using both cameras to guide the manipulator arm, the copilot 
picked up the coring device and placed it as gently as possible into the sediment at the desired 
sampling location. The coring device was then pushed into the sediment, with gentle rocking 
often utilized. Holding the sampler steady, the copilot reached over with the other arm, pulled 
out the safety cotter pin that kept the shovel open, and pulled the cable that drew the door closed 
(Cruise II) or turned the gear drive to close the door (Cruise IV and V). The copilot returned the 
sampler to the ROV, and repeated the process for the second and third samples. This operation 
was very tedious and time consuming due to the difficulties in penetrating the coring devices 
through the gravel and rock. Closing the sample device door was sometimes difficult due to the 
abundance of gravel and rock. When sampling was completed, the diving supervisor gave the 
command to wind in the cable and the pilot started the accent to the surface. After reaching the 
surface and the ROV was recovered back on deck, the sediment samples were inspected by the 
Principal Investigator and Duty Scientist on watch to assure that the samples were intact, 
undisturbed, and representative of the top 3 cm of the sediment. Any samples which were 
compromised, from washing out of the sampler during the transit to the surface, excessive 
mixing of the surface layer, or appear to be unrepresentative of the sediment surface were 
rejected and not used for quantitative analysis (analytical chemistry, bioassay, or infaunal 
analysis). Rejected samples were screened for qualitative analysis of biota only. 



All equipment used to collect and handle sediments was cleaned with Alconox® and rinsed with 
freshwater then site seawater prior to re-deployment. 



2.5.2.3. Boxcore Sampling Procedures 
Sediments were collected using a 0.05 m2 
surface area stainless steel box-core (23 cm 
× 23 cm × 23 cm), drawn and shown in 
Figure 2-23 and Figure 2-24, respectively. 
Cellulose-acetate-butyrate (CAB) cylinders 
(6.4 cm diameter) were used to obtain 
subsamples for profiling PCBs and age 
dating. Detailed box-core sample collection 
procedures are described below. Procedures 
were modified in the field based on sea 
conditions and personnel safety concerns. 



Prior to sediment sampling activities, the 
boxcore will be decontaminated as follows: 



1. Wash with Alconox® and water; 



2. Rinse three times - once with tap water, twice with de-ionized water; 
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Figure 2-23. ROV boxcore sample schematic. 
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3. Rinse twice with an organic solvent (typically ethanol and hexane); 



4. Rinse three times with de-ionized water; then 



5. Cover the decontaminated boxcore with a polyethylene plastic sheet and secure until next 
deployment. 



Following retrieval of the sediment sample 
by the Remotely Operated Vehicle, the box-
core sampler was returned to the deck of the 
vessel and placed in a protected location to 
limit exposure to potential sources of 
contamination (e.g., vessel exhaust gases). 
The top of the boxcore was carefully 
removed and overlying water was siphoned 
off from the lowest corner. The physical 
condition of the sample was observed and 
reviewed by the Principal Investigator. If the 
sample was determined to be undisturbed, 
then the sample was processed. Prior to the 
removal of sediment, a photograph was 
taken of the surface to document levels of 
disturbance. 



Sediment sub-samples for chemical analysis 
were collected, as composites from the top 
three cm of the sample, with Kynar®-coated 
aluminum scoops. The scoops were built 
with three 3-cm deep sides to provide 
consistent sampling. Care was taken to avoid the sides of the boxcore during sub-sampling. 
Sediment for analysis was transferred into pre-cleaned clean borosilicate glass for organic 
chemistry and pre-cleaned HDPE plastic for metals analysis.  



Samples for PCB depth profiles and age dating analysis were collected into 6.4 cm diameter by 
23 cm long polycarbonate tubes (this was done only on selected samples). The pre-cleaned tubes 
were inserted slowly into the sediments using gentle oscillating motion to minimize disturbance 
and ensure that the core liner completely penetrated to the bottom of the boxcore. Once the liner 
was in place, the polyethylene top cap was placed immediately to minimize potential 
contamination by stack gases from the survey vessel. The sub-sample was then lifted from the 
sediment, and the bottom cap was set in place. Air space was left in the sub-sample to allow for 
expansion during freezing. The outside of the core tube was cleaned with deionized water, and 
the caps lined with Teflon® film, and then secured and sealed with electrical tape. The sub-
sample was labeled, measured, and photographed. The top of the sub-sample was marked to 
ensure that it was stored in the sample freezer in the vertical position prior to being shipped to 
ADL. 



After collection of the chemistry sub-samples, sediment for toxicity and bioaccumulation testing 
were removed from the same compartment as the sediment chemistry subsamples with the pre-
cleaned Kynar®-coated aluminum scoop and placed into clean, double-layered polyethylene 



 



Figure 2-24. Boxcore sediment sample with core tubes. 
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sample bags. These sediment sample bags were labeled, placed in polyethylene tubs and moved 
into the vessel’s refrigerated storage room at a temperature of 4 °C. A minimum sediment 
volume of 11 L was collected for toxicity and bioaccumulation testing at 14 stations. Each 
complete boxcore provided approximately 1.5 L of total subsample given a target sampling depth 
of 3.0 cm. Approximately seven small boxcores from a single station were required to provide 
sediment for toxicity and bioaccumulation tests. 



Sediments for each infaunal analysis sample were collected from one small boxcore. Sediment 
for infaunal analysis was screened through two nested sieves. The first sieve was 1 mm mesh, 
and the second was 0.5 mm mesh. A gentle spray of seawater was used to separate the sediments 
from the organisms. Infauna were carefully collected from the screens, and placed into labeled 
jars. Organisms were relaxed with magnesium sulfate in seawater for approximately 10 minutes. 
After 20 minutes, the organisms were fixed in a solution of 10 percent-buffered Formalin. Within 
14 days after collection, organisms were transferred from formalin into 70 percent ethyl alcohol 
for long-term storage and sample analysis (see Section 2.5.4.3). 



2.5.2.4. Sedimentation Rate Sampling 
The SINKEX project had a need to determine the natural sediment accumulation rates for the 
study site to determine the sediment strata most likely to contain contaminants that may have 
leached from the ex-AGERHOLM. Sedimentation rates from other areas of the Southern 
California Bight, such as the San Pedro and Santa Monica Basins, were low and ranged from 
0.49-0.82 g/m2/day for water depths between 700 and 850 m. (California Basin Studies 
summarized by Eganhouse and Venkatesan 1993). Sedimentation rates relate to the amount of 
material that potentially accumulates upon the bottom, which could bury the strata that might 
contain contaminants that leached from the target vessel (ignoring the effects of bioturbation or 
current dispersal). This section describes the results of deploying sediment flux traps at the study 
site. 



Sediment flux traps were constructed from polycarbonate clear tubing with a diameter of 5.7 cm 
and 0.85 m in length. The tubes were baffled on the open end with a 1-cm grate to minimize 
resuspension within the tubes and to prevent large organisms from entering the tubes. A concrete 
base was constructed to hold the sediment tubes and to provide stability during the deployment. 
These concrete bases were about 1 m in diameter and weighed about 85 kg. Each concrete base 
held four of the plastic tubes in the upright position placing the open end of the tube about 1.3 m 
from the sediment surface. Each settling tube was attached to the concrete base with a nylon clip 
attached to a large stainless steel spring allowing the settling tube to be bent over without 
breaking with the spring capable of returning and maintaining the settling tube in the upright 
position. Four sediment trap arrays, each containing four sediment tubes for a total of 16 tubes 
were built and deployed. Sediment traps were deployed during SINKEX Cruise I on August 4, 
1997, and retrieved during Cruise II (September 8-17, 1998). The location and depth of each 
deployment site is noted in Table 2-8, and can be seen in Figure 2-25. Upon retrieval the tubes 
and their contents were preserved with 5% buffered formalin for later laboratory analysis. In the 
laboratory the total suspended solids (TSS) and total volatile solids (TVS) were determined using 
standard methods. TSS was determined for each settling tube by filtering through a weighed 0.5-
micron glass filter and then dried at 103 °C. The filters were then cooled and reweighed, the 
difference between the filter weights is the amount of solids larger than 0.5 microns retained on 
the filter. The next step was to take the filters with the retained solids and place them in a muffle 
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furnace at 550 degrees centigrade for 24 hours. This heating step incinerates the organic material, 
which is driven off as CO2 and water vapor. The filters were then again cooled and reweighed 
allowing determination of the proportion of solids burned off as total volatile solids (TVS). The 
remaining material is an indication of total suspended solid accumulated as particulate “rainfall” 
over a 13-month period for a specified area in the vicinity of the ex-AGERHOLM. The 
laboratory results were converted from the diameter of the settling tubes to values/m2 using a 
scaling factor of 392. 



Figure 2-25. Location of Sedimentation Rate Traps and Acoustic Doppler Current Profilers, relative to the 
Outer Ring of Sediment stations 1 km away from the ex-AGERHOLM (marked by anchor). 



Additionally, samples from eight 6 cm x 30 cm sediment cores were analyzed by gamma 
spectroscopy to obtain sediment geochronologies. Sedimentation rates were calculated using 
vertical profiles for “excess Lead-210” from each core. Lead-210 (210Pb) is a naturally occurring 
decay product of Uranium-238 (238U) with a half-life of 22.3 years. “Excess 210Pb” is transferred 
to the oceans when the daughter radionuclide Radon-222 (222Rn), a gas with a half-life of only 
3.8 days, escapes into atmosphere from the land. The 222Rn decays quickly to 210Pb in the 
atmosphere and rains out into the oceans to be scavenged by particles and carried to the seafloor. 
The “excess 210Pb” that is carried to the seafloor via the atmosphere decays to non-detectable 
levels in the sediment column over 4-5 half-lives, about 100 years. 



In addition to the atmospheric source of 210Pb, this isotope also is generated in the sediment 
column from the decay of Radium-226 (226Ra). The 210Pb formed in the sediment from the in situ 
decay of 226Ra is referred to as “supported 210Pb” (versus the “excess 210Pb” from atmospheric 
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deposition). The amount of “excess 210Pb” in a sediment sample is determined by measuring the 
total 210Pb activity of the sample as well as the activity of 226Ra, and then subtracting the activity 
of the “supported 210Pb” (i.e., the 226Ra activity) from the total 210Pb. Once “excess 210Pb” is 
buried in the sediment, its activity decreases over time by radioactive decay. Each halving of the 
activity of “excess 210Pb represents a period of 22.3 years. Sediment accumulation rates can be 
calculated from the “excess 210Pb” profile. In general, this technique can be used over a range of 
4-5 half-lives (i.e., 90-110 years). 



Secondary validation of sediment ages determined by the “excess 210Pb” technique is preferred 
when possible. The fission-produced radionuclide Cesium-137 (137Cs) has been used for this 
purpose in lacustrine, estuarine and shallow marine systems. However, 137Cs is not commonly 
detected in deep sea environments. 



Age dating of sediments using 137Cs is based on known patterns of atmospheric fallout of this 
particle-reactive element. Cesium-137 is a radioactive isotope of Cs that is produced from fission 
of Uranium-235 (235U). The half-life of the isotope is 30.1 years. Cesium-137 was first injected 
into the atmosphere during the testing of nuclear weapons in the early 1950s, and was not present 
on Earth before that time. When 137Cs reaches the surface of the Earth as fallout, it is readily 
adsorbed onto sediment particles. Cesium-137 was first detected as fallout in 1954 and the peak 
fallout concentrations occurred in 1963. Thus, when viewing a vertical profile for 137Cs in a 
sediment core, the depth just below where no 137Cs can be detected is assumed to represent 
sediments deposited circa 1950 and the sediment depth of maximum 137Cs activity is assumed to 
represent 1963. The thickness of the sediment layer above the 1963 and 1950 horizons can be 
used to determine sediment accumulation rates and assign approximate ages to different layers in 
the sediment core. 



Because physical and biological processes can mix sediment layers, especially in the top 5-10 
cm, use of two isotopes can help deconvolute mixing processes that would be more difficult to 
resolve with data for only one isotope. A variety of mixing models using data for both 137Cs and 
“excess 210Pb” are used to carry out this process. 



Determination of the activities of 210Pb, 226Ra and 137Cs was made by gamma spectroscopy. 
About 6 g of sediment from each 0.5-cm thick layer of the sediment core was placed in a 2-cm 
diameter, 5-cm long polystyrene vial. A rubber stopper was placed in the vial and sealed in place 
with two-part epoxy to prevent leakage of 222Rn and disruption of secular equilibrium between 
226Ra and 210Pb. The sample was set aside for three to four weeks to establish secular equilibrium 
and then the activities of the various radionuclides were determined by counting. 



The sealed plastic vial was placed in an intrinsic Germanium (Ge) well-detector constructed by 
Princeton Gamma Tech and counted for two to three days or until sufficient counts of the 
pertinent radionuclides are obtained. The following peaks were monitored: Lead-210 (210Pb) at 
46.5 kilo-electron volts (KeV), Lead-214 (214Pb) at 295.2 KeV and 351.9 KeV, Bismuth-214 
(214Bi) at 609.3 KeV, and Cesium-137 (137Cs) at 661.6 KeV. The following daughter isotopes 
were used to determine the activity of 226Ra: 214Pb at 295.2 KeV and 351.9 KeV, and 214Bi at 
609.3 KeV. Detector efficiency and counting accuracy were standardized using standard 
reference river sediment 4350B from the U.S. National Institute of Technology and Standards 
and other sediment samples made available by the International Atomic Energy Agency (IAEA). 
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2.5.3. Details of Sampling Operations 
Summaries of the individual SINKEX Cruises I through V are presented in the following sub-
sections. 



2.5.3.1. Initial Sampling Attempt (Cruise I) 
During 1997, preparations were made to sample near the ex-AGERHOLM. This included 
preparation of a detailed sampling plan and the establishment of a peer review committee. The 
committee consisted of experts in the areas of ocean sediment/infaunal sampling, bioassay 
protocols, PCBs in the marine environment, sediment quality guidelines, and sampling design. 
Recommendations from this committee were reviewed, with the majority being incorporated into 
the workplan. The initial sampling approach was to employ a 0.25 square meter “large boxcore” 
coupled with a positioning “control vehicle” (launched and recovered from an oceanographic 
research vessel) to obtain intact sediment samples in a series of concentric rings expanding 
outward from the hulk (Figure 2-17). After recovery on deck, these boxcore sediments were to 
be subsampled for chemistry, age dating, bioassay material and benthic infaunal information. 
Thirty-two stations were to be sampled with two boxcore drops per station, in a period of twelve 
days supported by 24-hour operations. Sampling commenced on July 31, 1997 and continued 
until the 6th of August with eight sediment boxcores out of 30 attempts being successfully 
recovered on deck. However, only one (the first) could be certified as having maintained its 
integrity from the time it was sampled to the time that it was ready to be subsampled. Three 
sablefish were also collected from the vicinity of the hulk via long-line rod and reel 
(opportunistic sampling). Four sediment deposition rate collection devices and one acoustic 
Doppler current profiler (ADCP) were deployed in the vicinity of the hulk. 



The primary issues leading to the failure of the majority of the large sediment boxcore/control 
vehicle sampling efforts were (in order of importance): 



1. The sampling sites contained consolidated material (rock) that prevented the boxcore 
shovel from sealing against the box of the sampler, thus causing a partial or full washout 
of most of the sediment samples from the boxcore before it was recovered on deck. 



2. Inclement weather and sea state reduced the number of operational days. Weather 
conditions varied between a Sea State 3, (a moderate sea, waves 3-5 ft, crests beginning 
to break, wind gentle to moderate 7-15 kts) and a Sea State 4, (a rough sea, moderate 
waves 5-8 ft, many white caps, some spray, wind moderate to strong breeze 14-27 kts). 
At no time during the sampling interval were the seas calm. Additionally, an intermittent 
10-15 ft swell was experienced during the time on station. Sea State 4 represented both 
the planned and actual edge of the operating envelope for the safe launch and recovery of 
the sampling equipment. Sea state also affected station-keeping since the vessel being 
used had no dynamic positioning (automatic station keeping) capability, and was thus 
unable to hold station long enough to eliminate the catenary in the cable attached to the 
boxcore. 



3. Finally, the effort was terminated due to the failure of the ship’s primary over-the-side 
equipment-handling crane that had been operating close to its maximum load and 
extension capability for the entire week. 



Following the initial and aborted sampling opportunity, it was deemed unlikely that using the 
available state-of-the-art large boxcore sampling methodology would result in usable samples on 
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the Inner Ring (within 3 meters of the hulk), primarily because of sampler placement problems. 
It was also considered unlikely that undisturbed samples, whether near or far away from the ship, 
would be recoverable using traditional large boxcore sampling methodology, primarily because 
of the heterogeneous bottom sediment and the attendant boxcore washout issue. 



After a thorough technology assessment, it was concluded that adequate sampling technology 
was not available to allow the collection of undisturbed samples at this specific site. Specifically, 
it appeared that due to the nature of the bottom sediments near the ex-AGERHOLM, traditional 
techniques to bring intact sediment samples to the surface without compromising further 
subsampling did not exist for this site. It was decided to abandon the conventional boxcore 
technology and to handle the sampling issue with a two-pronged sampler approach. 



The two-pronged effort was selected as the best means to obtain samples next to the ship (near 
field) and far from the ship (far field). For the near field samples, methodology was developed to 
use Remotely Operated Vehicle (ROV) technology and a set of small 9-liter boxcore samplers, 
with the assistance of a video data link, cameras and lights. For the far field samples, an 
innovative piston sampler was designed to be deployed via a standard surface vessel/over-the-
stern (A-frame) method. 



During the first effort, the assets of the Navy’s Deep Submergence Unit (DSU) were scheduled 
to support the ROV work. A prototype design for the near field sampling effort was selected in 
June 1998. Fifteen 9-liter boxcore samplers were constructed and included in the ROV 
SCORPIO suite of tools. The next available sampling opportunity, 5-18 September 1998, utilized 
the M/V LANEY CHOUEST as the sampling platform. This near field sampling effort was 
planned to obtain sediment samples within 3 meters of the ex-AGERHOLM hull at eight 
different locations around its periphery (the Inner Ring, Figure 2-18). Additional cruise 
objectives included recovery of the ADCP and the sedimentation rate samplers. Current and 
sedimentation rate data would be used to further define the site characteristics and would be an 
instrumental part of the post-cruise analysis. 



For the second effort, a prototype piston sampler was designed and constructed by the Marine 
Physical Laboratory (MPL), the primary field support facility at Scripps Institution of 
Oceanography (SIO), for the far field sampling effort. This sampler completed prototype testing 
at the SIO pier; and a group of three of these piston samplers were constructed as a unit to 
support sediment field testing/sampling in the vicinity of the ex-AGERHOLM. 



2.5.3.2. Field Sampling Cruise II 
The second sampling attempt was conducted 5-18 September 1998 onboard the M/V LANEY 
CHOUEST in company with the Navy’s Deep Submergence Unit (DSU) and the Remotely 
Operated Vehicle (ROV) SCORPIO. The weather was generally much more accommodating 
than during Cruise I and effected operations for only two out of the 11 days on station. The 
initial launch was intended to videograph the site and to place a marker at each nominal sampling 
station. The ROV was deployed with eight station markers and was successful in placing the 
markers around the hulk as close as possible to the hull, spaced about 68-95 feet apart from one 
another. The two aft station markers (7 & 8) near the stern were about 25 ft apart. Physical 
extensions of the hulk, other protruding metal and equipment, and miscellaneous debris were 
necessarily avoided to prevent potential entanglement of the ROV. Station Marker 7 was placed 
furthest from the hulk, (starboard side, aft) approximately 41 ft from the hulk to the southwest, 
due to such interferences. Average distance to the hull for the sampling over all dives was as 
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follows: (1) port side, amidship - 9 ft (2) port side, forward break - 10 ft, (3) port side, bow - 10 
ft, (4) starboard side, bow - 8 ft, (5) starboard side, forward break - 8 ft, (6) starboard side, 
amidship - 11 ft, (7) starboard side, truncated stern - 41 ft, (8) portside, truncated stern - 13 ft. 
Station 9 (single reference station) was located 225 degrees (true) at 1 km from the position of 
the hulk. The initial video survey also located the northern Sedimentation Rate Sampler and the 
ADCP. The ADCP was subsequently recovered, data was downloaded once onboard ship, and 
the ADCP was prepared for redeployment. 



Two major adjustments were made to the mini-boxcores while at sea during the field testing 
period. Initial difficulties arose while the ROV was being used to handle the transfer cassette (a 
specially made fiberglass/metal container for six small boxcore samplers), and again while the 
ROV manipulator arms were employed to pull one boxcore from the cassette without interfering 
with the cassette’s four-point bridle. The first modification was to add Tygon® tubing around the 
bridle cable to prevent entanglement and provide easier access for the ROV arms. Continued 
operations indicated that this fix was still not satisfactory, because the ROV was still unable to 
easily extract the small boxcores from the cassette, and the method of recovering a full cassette 
turned out to be too time-consuming. A second modification was performed by cutting the 
cassette in half to allow it to hold only three boxcore samplers at one time, with an objective of 
attaching this smaller version of a cassette directly to the front of the ROV. When this alteration 
was judged to be impractical because of the anticipated problems associated with securing the 
“half” cassette to the ROV, three plastic “milk carton” containers were configured and fastened 
to allow the ROV to carry, extract and replace three small boxcore samplers during each dive. 
The cumulative effect of this alteration was that twice as many dives were needed to achieve the 
same sampling opportunity. While the cassette issues were identified as needing attention prior 
to sampling, the only option by that time was to proceed with the sampling event and attempt to 
fix the deficiencies at sea. 



In general, the ROV operations consisted of the launch of the ROV, followed by the dive and 
payout of the tether. The dive to 2,750 feet typically took 30 minutes, with the target being 
located by sonar until it was picked up visually. The ROV was then maneuvered to the sampling 
location and landed on the bottom. The ROV was ballasted so that it had a slight positive 
buoyancy during the sampling evolutions. The three samplers were then extracted sequentially 
from the improvised milk carton containers and used to obtain a sediment sample. The full 
samplers were then placed back in their respective containers for the recovery. Average time on 
the bottom was quite variable due to difficulties experienced in obtaining the samples; the 
minimum time period was approximately 15 minutes for three “easy” samples while a maximum 
period was as much as 2 hours for one to three “difficult” samples. Recovery time from the 
bottom to the surface was approximately 30 minutes. The ROV was remotely controlled by a 
pilot (responsible for “flying” the vehicle) and a co-pilot (responsible for the sonar and actual 
manipulation of the “arms”of the craft). The whole event was controlled by a watch supervisor 
who also managed the amount of tether paid out, the direction in which it was tending and the 
dynamic positioning (station keeping) of the launch vessel. Upon recovery of the ROV, the 
samplers were removed from their containers, transported to the wet laboratory, examined to 
determine if they were “intact”, and then processed for subsampling. 



The DSU operated the ROV as a “one-dot” transponder field, specifically a single transponder 
that was strapped to the back of the ROV. The transponder could then be interrogated by the 
mother ship resulting in a slant range and bearing that was converted to positional data with an 
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error of ±30 yards. However, in order to obtain an accurate navigation fix, the ROV was required 
to shut down all hydraulic systems for a period of up to several minutes, requiring that the 
vehicle have enough weight externally to hold it on the bottom. This was rarely possible for 
operational reasons, and due to the significant error associated with this approach, it was decided 
to rely on other navigational methods to obtain positional data for the sampling locations. 
Specifically, placement of the sample markers was visually correlated with a feature on the 
existing superstructure and manually plotted on a Damage Control Chart of DD 743 (ex-
SOUTHERLAND) supplied by NAVSEASYSCOM (PMS 335D). Scale dimensions from the 
chart were then utilized to determine sampling positions along the hulk. Sonar readings were 
obtained for each sample to provide distance from the hulk. 



During cruise III, it was possible to obtain an accurate position for recognizable locations on the 
horizontal deck surface of the hulk (see Cruise III, Section 2.5.3.3) via slow-scan video coupled 
with the interrogation of a 4-dot transponder field followed by integration with the mother ship’s 
GPS fix. Accordingly, with the accurate positioning of the hulk, it was then possible to convert 
all Cruise II measurements to LAT/LONG using appropriate software in order to accurately 
determinate sampling locations for the Inner Ring. 



2.5.3.2.1. Initial Dive and Sediment Round-One Sampling 
The objective of the initial dive was to retrieve sediment from a reference site from the Outer 
Ring (1 km from the hulk). This approach was intended to provide the ROV operators with the 
opportunity to manipulate the boxcores at a site remote from the hulk. The bottom at this site was 
observed to be very hard and the sampling difficult in this area. Subsequent dives to the bow of 
the ex-AGERHOLM revealed that the sediment near the hulk was more penetrable. Around-the-
clock operations began with round-one sampling (on the Inner Ring) on the second day at sea. A 
sample judged to be suitable for chemical analyses was required to exhibit an undisturbed 
water/sediment interface when examined in the wet laboratory after retrieval. Samples that were 
disturbed during the sampling process with compromise of integrity at the water/sediment 
interface were used in toxicity tests only. Round one resulted in 27 suitable samples. Sixteen 
were designated for bioassay testing, five were designated for chemical analyses, and six were 
“non-samples,” having failed due to excessive disturbance or rock interference. The principal 
investigator made the determination on all samples selected for chemistry analysis. 



2.5.3.2.2. Fish Trap Deployment 
A total of seven fish traps were used for collecting fish tissue samples. Two fish traps were set 
near the ex-AGERHOLM (within 10 feet) on the bottom near the stern of the ship on opposing 
sides (north and south of the hulk). Another set of twin traps were initially set on top of the bow 
and the last three fish traps were placed at a fish reference site bearing 330 degrees (true) from 
the hulk at 3.8 nm distance and 4,200 ft. depth. Each trap was baited with mackerel and squid 
with the intent to leave them in place for 2-3 days before retrieving them. During this period, the 
first two sediment rate samplers were retrieved (north and south). 



2.5.3.2.3. Sedimentation Rate Traps (SRTs), Acoustic Doppler Current Profiler (ADCP), 
Fish Trap Collection and Sediment Round-Two Sampling 



Once chemistry sampling at all nine stations was completed, round-two sampling commenced. 
Intermingled with the sampling of round two, three other objectives were accomplished: (1) 
retrieval of the fish traps, (2) retrieval of the remaining SRTs, and (3) the ADCP redeployment. 
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The two fish traps were recovered from the north side of the hulk, containing two black cod and 
two large crabs, then were re-baited and replaced on opposite side of the hulk. Upon recovery of 
the three reference fish traps, it was discovered that they also contained two black cod. With 
respect to the SRTs, the recovery involved a flying catch of the recovery hook on the SRTs in 
order that the bottom sediment not be disturbed. This was followed by the recovery of the ROV 
while paying out 3,000 ft of Kevlar® line attached to the SRT. The line was then detached from 
the ROV upon recovery and walked up the side of the ship to the amidships D-frame and passed 
through the block on the D-frame and then to the capstan on the Clyde winch. The Clyde winch 
was then used to heave in the attached sediment rate sampler. The last of the four sediment rate 
samplers was recovered, and the ADCP was then redeployed at a bearing of 225 degrees (true), 
186 yds from the hulk, at a depth of 2,680 ft. Round two resulted in 30 samples, with twenty-five 
samples designated for bioassay tests, one sample designated for benthic infaunal assessment, 
and the last four samples designated for chemical analyses. 



2.5.3.2.4. Fish Traps, InterOcean S4™ Current Meter and Sediment Round-Three 
Sampling 



Round three sampling began by retrieving the four fish traps near the hulk. The traps had caught 
six additional black cod and one crab. The fish traps placed on the actual structure of the hulk did 
not catch any fish. Although hagfish were observed feeding on the hulk, the general feeding 
habits of other fish and crabs were observed to occur on the ocean floor rather than on the hulk’s 
structure. Additionally, the InterOcean S4™ current sampler was deployed and placed near the 
hulk’s bow, approximately 1.5ft from the bottom. The S4™ was placed 45 ft from the anchor 
chain and 30 ft from the hulk in order to avoid magnetic interference. Finally, two fish traps were 
redeployed in an effort to obtain more reference black cod. This site was at a bearing of 225 
degrees (true), and 3.8 nm from the hulk in 2,120 feet of water to provide a similar depth 
comparison to that of the hulk. The outcome of round three was 27 successful samples. Twenty-
one samples were designated as bioassay material, and six samples were to be used for infaunal 
material. 



Cruise II was terminated one day early in response to an emergency requirement for DSU’s 
salvage support capability elsewhere. Due to this unanticipated departure from station, sampling 
at two sediment stations (5 and 6) amounted to less than the target amount of 11.0 liters, and the 
two fish traps had to be abandoned at the fish reference site. The cruise was terminated on 
Thursday, 17 September 1998. Sediment and tissue chemistry samples were transferred to AD 
Little and Florida Institute of Technology for organics and metals assays, respectively. Sediment, 
infauna, and epifauna samples were provided to MEC, Inc. Sediment was also transferred to 
MEC, Inc. for use in acute, chronic and bioaccumulation bioassays. 



2.5.3.3. Field Sampling Cruise III 
The third sampling attempt was made during the period 11-18 November 1998 onboard the R/V 
ROGER REVELLE in company with the SIO MPL personnel, their Deep Tow Side Scan Sonar, 
their Payload Control Vehicle and a to-be-field-tested Piston Corer. On the way out to the 
sampling site, the new coring device was tested SE of San Clemente Island, resulting in three 
successful sample grabs of sandy silt. Upon arrival at the site of the ex-AGERHOLM, the 
weather was found to be calm and did not hinder mission objectives. 
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2.5.3.3.1. Transponder Field/Navigation 
Before sampling attempts, MPL personnel laid down an underwater acoustic transponder field to 
increase the accuracy of the navigational data that would be recorded during each sampling 
attempt. Between 0100 and 0300 on 12 November 1998, four transponders were placed at 
cardinal points, each moored about 1 km from the hulk and about 100 m above the ocean floor. 
The calibration between the ship’s GPS and the field transponders required approximately 10 
hours and was carried out between 1200 and 2200 on 12 November 1998. 



Between 1830 and 2200 on 14 November 1998, the Deep Sea Instrument Interface (DSII) was 
used to obtain accurate geographical coordinates for recognizable locations on the deck of the 
hulk to assist in calculating past sampling locations (Cruise II, see Section 2.5.3.2) that had been 
previously recorded by qualitative and relative visual descriptions. 



2.5.3.3.2. Side-Scan Surveys 
The DeepTow Fish 6 instrument package (including side-scan sonars) was launched at 
approximately 0500 on 12 November1998, and was towed at a lateral distance of 500 m from the 
hulk in a clockwise manner. The intent was to decrease the distance from the hulk on successive 
tracks, ultimately closing to within 75 m. This close pass was necessary for an atttempt to create 
a detailed and accurate side-scan mosaic of both sides of the hulk with a view also from the 
stern. Side scan efforts yielded an excellent pass on the port side at 137 m. However, shortly 
thereafter, a power failure developed inside the tow fish caused by a leak from a casing 
penetration seal and resulting in a power supply failure. Side scan operations were subsequently 
terminated at 1000 on 12 November 1998 and the decision was made to commence coring 
operations. 



2.5.3.3.3. Sediment Sampling Effort 
The new coring device, designed by scientists at SIO/MPL, was modified throughout this trip to 
overcome sampling difficulties associated with the hard bottom type found around the ex-
AGERHOLM. The original design consisted of a single hydraulic piston cylinder that was 
constructed to penetrate the substrate by force utilizing the combined weight of the sampler 
frame and the cylinders. The production model incorporated this field-tested design into a tri-
sampler capable of taking three samples in one location simultaneously. Once buried in the 
sediment, the piston coring devices were to be extracted by a hydraulic piston lift mechanism, 
and sealed closed by spring-triggered doors. The coring cylinders were 18 inches in diameter and 
10 inches in depth. It was learned during successive equipment deployments that increasing the 
device’s descending momentum would facilitate penetration. The rate of descent near the bottom 
prior to penetration of the sediment was controlled and modified throughout the experiment, 
starting with about a 10 m/min, and culminating with about 40 m/min. Since momentum is the 
product of both velocity and mass, additional weight was added to the sampler frame when 
successive cores failed to adequately penetrate the sediment. Weights were added until the 
operating limit of the crane was reached. The final sampling design modification was made when 
the mass per unit area of penetrating device was maximized through use of the original prototype 
single corer mechanism as a backup employing the same mode of operation. The final outcome 
of the sampling effort was an inability to obtain any satisfactory core with either device at the ex-
AGERHOLM site. 
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2.5.3.3.4. Video Monitoring of Sampling Events 
Cameras and lights mounted on the coring device were originally oriented to view the sediment 
as the device approached the ocean floor. The purpose of this design was to detect and avoid 
large rocks before they caused sampling problems. During the cruise, the cameras were re-
mounted to view the coring device and its interface with the sediment. This alteration was made 
to reveal where sediment was escaping, since previous attempts indicated this was a problem. 
Review of the videotapes upon sampler retrieval aided in assessment of: (1) the sediment 
conditions, (2) the potential reasons behind the sampling difficulties, and (3) modifications or 
manipulations necessary to ensure successful retrieval of a satisfactory sediment core. A 
satisfactory core for this project would be defined as “a sediment sample that had been taken and 
transferred undisturbed from the bottom to be placed on deck (with the sediment/water interface 
undisturbed) in such a fashion as to allow subsampling.” Post-cruise analysis determined that 
while penetration was in fact occurring in the hard bottom sites, that retraction of the piston(s) 
tended to disrupt the core(s) and the sliding trap door did not operate fast enough to contain the 
core resulting in loss of sample. 



Much discussion was spent in proposing solutions to the penetration and retrieval problems 
demonstrated by the piston sampler(s). However, modifications to the sampling device resulted 
in only limited improvements. A gravity core was manufactured onboard and deployed on 17 
November 1998 in an attempt to demonstrate how far a conventional method for deep ocean 
sediment assessment (albeit for minimum sediment volume retrieval) could penetrate the 
sediment at this particular site. The gravity core resulted in a sample about 8 cm in diameter and 
about 18-20 cm in depth. A second gravity core yielded no sample, presumably due to rock 
obstacles. 



On 15 November 1998, with several proposed solutions for sampling with the tri-sampler being 
ineffective, the decision was made to attempt single piston core sampling several times. When no 
samples were collected in this fashion, the principal investigator terminated the scientific cruise. 



2.5.3.4.  Field Sampling Cruise IV 
Cruise IV was conducted 20-29 September 1999 using the M/V KELLIE CHOUEST with the 
ROV SCORPIO 2. Elements of Submarine Development Squadron 5, Deep Submergence Unit, 
were deployed to man and operate the ROV. The Officer in Charge (OIC) and Safety Officers 
(SO) provided oversight for all ship navigation, launch, recovery, and maintenance on the 
SCOPRIO 2. A 24-hour, three-section watch rotation was established with a Dive Supervisor, 
Pilot, Copilot, Winch Operator, and two Line Handlers on duty at all times. The satellite-based 
Global Positioning System (GPS) provided the navigational reference. The dynamic positioning 
capability of M/V KELLIE CHOUEST allowed the ship to maintain position within a ten-meter 
box. The ship, in low sea states, maintained an accuracy of a few meters, and was able to 
maintain position within the 10-meter box up to Sea State 4. Beyond Sea State 4, all diving 
operations were curtailed for safety considerations. The SCORPIO 2 consisted of tethered, 
sledge-mounted ROV with two manipulating arms, hydraulic controls, lighting system, camera 
system, and sonar system (Figure 2-20). A launching crane, winch and cabling system, and take-
up spool with 5,400 ft of Kevlar-coated tether was installed on the ship. This system was used to 
launch SCORPIO 2 and retrieve sediment samples from the desired locations near the ex-
AGERHOLM and reference locations. The SCORPIO 2 was also used to deploy and retrieve fish 
traps and collect biological specimens, when possible. Upon completion of sampling, a sampling 
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grid containing all sampled positions accurate to within two meters near the hulk and 10 meters 
for the reference stations was generated. Since the water depth at the ex-AGERHOLM site is 
about 2,750 ft (838 m), the round-trip wire time of about one hour (wire speed of about 30 
m/min) was expected. 



New sampling equipment was developed specifically for Cruise IV. Based on difficulties 
experienced with sampler penetration and closure on the bottom during previous cruises, design 
changes were made to the small boxcore samplers used by the SCORPIO ROV during Cruise II. 
Prior to this cruise, prototypes of the sampler were built and tested by the DSU crew. The same 
basic design, with a swinging shovel/door to seal the box from underneath, and a sliding lid for 
easy sediment recovery without disturbance of the surface layer, was used for this cruise, but 
with the following modifications: the three stainless steel samplers that were ultimately 
constructed each had a gear and crank mechanism to provide additional force in closing the 
shovel, and a new pi-shaped handle (replacing the former T-shaped handle) for easier 
manipulation by the ROV’s arms and claws (Figure 2-21). Because the new ROV arms were less 
capable than the former ones, only two samplers (vice three) could be carried down to the bottom 
by the ROV in the baskets (milk crates), which were fastened to the front of the ROV. 
Nevertheless, the sampling procedure was essentially the same as before. Once settled on the 
bottom, one of the ROV arms would grab a handle on the top of the sampler, lift it from the 
basket and position it into the sediment in a way so as not to disturb the sediment surface. Once 
the sampler was embedded in the sea floor, the second arm would grab a handle connected to the 
gear mechanism located on the sampler and rotate it one full turn. This action would close the 
shovel of the sampler and seal the sample within the box. After the sampler was successfully 
closed, the first arm would lift it out of the sea floor and gently place it back into the basket. 



Additionally, a special sampler attachment was designed and fabricated for this cruise to 
facilitate the sampler penetration into the hard ocean sediment that was known to exist in certain 
areas on the reference ring. It was manual jackhammer device, made of stainless steel, 
configured to be coupled with the sampler once the two devices were transported to the ocean 
bottom in separate ROV baskets (Figure 2-22). It was composed of a weight, springs, a cranking 
device and handles for the ROV to manipulate. Once the sampler and jackhammer reached the 
bottom floor, the idea was for the ROV operator to manipulate one arm to lift the jackhammer by 
a T-handle on top, while the second arm kept the sampler from moving. The two devices were to 
be coupled together after the jackhammer was placed on top of the sampler, with the ROV 
operator ensuring that the interlocking components matched up for the junction. The second arm 
then attempted to grab a side handle attached to the cranking mechanism. As that handle was 
rotated, the weight was cocked against the springs, and then released to create a strong 
downward force on the sampler. However, it was not necessary to utilize this device to obtain 
any samples in that sufficient soft material was located at four sites on the outer ring. At the 
single site where sampling a hard surface was attempted, the device was determined to be very 
unwieldy. 



It was also determined that water samples (for PCB analysis) would be collected with a five-liter 
Niskin bottle attached to the ROV. It was rigged so that extending one of the ROV arms, when at 
the desired depth, could trigger it. 



Obtaining sediment samples from the far field (reference) stations was the primary objective of 
the SINKEX IV cruise. Eight far-field stations on cardinal headings had previously been defined 
on a ring 1,000 meters from the hulk of the ex-AGERHOM. The exact geographic locations of 
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the stations were ultimately determined by the ability to collect an intact and undisturbed 
sediment sample from the sea floor. A full compliment of chemistry, bioassay and infaunal 
sediments was collected at Stations 4-5, 4-2, 4-3.1, and 4-1, in that order. Station 4-3.1 was 
established and sampled 200 meters east of the predefined Station 4-3, because of the fouling 
risk posed to the ROV by an abandoned polypropylene line in the vicinity of Station 4-3. Water 
samples were collected at Stations 4-2 and 4-5. 



Fish traps used on this cruise were the 2x3x4-foot wire mesh cages used previously on Cruise II. 
At each deployment, two traps were used and marked by a benthos sphere floating about six feet 
above the cages and marked with reflective tape. The whole apparatus was weighted with a 40 
lb. link of chain. Two fish traps each were deployed at two fish reference stations established and 
sampled in previous cruises, located 3.8 nm NW and 3.8 nm SW of the ex-AGERHOLM, 
respectively. Two other fish traps were deployed at a third station located 3.8 nm E of the ex-
AGERHOLM. Fish tissue samples were collected from both of the SW and E stations. Sediment 
sampling was attempted at Stations 4-3, 4-4 and 4-8, but no samples were collected at these sites. 
Station 4-3 was abandoned because of the polypropylene line discussed earlier. Station 4-4 was 
abandoned because the bottom was too rocky to sample. Station 4-8 was sampled to test out the 
“jackhammer” modification to the sediment samplers. Station 4-8 was chosen for the test 
because of prior knowledge that there was a relatively hard rock and sand bottom. The testing of 
this attachment resulted in some suggested modifications for improved performance - proof of 
concept was achieved but no actual samples. The original cruise sampling plan called for 
sampling one near-field station for sediment and water, but problems with the ROV’s sonar 
during the latter part of the cruise prevented any dives from being conducted near the hulk. The 
sonar problems also prevented the retrieval of the ADCP and InterOcean S4™ current meters, 
both of which had been deployed on a previous SINKEX cruise. 



As with the M/V LANEY CHOUEST, M/V KELLIE CHOUEST maintained position using a 
dynamic positioning system (DPS). Position was determined with a differential global 
positioning system (DGPS) with an estimated accuracy of ±10 meters. The ship’s position was 
maintained primarily with a Z-drive bow thruster extending below the hull and able to rotate 360 
degrees. When the weather got heavier, the two main engines were also required to maintain 
position. 



Once on station the ROV was lowered over the side and monitored as it descended to the bottom. 
A pilot and copilot who sat at a control console on the ship controlled the ROV. The pilot 
controlled the movement of the robot. By manipulating a joystick, he was able to make the ROV 
fly forward, come up in the water column, move from side to side and then land softly on the 
bottom at the sampling location. During decent the ROV’s thrusters thrust down to minimize 
tether drift and assured that the ROV came down as straight as possible to the sample location. 
On the bottom the pilot guided the ROV to the sampling location. On the initial dive at a station, 
a station marker was brought down by the ROV and placed on the bottom. Subsequent dives 
attempted to locate samples within 20 ft of the station marker. Care was taken to not disturb the 
bottom before the samples were taken. 



After the ROV was positioned at the desired sampling location, the copilot, using specially made 
controls activated the manipulator arms of the robot. The copilot used the camera to guide the 
hand to reach down and pick up the sampling shovel out of the milk crate and place it gently in 
the mud at the desired sampling location. The copilot then applied pressure to the shovel until it 
sank all the way down in the mud. Holding the sampler steady, the copilot reached over with the 
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other arm, and pulled out the cotter pin that kept the shovel open, turned the gear drive to close 
the shovel, and collected an intact sample of mud that included the upper 3 cm of undisturbed 
mud. Then the copilot replaced the sampler and was ready to repeat the evolution for the second 
sample. When sampling was finished, the diving supervisor gave the command to wind in the 
cable and the pilot started the accent to the surface. After the ROV reached the surface and was 
recovered back on deck, the sediment samples were inspected by the Principal Investigator and 
Duty Scientist on watch to assure that the samples were intact, undisturbed, and representative of 
the top 3 cm of the bottom. Any samples which were compromised, from washing out of the 
sampler during the transit to the surface, excessive mixing of the surface layer, or appearing to be 
unrepresentative of the surface of the bottom, were rejected and not used for quantitative analysis 
(analytical chemistry, bioassay, or infaunal analysis). Rejected samples were screened for 
qualitative analysis of biota only. 



Position of the ROV in relation to the ship was estimated to be within about 100 meters of the 
ship position at any one time, based on the GPS accuracy and the maximum horizontal swing 
circle created by the length of tether underwater. This accuracy was determined to be sufficient 
for sampling of the 1,000-meter reference ring. There was no onboard navigation capability for 
the ROV on this cruise. 



Initially, sediment stations on the outer ring were marked with a station marker consisting of a 
benthos sphere tied to about six feet of polypropylene line and weighted with a 40 lb. link of 
chain. The ROV sonar was to detect this marker on some of the subsequent dives. Following the 
location of the marker, samples were then taken at an undisturbed site within a 20-foot radius of 
the marker’s location. However, because of ROV sonar problems, finding the station marker 
proved to be difficult. One dive, which lasted eight hours, took this much time due to the search 
operations required to find the marker. After this, the markers were evaluated as being 
inefficient, and they were no longer used because of the ROV sonar difficulties. 



During the penultimate dive, the ROV, with its ineffective sonar, was having a difficult time 
locating the far east fish traps for retrieval. The last dive terminated at 0815 on 29 September 
1999. Equipment was secured and the ship returned to San Diego. Sediment, tissue and water 
chemistry samples were transferred to A.D. Little and Florida Institute of Technology for 
organics and metals assays, respectively. Sediment infauna, and epifauna samples were provided 
to MEC, Inc. Sediment was also transferred to MEC, Inc., for use in acute, chronic and 
bioaccumulation bioassays. 



2.5.3.5. Field Sampling Cruise V 
The fifth and final sampling attempt was made during the period 13-18 November 1999 aboard 
the M/V KELLIE CHOUEST, again in company with the Navy’s Deep Submergence Unit 
(DSU) and their Remotely Operated Vehicle (ROV) SCORPIO. The weather was again calm 
except for a two-hour suspension of operations due to high winds. 



The primary objectives of the SINKEX V cruise were as follows: 



• Obtain a single field duplicate, representing a full compliment of chemistry, bioassay and 
infaunal sediments, all to be collected at an undisturbed location near Station 1-6. This 
was to assess anomalous data obtained from the Cruise II analyses performed on Station 
1-6. 
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• Obtain two inter-cruise comparison samples for comparison to samples taken on previous 
cruises: Chemistry and infaunal samples were to be taken near both Stations 1-3 and 4-6 
to confirm lack of chemistry or toxicity hits from relatively “clean” near-field (1-3) and 
reference (4-6) stations analyzed from Cruise II. 



• Retrieve both the S4™ and ADCP current meters from their near-field stations adjacent 
to the hulk and download long-term (several months) current data. 



• Collect additional fish specimens at the reference and hulk sites, emphasizing the need to 
collect more fish at the reference locations: Two fish traps were to be deployed at a 
reference station located 4 nm W of the ex-ALGERHOLM. Two other fish traps were to 
be deployed at the rear of the hulk, in between Stations 1-7 and 1-8. Fish tissue samples 
were to be collected from both of the stations. 



• Sample the water column at both reference and near-field stations. Standard 5-L Niskin 
bottles were to be used to collect discrete water samples for laboratory chemical analysis 
during four separate dives near the hulk. 



• Standard CTD data (salinity, temperature, depth, oxygen) were to be obtained throughout 
the ROV deployments in order to assess basic water characteristics of the water column. 
The CTD was to be deployed during 10 dives close to the hulk, and one dive at the 4 nm 
fish trap site. 



The necessity for Cruise V, was related to the ROV sonar casualty on Cruise IV. It was a direct 
continuation of the far-field sampling effort with some additional objectives. The stainless steel 
boxcores that were developed for SINKEX IV and successfully used during that cruise were also 
used during SINKEX V. The sampling method was exactly the same for obtaining samples. 
Once settled on the bottom, one of the ROV arms would grab a handle on the top of the sampler, 
lift it from the basket and position it into the sediment in a way so as not to disturb the sediment 
surface. Once embedded in the sea floor, the second arm would grab a handle connected to the 
gear mechanism and rotate it one full turn. This action would close the shovel of the sampler and 
seal the sample within the box. After the sampler was successfully closed, the first arm would lift 
it out of the sea floor and gently place it back into the basket. 



Fish traps were 2x3x4-foot wire mesh cages, used previously on Cruises II and IV. Each cage 
was weighted with a 40-lb. link of chain and baited with two cans of fresh and frozen whole 
mackerel. A pinger was attached to one of the cages to assist in recovery. However, the traps 
were generally seen before a signal was ever received. As before, water samples were collected 
with a five-liter Niskin bottle attached to the ROV. It was rigged so that extending one of the 
ROV arms when at the desired depth could trigger it. 



A new piece of sampling gear, a SEA-Bird™ CTD, was attached to the stern of the ROV in 
order to obtain an accurate water column profile. The CTD collected information constantly from 
deployment until retrieval. 



ROV operations were conducted in similar fashion as previous SINKEX Cruises, which used 
DSU and SCORPIO to collect samples on the Inner Ring. Each numbered dive consisted of a 
launch of the ROV from the deck of the M/V KELLIE CHOUEST, paying out of tether to lower 
the ROV to the bottom, bottom operations to collect sediment or biological specimens, and 
finally paying in of the tether and recovery of the ROV on deck. 











 2-88



There were two major equipment failures while on station, on November 14, The ROV suffered 
a sonar failure at approximately 500 feet. The ROV was brought on deck and the problem was 
determined to be a ground in the tether. It took approximately eight hours to remove 15 feet of 
tether and re-terminate all of the connections. On November 17, the ROV had a hydraulic 
pressure malfunction - a leak in the port astern thruster hydraulic line - the dive was aborted, and 
the problem took approximately 6 hours to rectify. 



As mentioned previously for cruise IV, M/V KELLIE CHOUEST maintained position using a 
dynamic positioning system (DPS). Position was determined with a differential global 
positioning system (DGPS) with an estimated accuracy of ±10 meters. The ship’s position was 
maintained primarily with a Z-drive bow thruster extending below the hull and able to rotate 360 
degrees. When the weather got heavier, the two main engines were also required to maintain 
position. Position of the ROV in relation to the ship was estimated to be within about 100 meters 
of the ship position at any one time, based on the GPS accuracy and the maximum horizontal 
swing circle created by the length of tether underwater. This accuracy was determined to be 
sufficient for sampling of the 1000-meter reference ring and the fish trap reference station. This 
accuracy, however, was not sufficient to record near-field stations, so visual reference (relative to 
ship markings and station markers deployed around the ship for the near-field sampling of the 
Inner Ring during Cruise II) was used for those dives. 



The last dive terminated at 1805 on 17 November 1999. Equipment was secured and the ship 
steamed back to San Diego. Sediment, tissue and water chemistry samples were transferred to 
A.D. Little/Florida Institute of Technology for organics and metals assays, respectively. 
Sediment infauna, and epifauna samples were provided to MEC, Inc. Sediment was also 
transferred to MEC, Inc., for use in acute, chronic and bioaccumulation bioassays. 



 











 2-89



Figure 2-26. Station locations. 
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Table 2-10. Toxicity, bioaccumulation, grain size, and infauna community analysis summary. 



ANALYSES 



Station 10-Day Solid Phase 
Rhepoxynius 



abronius 



28-Day Solid Phase 
Neanthes 



arenaceodentata 



Bioaccumulation 
Nephtys 



caecoides 
Bioaccumulation 
Macoma nasuta Grain Size Infauna 



Community  



Survey - September 1998 
1-1 X X X X X X 
1-2 X X X X X X 
1-3 X X X X X X 
1-4 X X X X X X 
1-5 X X X X X X 
1-6 X X X X X X 
1-7 X X X X X X 
1-8 X X X X X X 
4-6 X X X X X X 



Survey - September 1999 
4-1 X X X X X X 
4-2 X X X X X X 



4-3.1 X X X X X X 
4-5 X X X X X X 



Survey - November 1999 
1-5/6/7 X X X X X X 
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Table 2-11. Results of testing the toxicity/bioassay data to determine compliance with statistical test 
assumptions and for determining the best data transformation for statistical testing. Best data transformation 
is highlighted in bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Macoma nasuta 



survival Arcsin 0.874 0.047 Non-normal 0.768 



Macoma nasuta 
survival Non transformed 0.855 0.026 Non-normal 0.272 



Macoma nasuta 
survival Ranks NA NA NA NA 



Neanthes 
arenaceodentata 



growth 
Log 10 0.865 0.035 Non-normal 0.300 



Neanthes 
arenaceodentata 



growth 
Non 



transformed 0.879 0.055 Normal 0.132 



Neanthes 
arenaceodentata 
growth relative to 



controls 



Arcsin NA NA NA NA 



Neanthes 
arenaceodentata 
growth relative to 



controls 



Non 
transformed 0.937 0.370 Normal 0.644 



Neanthes 
arenaceodentata 



survival 
Arcsin 0.682 <0.001 Non-normal 0.301 



Neanthes 
arenaceodentata 



survival 
Non transformed 0.682 <0.001 Non-normal 0.301 



Neanthes 
arenaceodentata 



survival 
Ranks NA NA NA NA 



Nephtys caecoides 
survival Arcsin 0.931 0.304 Normal 0.444 



Nephtys caecoides 
survival Non transformed 0.907 0.139 Normal 0.672 



Rhepoxynius abronius 
reburial  Arcsin 0.858 0.028 Non-normal 0.574 



Rhepoxynius abronius 
reburial  Non transformed 0.800 0.004 Non-normal 0.372 



Rhepoxynius 
abronius reburial  Ranks NA NA NA NA 



Rhepoxynius 
abronius survival Arcsin 0.917 0.195 Normal 0.945 



Rhepoxynius abronius 
survival Non transformed 0.785 0.003 Non-normal 0.530 
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2.5.4. Biota Sampling 



2.5.4.1. Fish Sampling 
Fish were collected in traps set directly adjacent to the hulk (within 100m) and at two different 
reference sites approximately 4nm from the hulk. Anoplopoma fimbria (Sablefish, Black Cod) 
was selected for the study based on the rationale provided earlier (see Section 2.4.4.1). An 
assortment of traps, approximately 3 feet in diameter and 1.5 feet tall were set with the aid of the 
ROV. Each fish trap was moored to the bottom using an anchor, with the fish trap suspended 
about 1-3 m above the bottom by a submersible float. Traps were baited with squid, sardines, 
mackerel or fish heads, and set for one to two days, depending on operations. Following an 
appropriate period of 72-120 hours (3-5 days), the traps were retrieved. All of the collected fish 
were photographed, weighed, measured, and eviscerated. Fish selected to provide tissue samples 
for chemical analysis were wrapped in clean aluminum foil, placed into clean polyethylene bags, 
assigned a unique identification number, and recorded in the project field notebook. Samples 
were stored frozen on the vessel and shipped on dry ice to the ADL analytical laboratory. Muscle 
tissue was dissected at the laboratory in a clean room under controlled conditions prior to 
digestion and analysis. 



2.5.4.2. Invertebrate Epifauna Sampling 
An attempt was made to collect epifaunal macro-invertebrates from the hulk. Organisms were to 
be collected by either (1) pinching and grabbing them directly with the manipulator arm of the 
ROV, or by (2) scraping them off with a stainless steel scraper held by the manipulator arm of 
the ROV. Samples were to be placed into a clean cage or bucket by the manipulator arm, secured 
to the ROV, and returned to the surface. The collected organisms were to be identified, 
photographed, weighed, and measured. Samples were to be transferred upon receipt into pre-
cleaned glass containers, assigned unique identification numbers, and logged into the project 
field notebook. Samples were to be stored frozen on the ship and shipped on dry ice to the ADL 
laboratory for tissue residue analysis. However, there was no little direct observation of epifauna 
available for sampling and only a few specimens of opportunity were collected. 



2.5.4.3. Benthic Infauna Sampling 
The infaunal community was characterized by 23 boxcore samples collected during Cruises II, 
IV, and V (Table 2-10). The location and depth for each station are provided in Table 2-8. 
Infaunal samples were collected using the small boxcores (0.053 m2 surface area) and the 
sediments were screened through a 0.5 mm and 1.0 mm sieve. Additional specimens were 
collected from unused portions (non-quantitative) of sediment samples collected for other 
objectives and from organisms selectively collected by the ROV. Infauna data for the two sieve 
sizes was combined so that the infaunal community would be representative of infaunal 
organisms larger than 0.5 mm and miscellaneous larger organisms. The initial plan for field 
processing of the infauna samples was to utilize two different sieve sizes in order to provide 
greater comparability of the data and to partition the sample to facilitate field and laboratory 
processing. The 1.0 mm sieve for characterizing infaunal communities has been used most often 
for the few studies completed for the slopes and basins of southern California (e.g., Hartman and 
Barnard 1960, Thompson and Jones 1987). More recent studies, especially for deeper 
communities, have been completed using smaller sieves (e.g., 0.5 and 0.3 mm sieves) for 
processing and characterizing infaunal communities. The 0.5 mm sieve was selected as a default 
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size when the use of a 0.3 mm proved impractical for the coarse and gravel sediments in the 
study area. 



A gentle spray of seawater was used to separate the sediments from the organisms. Infauna was 
carefully collected from the screens, and placed into labeled jars. The collected infaunal 
organisms were relaxed with magnesium sulfate in seawater for approximately 10 minutes. After 
20 minutes, the organisms were fixed in a solution of 10 percent buffered formalin. Within 14 
days after collection, the organisms were transferred from formalin into 70-percent ethyl alcohol 
for long-term storage and sample analysis. 



Infaunal samples were sorted with the aid of stereoscopic microscopes into five major taxonomic 
groupings, as follows: molluscs, echinoderms, polychaetes, crustaceans, and other minor phyla. 
Sorted organisms were distributed to taxonomists who counted and identified individual 
organisms to the lowest practicable taxonomic level. Wet weight biomass, measured to the 
nearest 0.01 g, was determined for each of the major taxonomic groups. Number of species, 
number of individuals, top 20 percent of species, and diversity indices (e.g., Shannon-Wiener) 
also were reported for each sample (Tetra Tech, 1985; Bergen et. al. 1998; Gray et. al., 1990). 



An analyst not involved in performing the analyses reviewed all laboratory data generated to 
ensure accuracy of all transcribed data. Furthermore, the MEC Project Manager reviewed data 
for internal consistency and comparability. 



Temporal differences between surveys were not considered significant and all infaunal samples 
from Surveys II, III, and V were considered as one data set. Mean values were used for stations 
having replicate samples. Infaunal community measures were tested to determine the appropriate 
data transformations, if any, to fulfill the assumptions of the ANOVA statistical tests (Table 2-12 
through Table 2-17 for the 1.0 mm community and Table 2-18 through Table 2-23 for the 
combined 0.5 and 1.0 mm communities). The null hypothesis was that there was no difference 
between the Inner Ring (Ring 1), samples collected within 2-3 meters of the target vessel, and 
the Outer Ring (Ring 4), which represented samples collected approximately 1 km from the 
target vessel. Significance criteria was p<0.05, which would suggest rejection of the null 
hypothesis. Furthermore, the range of values was evaluated to determine whether the 
heterogeneity of the environment for the Inner Ring was different from the Outer Ring. 



Statistical testing of biological infaunal community measures found some parameters having 
significant differences between the Inner and Outer Rings. Regression analysis was then used to 
identify if there was a significant correlation with these infaunal community measures and the 
physical and chemical measures. To help visualize these relationships the community measures 
were plotted as a function of grain size measures, TOC, and Principal Component Analysis 
(PCA) factors to determine if there were significant regressions of infauna community measures 
with these environmental variables. A similar approach was used on the bioassay data to 
determine if the variability observed in the bioassay testing could be correlated with physical and 
chemical measures. 
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Table 2-12. Results of testing infaunal community measures data (all organisms for 1.0 mm) to determine 
compliance with statistical test assumptions and for determining the best data transformation for statistical 
testing. Best data transformation is highlighted in bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Number of Species Non transformed 0.905 0.114 Normal 0.618 
Number of Species Log 10  0.917 0.175 Normal 0.930 



Abundance Non transformed 0.937 0.334 Normal 0.050 
Abundance Log 10 0.973 0.868 Normal 0.114 



Shannon-Wiener 
Diversity Non transformed 0.835 0.010 Non-normal 0.325 



Shannon-Wiener 
Diversity Log 10 0.751 0.000 Non-normal 0.294 



Shannon-Wiener 
Diversity Ranks NA NA NA NA 



Margalef Species 
Richness Non transformed 0.962 0.689 Normal 0.990 



Margalef Species 
Richness Log 10 0.972 0.844 Normal 0.511 



Dominance Index Non transformed 0.939 0.362 Normal 0.405 
Dominance Index Log 10 0.799 0.003 Non-normal 0.238 
Evenness Index Non transformed 0.726 0.000 Non-normal 0.182 
Evenness Index Log 10 0.672 0.000 Non-normal 0.190 
Evenness Index Ranks NA NA NA NA 



P<0.05=non-normal distribution 
NA=Not Applicable 
 
Table 2-13. Results of testing infaunal community measures for Polychaeta (1.0 mm) to determine compliance 
with statistical test assumptions and for determining the best data transformation for statistical testing. Best 
data transformation is highlighted on bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Number of Species Non transformed 0.889 0.066 Normal 0.611 
Number of Species Log 10  0.857 0.021 Non-normal 0.937 



Abundance Non transformed 0.922 0.203 Normal 0.193 
Abundance Log 10 0.884 0.056 Normal 0.662 



Shannon-Wiener 
Diversity Non transformed 0.907 0.124 Normal 0.583 



Shannon-Wiener 
Diversity Log 10 0.887 0.060 Normal 0.786 



Margalef Species 
Richness Non transformed 0.900 0.098 Normal 0.561 



Margalef Species 
Richness Log 10 0.885 0.056 Normal 0.623 



Dominance Index Non transformed 0.944 0.419 Normal 0.039 
Dominance Index Log 10 0.919 0.189 Normal 0.078 



Evenness Index Non transformed 0.818 0.006 Non-normal 0.113 
Evenness Index Log 10 0.749 0.008 Non-normal 0.135 
Evenness Index Ranks NA NA NA NA 



P<0.05=non-normal distribution 
NA=Not Applicable 
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Table 2-14. Results of testing infaunal community measures for Crustacea (1.0 mm) to determine compliance 
with statistical test assumptions and for determining the best data transformation for statistical testing. Best 
data transformation is highlighted in bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Number of Species Non transformed 0.837 0.014 Non-normal 0.235 
Number of Species Log 10  0.956 0.678 Normal 0.757 



Abundance Non transformed 0.920 0.189 Normal 0.006 
Abundance Log 10 0.905 0.174 Normal 0.706 



Shannon-Wiener 
Diversity Non transformed 0.839 0.012 Non-normal 0.304 



Shannon-Wiener 
Diversity Log 10 0.903 0.228 Normal 0.418 



Margalef Species 
Richness Non transformed 0.918 0.326 Normal 0.038 



Margalef Species 
Richness Log 10 0.918 0.326 Normal 0.368 



Dominance Index Non transformed 0.848 0.016 Non-normal 0.101 
Dominance Index Log 10 0.841 0.012 Non-normal 0.501 
Dominance Index Ranks NA NA NA NA 



Evenness Index Non transformed 0.804 0.016 Non-normal 0.200 
Evenness Index Log 10 0.819 0.024 Non-normal 0.223 
Evenness Index Ranks NA NA NA NA 



P<0.05=non-normal distribution 
NA=Not Applicable 
 
Table 2-15. Results of testing infaunal community measures for Mollusca (1.0 mm) to determine compliance 
with statistical test assumptions and for determining the best data transformation for statistical testing. Best 
data transformation is highlighted in bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Number of Species Non transformed 0.925 0.227 Normal 0.281 
Number of Species Log 10  0.907 0.160 Normal 0.666 



Abundance Non transformed 0.914 0.156 Normal 0.657 
Abundance Log 10 0.846 0.024 Non-normal 0.477 



Shannon-Wiener 
Diversity Non transformed 0.896 0.083 Normal 0.615 



Shannon-Wiener 
Diversity Log 10 0.874 0.135 Normal 0.873 



Margalef Species 
Richness Non transformed 0.962 0.796 Normal 0.006 



Margalef Species 
Richness Log 10 0.821 0.035 Non-normal 0.035 



Margalef Species 
Richness Ranks NA NA NA NA 



Dominance Index Non transformed 0.916 0.170 Normal 0.367 
Dominance Index Log 10 0.881 0.050 Normal 0.815 
Evenness Index Non transformed 0.700 0.002 Non-normal 0.013 
Evenness Index Log 10 0.703 0.002 Non-normal 0.014 
Evenness Index Ranks NA NA NA NA 



P<0.05=non-normal distribution 
NA=Not Applicable 
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Table 2-16. Results of testing infaunal community measures for minor phyla (1.0 mm) to determine 
compliance with statistical test assumptions and for determining the best data transformation for statistical 
testing. Best data transformation is highlighted in bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Number of Species Non transformed 0.925 0.228 Normal 0.248 
Number of Species Log 10  0.899 0.126 Normal 0.644 



Abundance Non transformed 0.925 0.228 Normal 0.248 
Abundance Log 10 0.899 0.126 Normal 0.644 



Shannon-Wiener 
Diversity Non transformed 0.800 0.003 Non-normal 0.032 



Shannon-Wiener 
Diversity Log 10 0.795 0.036 Non-normal 0.054 



Shannon-Wiener 
Diversity Ranks NA NA NA NA 



Margalef Species 
Richness Non transformed 0.783 0.028 Non-normal 0.062 



Margalef Species 
Richness Log 10 0.797 0.038 Non-normal 0.052 



Margalef Species 
Richness Ranks NA NA NA NA 



Dominance Index Non transformed 0.778 0.002 Non-normal 0.022 
Dominance Index Log 10 0.809 0.004 Non-normal 0.032 
Dominance Index Ranks NA NA NA NA 



Evenness Index Non transformed NC NC NC NC 
Evenness Index Log 10 NC NC NC NC 
Evenness Index Ranks NAF NA NA NA 



P<0.05=non-normal distribution 
NC=Not capable of being calculated, means too similar 
NA=Not Applicable 
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Table 2-17. Results of testing infaunal community measures for Echinodermata (1.0 mm) to determine 
compliance with statistical test assumptions and for determining the best data transformation for statistical 
testing. Best data transformation is highlighted in bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Number of Species Non transformed 0.845 0.014 Non-normal 0.344 
Number of Species Log 10  0.617 0.000 Non-normal 0.104 
Number of Species Ranks NA NA NA NA 



Abundance Non transformed 0.773 0.001 Non-normal 0.022 
Abundance Log 10 0.950 0.627 Normal 0.377 



Shannon-Wiener 
Diversity Non transformed 0.898 0.089 Normal 0.989 



Shannon-Wiener 
Diversity Log 10 0.945 0.669 Normal 0.826 



Margalef Species 
Richness Non transformed 0.849 0.073 Normal 0.030 



Margalef Species 
Richness Log 10 1.0 0.992 Normal 0.000 



Margalef Species 
Richness Ranks NA NA NA NA 



Dominance Index Non transformed 0.859 0.023 Non-normal 0.514 
Dominance Index Log 10 0.878 0.449 Normal 0.475 



Evenness Index Non transformed NC NC NC NC 
Evenness Index Log 10 NC NC NC NC 
Evenness Index Ranks NA NA NA NA 



P<0.05=non-normal distribution 
NC=Not capable of being calculated, means too similar 
NA=Not Applicable 
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Table 2-18. Results of testing infaunal community measures data (all organisms for 0.5 and 1.0 mm) to 
determine compliance with statistical test assumptions and for determining the best data transformation for 
statistical testing. Best transformation is highlighted in bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Number of Species Non transformed 0.929 0.262 Normal 0.733 
Number of Species Log 10  0.884 0.055 Normal 0.419 



Abundance Non transformed 0.922 0.202 Normal 0.072 
Abundance Log 10 0.920 0.191 Normal 0.961 



Shannon-Wiener 
Diversity Non transformed 0.836 0.011 Non-normal 0.127 



Shannon-Wiener 
Diversity Log 10 0.764 0.001 Non-normal 0.148 



Shannon-Wiener 
Diversity Ranks NA NA NA NA 



Margalef Species 
Richness Non transformed 0.926 0.237 Normal 0.197 



Margalef Species 
Richness Log 10 0.872 0.036 Non-normal 0.218 



Dominance Index Non transformed 0.956 0.591 Normal 0.060 
Dominance Index Log 10 0.851 0.018 Non-normal 0.111 
Evenness Index Non transformed 0.814 0.005 Non-normal 0.522 
Evenness Index Log 10 0.786 0.002 Non-normal 0.502 
Evenness Index Ranks NA NA NA NA 



P<0.05=non-normal distribution 
NA=Not Applicable 
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Table 2-19. Results of testing infaunal community measures for Polychaeta (0.5 and 1.0 mm) to determine 
compliance with statistical test assumptions and for determining the best data transformation for statistical 
testing. Best transformation is highlighted in bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Number of Species Non transformed 0.920 0.190 Normal 0.109 
Number of Species Log 10  0.890 0.068 Normal 0.174 



Abundance Non transformed 0.952 0.539 Normal 0.646 
Abundance Log 10 0.987 0.991 Normal 0.679 



Shannon-Wiener 
Diversity Non transformed 0.830 0.009 Non-normal 0.219 



Shannon-Wiener 
Diversity Log 10 0.754 0.001 Non-normal 0.242 



Shannon-Wiener 
Diversity Ranks NA NA NA NA 



Margalef Species 
Richness Non transformed 0.954 0.563 Normal 0.152 



Margalef Species 
Richness Log 10 0.938 0.347 Normal 0.186 



Dominance Index Non transformed 0.943 0.409 Normal 0.235 
Dominance Index Log 10 0.876 0.041 Non-normal 0.276 
Evenness Index Non transformed 0.799 0.003 Non-normal 0.219 
Evenness Index Log 10 0.764 0.001 Non-normal 0.212 
Evenness Index Ranks NA NA NA NA 



P<0.05=non-normal distribution 
NA=Not Applicable 
 
Table 2-20. Results of testing infaunal community measures for Crustacea (0.5 and 1.0 mm) to determine 
compliance with statistical test assumptions and for determining the best data transformation for statistical 
testing. Best transformation is highlighted in bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Number of Species Non transformed 0.936 0.326 Normal 0.748 
Number of Species Log 10  0.967 0.797 Normal 0.336 



Abundance Non transformed 0.914 0.159 Normal 0.480 
Abundance Log 10 0.971 0.842 Normal 0.333 



Shannon-Wiener 
Diversity Non transformed 0.981 0.953 Normal 0.181 



Shannon-Wiener 
Diversity Log 10 0.937 0.369 Normal 0.116 



Margalef Species 
Richness Non transformed 0.919 0.206 Normal 0.781 



Margalef Species 
Richness Log 10 0.969 0.826 Normal 0.392 



Dominance Index Non transformed 0.868 0.032 Non-normal 1.00 
Dominance Index Log 10 0.964 0.732 Normal 0.148 



Evenness Index Non transformed 0.677 0.000 Non-normal 0.220 
Evenness Index Log 10 0.669 0.000 Non-normal 0.199 
Evenness Index Ranks NA NA NA NA 



P<0.05=non-normal distribution 
NA=Not Applicable 
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Table 2-21. Results of testing infaunal community measures for Mollusca (0.5 and 1.0 mm) to determine 
compliance with statistical test assumptions and for determining the best data transformation for statistical 
testing. Best transformation is highlighted in bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Number of Species Non transformed 0.938 0.350 Normal 0.920 
Number of Species Log 10  0.950 0.499 Normal 0.247 



Abundance Non transformed 0.860 0.024 Non-normal 0.290 
Abundance Log 10 0.954 0.568 Normal 0.187 



Shannon-Wiener 
Diversity Non transformed 0.977 0.910 Normal 0.089 



Shannon-Wiener 
Diversity Log 10 0.927 0.269 Normal 0.053 



Margalef Species 
Richness Non transformed 0.961 0.705 Normal 0.209 



Margalef Species 
Richness Log 10 0.921 0.224 Normal 0.084 



Dominance Index Non transformed 0.898 0.089 Normal 0.175 
Dominance Index Log 10 0.894 0.078 Normal 0.191 
Evenness Index Non transformed 0.953 0.572 Normal 0.613 
Evenness Index Log 10 0.972 0.864 Normal 0.456 



P<0.05=non-normal distribution 
 
Table 2-22. Results of testing infaunal community measures for minor phyla (0.5 and 1.0 mm) to determine 
compliance with statistical test assumptions and for determining the best data transformation for statistical 
testing. Best transformation is highlighted in bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Number of Species Non transformed 0.947 0.462 Normal 0.791 
Number of Species Log 10  0.920 0.217 Normal 0.741 



Abundance Non transformed 0.967 0.770 Normal 0.271 
Abundance Log 10 0.935 0.349 Normal 0.761 



Shannon-Wiener 
Diversity Non transformed 0.877 0.043 Non-normal 0.082 



Shannon-Wiener 
Diversity Log 10 0.833 0.035 Non-normal 0.042 



Shannon-Wiener 
Diversity Ranks NA NA NA NA 



Margalef Species 
Richness Non transformed 0.905 0.235 Normal 0.360 



Margalef Species 
Richness Log 10 0.889 0.157 Normal 0.065 



Dominance Index Non transformed 0.831 0.009 Non-normal 0.088 
Dominance Index Log 10 0.788 0.002 Non-normal 0.054 
Dominance Index Ranks NA NA NA NA 



Evenness Index Non transformed 0.852 0.060 Normal 0.001 
Evenness Index Log 10 0.862 0.077 Normal 0.001 
Evenness Index Ranks NA NA NA NA 



P<0.05=non-normal distribution 
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Table 2-23. Results of testing infaunal community measures for Echinodermata (0.5 and 1.0 mm) to 
determine compliance with statistical test assumptions and for determining the best data transformation for 
statistical testing. Best transformation is highlighted in bold. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Number of Species Non transformed 0.767 0.001 Non-normal 0.285 
Number of Species Log 10  0.544 0.000 Non-normal 0.043 
Number of Species Ranks NA NA NA NA 



Abundance Non transformed 0.868 0.031 Non-normal 0.007 
Abundance Log 10 0.956 0.626 Normal 0.214 



Shannon-Wiener 
Diversity Non transformed 0.739 0.001 Non-normal 0.242 



Shannon-Wiener 
Diversity Log 10 0.951 0.699 Normal 0.285 



Margalef Species 
Richness Non transformed 0.703 0.001 Non-normal 0.066 



Margalef Species 
Richness Log 10 1.0 0.992 Normal 0.000 



Dominance Index Non transformed 0.707 0.000 Non-normal 0.227 
Dominance Index Log 10 0.730 0.000 Non-normal 0.076 
Dominance Index Ranks NA NA NA NA 



Evenness Index Non transformed NC NC NC NC 
Evenness Index Log 10 NC NC NC NC 
Evenness Index Ranks NA NA NA NA 



P<0.05=non-normal distribution 
NC=Not capable of being calculated, means too similar 
NA=Not Applicable 
 



2.5.5. Current Measurement and Water Sampling 



2.5.5.1. Measurement of Deep Ocean Currents in Vicinity of ex-AGERHOLM 
Two types of current meters were required for this study: (1) an acoustic Doppler current profiler 
(ADCP) for measuring currents in 2-meter layers or horizontal slices throughout the water 
column, and (2) a S4 meter used to measure the bottom currents not measurable with the ADCP. 
Because the ADCP was situated on the bottom, and sent and received its acoustic signals to and 
from the water column immediately above its location, the very bottom “layer” of water currents 
represented a “blind spot.” 



2.5.5.1.1. Acoustic Doppler Current Profiler (ADCP) 
A deep water RD Instruments ADCP was used to obtain 27 months of data on currents from two 
deployments in the vicinity of the hulk. The ADCP was initially deployed during Cruise I and 
then recovered during Cruise II with the SCORPIO 1, collecting 13 months of data. The current 
profiler was re-deployed during Cruise II on the opposite side of the hulk on a reciprocal bearing 
and at a similar distance from the hulk. The meter was recovered during Cruise V, after obtaining 
14 additional months of data. The ADCP was mounted in a gimbaled cage and positioned 
perpendicular to the horizontal memory. The unit was programmed to collect data as detailed in 
Table 2-24. Water movement data was collected from 30 depth “bins”. Each bin was 
programmed at two meters thick. With the null zone in the data set from the bottom up to 
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approximately 4.25 meter above the bottom (due to limitations of the equipment) and 4.25 to 
64.25 meters above the bottom representing the area of data collection. Upon retrieval, this 
information was used to estimate advection of water borne contaminants from the hulk and/or 
sediment transport on the sea floor. The ADCP model used was a 300 kHz system with 20 MB 
of on-board memory. 



Table 2-24. RDI Acoustic Doppler Current Profiler (300 kHz Workhorse) - Deployments 1 and 2. 



Parameter Values Recorded Measurements 
Number of depth bins 30  
Bin Length 2 Meters 
First Bin (blank zone) 4.25 Meters 
Last Bin (range) 64.25 Meters 
Sampling frequency Every 30 Minutes 
Number of data points averaged per sample 45 
Deployment Duration 13 months; 14 months 



Average current speed, and direction, 
for 30 2-m depth intervals. Recorded 
every 30 minutes. Temperature data 
also recorded. 



 



2.5.5.1.2. S4™ Current Meter Measurements 
An InterOcean S4™ electro-magnetic current meter was deployed during Cruise II and 
recovered during Cruise V. The meter was placed approximately 50 ft off of the startboard bow 
and away from the anchor chain that heads toward the same direction. The S4™ was utilized to 
supplement the current data being collected by the ADCPs, specifically current direction and 
speed near the sediment/water interface (1.5 ft above the bottom). Data was collected for 6.5 
months. 



2.5.5.2. Water Sampling 
Water samples were collected with a five-liter Teflon®-lined Niskin samplers during Cruises IV 
and V. Samplers were attached to the ROV, and triggered by the manipulator arm. Water 
samples were collected from two locations, one from Ring 1 (Station 1-5/6/7) and one from Ring 
4 (Station 4-2). 



Samples were transferred into precleaned borosilicate glass jars (for organic chemical analysis) 
or precleaned polyethylene jars (for inorganic chemical analysis) with appropriate preservatives. 
Samples for organic chemistry analysis were preserved with hydrochloric acid, samples being 
analyzed for total organic carbon were preserved at 4 ºC. All water samples were given unique 
identification numbers and logged. Samples were stored in the dark at a temperature of 4 °C after 
collection and during shipment to the laboratory for analysis. 



2.5.6. Chemical Analyses 



2.5.6.1. Sample Preparation 
Arthur D Little’s (ADL) Environmental Monitoring and Analysis Laboratory, based in 
Cambridge, MA, conducted the sample preparations. 



2.5.6.1.1. Water Sample Preparation for PAH and PCB Analysis 
Water samples were extracted for semivolatile organic compounds per Arthur D Little’s (ADL) 
Standard Operating Procedure (SOP) ADL-2824, “Extraction of Semivolatile Hydrocarbons and 
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PCBs/Pesticides from Water Samples.” This method is similar to EPA SW-846 Method 3510B, 
“Separatory Funnel Liquid-Liquid Extraction.” With every sample preparation batch the 
following quality control samples were prepared: procedural blank (PB), blank spike (BS), and 
blank spike duplicate (BSD). Each environmental and quality control sample was transferred to a 
separatory funnel and spiked with polyaromatic hydrocarbon (PAH) and polychlorinated 
biphenyl (PCB) surrogate solutions prior to the first addition of the extraction solvent. The 
concentration of the surrogate compounds spiked into the samples was determined based on the 
expected contamination level in the samples. For this project, all surrogates were spiked at low 
levels in the water samples. In addition to the surrogate solution, the BS and BSD quality control 
samples were spiked with a subset of the target PAH and PCB compounds. 



Organic compounds were extracted from 2-L water samples using the organic solvent 
dichloromethane. For each sample, a 120-mL aliquot of solvent was added to the separatory 
funnel and the separatory funnel was sealed and shaken vigorously for 1-2 minutes. The organic 
layer was allowed to separate from the water phase and then was drained into a flask. This 
extraction procedure was repeated two more times with fresh aliquots of solvent. The 3 solvent 
extracts per sample were combined and water was removed from the combined extract by adding 
approximately 75 g of sodium sulfate. All extracts were concentrated to approximately 1 mL, 
using Kuderna-Danish (KD) concentrators and nitrogen evaporation. Extracts were split into 
archive and working volumes. The working extract volume was further split - one-half was 
designated for PAH analysis and one-half was exchanged into hexane for PCB analyses. 



2.5.6.1.2. Sediment Sample Preparation for PAH and PCB Analysis 
Sediment samples were extracted for semivolatile organic compounds per ADL’s Standard 
Operating Procedure (SOP) ADL-2819, “Extraction of Polychlorinated Biphenyls and 
Chlorinated Pesticides from Sediment or Shoreline Soil Samples.” With every sample 
preparation batch the following quality control samples were prepared: PB, BS, BSD, matrix 
spike (MS), matrix spike duplicate (MSD), laboratory duplicate (DUP), and sediment standard 
reference material (NIST SRM 1944). After each sample was thoroughly homogenized, a 30 to 
50 gram aliquot of the sediment sample was transferred into a Teflon® jar for sample 
preparation. Approximately 60 grams of sodium sulfate were mixed into each sample, followed 
by the addition of 100 mL of 50:50 dichloromethane/acetone. Each environmental and quality 
control sample was spiked with PAH and PCB surrogate solutions prior to the first addition of 
the extraction solvent. The concentration of the surrogate compounds spiked into the samples 
was determined based on the expected contamination level in the samples. For this project, all 
surrogates were spiked at low levels in the sediment samples. In addition to the surrogate 
solution, the BS, BSD, MS, and MSD quality control samples were spiked with a subset of the 
target PAH and PCB compounds. 



Organic compounds were extracted from the sediment samples using a 50:50 mixture of the 
organic solvents dichloromethane and acetone. For each sample, a 100-mL aliquot of solvent 
was added to the Teflon® jar and the sample was sonicated for three minutes. The samples were 
centrifuged and the organic solvent layer was decanted into a flask. This extraction procedure 
was repeated two more times with fresh aliquots of solvent. After the third sonication, the sample 
jar was placed on an orbital shaker for 1 hour prior to the final centrifuge. The three solvent 
extracts per sample were combined and water was removed from the combined extract by adding 
approximately 75 g of sodium sulfate. Copper, alumina column, and high-pressure liquid 
chromatography (HPLC) cleanups were performed on the sample extracts to remove potential 
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contamination that would interfere with sample analysis. All extracts were concentrated to 
approximately 1 mL, using KD concentrators and nitrogen evaporation. Extracts were split into 
archive and working volumes. The working extract volume was further split - one-half was 
designated for PAH analysis and one-half was exchanged into hexane for PCB analyses. 



2.5.6.1.3. Sample Preparation Procedure of Sediment Core Samples for PCB Analysis 
Sediment core samples were sectioned at 0.5-cm intervals for the top 3 cm (six samples) and 
then at 1-cm intervals for the remaining 4 to 10 cm depth (seven samples). The sediment core 
samples were extracted for semivolatile organic compounds per ADL-2819, “Extraction of 
Polychlorinated Biphenyls and Chlorinated Pesticides from Sediment or Shoreline Soil 
Samples.” With every sample preparation batch the following quality control samples were 
prepared: PB, BS, BSD, and sediment standard reference material (NIST SRM 1944). After each 
sample was thoroughly homogenized, a 15 to 20 gram aliquot of the sediment sample was 
transferred into a Teflon® jar for sample preparation. Approximately 40 grams of sodium sulfate 
were mixed into each sample, followed by the addition of 100 mL of 50:50 
dichloromethane/acetone. Each environmental and quality control samples was spiked with PCB 
surrogate solution prior to the first addition of the extraction solvent. The concentration of the 
surrogate compounds spiked into the samples was determined based on the expected 
contamination level in the samples. For this project, all surrogates were spiked at low levels in 
the sediment samples. In addition to the surrogate solution, the BS, BSD, MS, and MSD quality 
control samples were spiked with a subset of the target PCB compounds. 



Organic compounds were extracted from the sediment samples using a 50:50 mixture of the 
organic solvents dichloromethane and acetone. For each sample, a 100-mL aliquot of solvent 
was added to the Teflon® jar and the sample was sonicated for three minutes. The samples were 
centrifuged and the organic solvent layer was decanted into a flask. This extraction procedure 
was repeated two more times with fresh aliquots of solvent. After the third sonication, the sample 
jar was placed on an orbital shaker for 1 hour prior to the final centrifuge. The three solvent 
extracts per sample were combined and water was removed from the combined extract by adding 
approximately 75 g of sodium sulfate. Copper, alumina column, and HPLC cleanups were 
performed on the sample extracts to remove potential contamination that would interfere with 
sample analysis. All extracts were concentrated to approximately 1 mL, using KD concentrators 
and nitrogen evaporation. Extracts were split into archive and working volumes. The working 
extract volume was exchanged into hexane for PCB analyses. 



2.5.6.1.4. Sample Preparation Procedure of Tissue for PCB Analysis 
The tissue samples were extracted for semivolatile organic compounds per ADL’s SOP ADL-
2831, “Extraction of Semivolatile Hydrocarbons, PCBs, and Chlorinated Pesticides from 
Biological Tissue Samples.” With every sample preparation batch the following quality control 
samples were prepared: PB, BS, BSD, MS, MSD, DUP, and tissue standard reference material 
(NIST SRM 1974a). 



Approximately 20 g of homogenized tissue was weighed into a Teflon® jar. Sixty grams of 
sodium sulfate (or more where necessary) was added to dry the sample, followed by 100 mL 
methylene chloride. The sample was then spiked with the appropriate amount of PCB and PAH 
surrogates. Each sample was macerated/extracted using the Tissumizer®, centrifuged, and 
decanted into an Erlenmeyer flask containing approximately 70 g of sodium sulfate. These 
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extraction steps were repeated two more times, with all extracts combined following each 
centrifugation. Sample extracts were concentrated to 10 to 15 mL in round-bottom flasks, and 
further concentrated under nitrogen after transfer to 25-mL vials. The lipid content was 
determined gravimetrically for each sample extract, which was then be loaded onto an alumina 
cleanup column. The cleaned-up sample was be concentrated to 1 mL for HPLC fractionation. 



After each sample was homogenized, a 5 to 15 gram aliquot of the tissue sample was transferred 
into a Teflon® jar for sample preparation. Approximately 60 grams of sodium sulfate were 
mixed into each sample, followed by the addition of 100 mL of dichloromethane. Each 
environmental and quality control sample was spiked with PAH and PCB surrogate solutions 
prior to the first addition of the extraction solvent. The concentration of the surrogate compounds 
spiked into the samples was determined based on the expected contamination level in the 
samples. For this project, all surrogates were spiked at low levels in the tissue samples. In 
addition to the surrogate solution, the BS, BSD, MS, and MSD quality control samples were 
spiked with a subset of the target PAH and PCB compounds. 



Organic compounds were extracted from the tissue samples using the organic solvent 
dichloromethane. For each sample, a 100-mL aliquot of solvent was added to the Teflon® jar 
and the sample was macerated at high speed for two minutes using a tissue extraction probe. The 
samples were centrifuged and the organic solvent layer was decanted into a flask. This extraction 
procedure was repeated two more times with fresh aliquots of solvent. The three solvent extracts 
per sample were combined and water was removed from the combined extract by adding 
approximately 75 g of sodium sulfate. All extracts were concentrated to approximately 1 mL, 
using KD concentrators and nitrogen evaporation. After sample extraction and concentration, the 
total extractable lipid weight was determined for each sample. Alumina column and HPLC 
cleanups were performed on the sample extracts to remove potential contamination that would 
interfere with sample analysis. Extracts were split into archive and working volumes. The 
working extract volume was further split - one-half was designated for PAH analysis and one-
half was cleaned with sulfuric acid and exchanged into hexane for PCB analyses. 



2.5.6.1.5. Tissue Sample Total Extractable Lipid Weight Determination 
After extraction with organic solvent and prior to extract cleanup procedures, the volume of the 
total sample extract was measured by withdrawing the entire extract into an appropriately sized 
glass syringe, recording the volume to the nearest 0.05 mL, and returning the sample to the vial. 



Using a glass-barreled syringe or a glass disposable micropipette, a 20- to 50-µL aliquot of the 
sample was withdrawn and transferred to a tared aluminum weighing pan. The pan was placed 
on a hot plate (approximately 60 °C) and sufficient time was allowed for solvent evaporation. 
The pan was placed on the hanger of a calibrated electrobalance and weighed to the nearest 0.01 
mg. The total extract sample volume, aliquot volume, and aliquot weight was then recorded in 
the project Laboratory Notebook. 



The total extractable {lipid} weight was calculated as follows: 



{[weight of extracted residue × (extract volume of sample/volume of 
aliquot)]/sample weight extracted} × 100% 



If dry weight results were to be reported, the sample dry weight extracted in the above 
calculation was used; if wet weight results were to be reported, the sample wet weight extracted 
in the above calculation was used. 
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Sample dry weight extracted=grams of wet sample extracted × decimal percent 
solids 



Total extractable weight only approximates total lipid weight. ADL’s method for approximating 
percent lipid is consistent with the procedures of other laboratories performing tissue analyses 
(EPA, Battelle). There are more complex and expensive methods, which more accurately 
determine percent lipids. ADL’s method for estimating percent lipids was consistent over the 
course of the SINKEX project. It should be noted that total extractable weight may provide a 
high bias estimate of total lipid weight. The magnitude of this bias, however, is variable, 
dependent upon several factors, and thought to be trivial. 



For percent solid determination, a 5-g aliquot of the macerated tissue for each sample was placed 
in a tared weighing pan, and weighed. The tissue was dried overnight at 103-105 ºC (the 
temperature of the oven was recorded daily). The sample and pan was allowed to cool and then 
re-weighed. Percent solids were calculated using the formula: 



% solids=(dried sample weight/wet sample weight) × 100% 



2.5.6.2. Fractionation by High Pressure Liquid Chromatography (HPLC) 
All extracts were fractionated to reduce matrix interferences utilizing an HPLC with a size-
exclusion column. The column was calibrated such with the expectation that fractions collected 
would contain PCBs and PAHs. Half of the 1-mL extract was injected onto a 320 mm x 21.2 mm 
size exclusion column. The column was then eluted with methylene chloride and the PCB/PAH 
fraction collected. This fraction was concentrated to 1 mL and exchanged into hexane. The 
fraction was then spiked with both PAH and PCB recovery standards and submitted for GC/MS 
and GC/ECD analysis, respectively. The recovery standard compounds were fluorene-d10 and 
chrysene-d12 for PAH analysis, and Tetrachloro-m-xylene (TCMX) for PCB analysis. 



2.5.6.3. Sample Analysis 
The final sample extracts were analyzed by GC/MS and GC/ECD instrumental techniques. 
Internal recovery standards were spiked into each sample for quantification of all target analytes. 
The extracts were concentrated to an appropriate pre-injection volume (PIV) and separate 
volumetric aliquots were delivered into the respective GC ports for each analysis. The amount of 
recovery standards added to the extracts approximated their concentration in the calibration 
standards. 



2.5.6.3.1. PCB Analysis 
The organics analyses were also conducted by ADL. Water, sediment, and tissue sample extracts 
were analyzed for PCB congeners, homologs, and Aroclors per ADL’s SOP ADL-2845, 
“Determination of PCBs by Gas Chromatography/Mass Spectrometry in the Selected Ion 
Monitoring Mode.” ADL’s PAH analysis method is a modified version of EPAs Method 680. 
The target PCB congeners, homologs, and Aroclors are listed in Table 2-25. The GC/MS was 
operated in SIM mode to obtain the desired sensitivity that is comparable to that of a GC 
equipped with an ECD. The GC/MS was first tuned with PFTBA to verify accurate mass 
assignment and to maximize the sensitivity of the instrument in the mass range of interest (100 to 
300 atomic mass units). After tuning, an initial calibration was performed which consisted of five 
calibration standards, at different concentration levels, spanning the concentration range of 
interest. Average response factors for each target compound and surrogate are calculated from 
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the initial calibration standards relative to the internal standard compounds added to the sample 
extracts just prior to instrumental analysis. Continuing calibration standards, at a mid-range 
concentration level, were analyzed every 18 hours or after every 12 sample analyses to monitor 
sensitivity and linearity of the GC/MS. Sample analyses were performed after acceptable 
calibration analyses were obtained. The average response factors generated from the initial 
calibration were used to calculate the concentrations of target compounds and surrogates in the 
environmental and quality control samples. The recoveries of the surrogate compounds spiked 
into the sample prior to extraction were used to assess sample-specific extraction efficiency. The 
target compound concentrations were adjusted based on sample-specific surrogate recoveries to 
correct for differences in extraction efficiency. 



Selected water, sediment, and tissue sample extracts were analyzed for PCB congeners per 
ADL’s SOP ADL-2818, “Determination of Chlorinated Pesticides and PCB Congeners by Gas 
Chromatography/ Electron Capture Detection.” ADL’s PCB congener analysis method is a 
modified version of EPA SW-846 Method 8081, using dual, dissimilar columns and dual 
detectors. A Restek RTX-5 column (or equivalent) was used as the primary column and a DB-17 
column (or equivalent) was used as the confirmation column. The target PCB congeners are 
listed in Table 2-25. Prior to sample analysis, an initial calibration was performed which 
consisted of five calibration standards, at different concentration levels ranging from 1 to 200 
ng/mL. Average calibration factors for each target compound and surrogate are calculated from 
the initial calibration standards (external standardization). Continuing calibration standards, at a 
mid-range concentration level, were analyzed every 18 hours or after every 10 sample analyses 
to monitor sensitivity, retention time stability, and linearity of the GC/ECD. Sample analyses 
were performed after acceptable calibration analyses were obtained. The average calibration 
factors generated from the initial calibration were used to calculate the concentrations of target 
compounds and surrogates in the environmental and quality control samples. When coelution 
occurred between one or more target compounds or when interference occurred on the primary 
column, the results were reported from the confirmation column for the affected compounds. 
Compound identification was based on 1) detecting a peak within the established retention time 
window for a specific compound on both the primary and confirmation columns and 2) the 
analyst’s judgment. The recoveries of the surrogate compounds spiked into the sample prior to 
extraction were used to assess sample-specific extraction efficiency. The target compound 
concentrations were adjusted based on sample-specific surrogate recoveries to correct for 
differences in extraction efficiency. 



Table 2-25. PCB Congener, Homolog, and Aroclor Target, Surrogate, and Internal Standard Compound List. 



Compound Surrogate 
Reference Compound Surrogate 



Reference 
PCB Congeners  PCB Aroclors  



8 - 2,4′-Dichlorobiphenyl 2 Aroclor 1221 2 
18 - 2,2′,5-Trichlorobiphenyl 2 Aroclor 1232 2 
28 - 2,4,4′-Trichlorobiphenyl 2 Aroclor 1242 2 
44 - 2,2′,3,5′-Tetrachlorobiphenyl 2 Aroclor 1248 2 
49 - 2,2′,4,5′-Tetrachlorobiphenyl 2 Aroclor 1254 2 
52 - 2,2′,5,5′-Tetrachlorobiphenyl 2 Aroclor 1260 2 
66 - 2,3′,4,4′-Tetrachlorobiphenyl 2 Aroclor 1262 2 
77 - 3,3′,4,4′-Tetrachlorobiphenyl 2 Aroclor 1268 2 
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Compound Surrogate 
Reference Compound Surrogate 



Reference 
87 - 2,2′,3,4,5′-Pentachlorobiphenyl 2   
101 - 2,2′,4,5,5'-Pentachlorobiphenyl 2 PCB Homologs  
105 - 2,3,3′,4,4′-Pentachlorobiphenyl 2 Monochlorobiphenyl 2 
118 - 2,3′,4,4′,5-Pentachlorobiphenyl 2 Dichlorobiphenyl 2 
126 - 3,3′,4,4′,5-Pentachlorobiphenyl 2 Trichlorobiphenyl 2 
128 - 2,2′,3,3′,4,4′-Hexachlorobiphenyl 2 Tetrachlorobiphenyl 2 
138 - 2,2′,3,4,4′,5′-Hexachlorobiphenyl 2 Pentachlorobiphenyl 2 
153 - 2,2′,4,4′,5,5′-Hexachlorobiphenyl 2 Hexachlorobiphenyl 2 
156 - 2,3,3′,4,4′,5-Hexachlorobiphenyl 2 Heptachlorobiphenyl 2 
169 - 3,3′,4,4′,5,5′-Hexachlorobiphenyl 2 Octachlorobiphenyl 2 
170 - 2,2′,3,3′,4,4′,5-Heptachlorobiphenyl 2 Nonachlorobiphenyl 2 
180 - 2,2′,3,4,4′,5,5′-Heptachlorobiphenyl 2 Decachlorobiphenyl 2 
183 - 2,2′,3,4,4′, 5′,6-Heptachlorobiphenyl 2   
184 - 2,2′,3,4,4′,6,6′-Heptachlorobiphenyl 2 Internal Standard  
187 - 2,2′,3,4′,5,5′,6-Heptachlorobiphenyl 2 Tetrachloro-m-xylene (TCMX) A 
195 - 2,2′,3,3′,4,4′,5,6-Octachlorobiphenyl 2   
206 - 2,2′,3,3′,4,4′,5,5′,6-Nonachlorobiphenyl 2 Surrogates  
209 - Decachlorobiphenyl 2 Dibromo-octafluoro-biphenyl (DBOFB) 1,A 
  PCB 103 2,A 
  PCB 198 3,A 



 
The list of congeners analyzed in SINKEX samples compares reasonably well to congeners 
reported in environmental samples. Table 2-26 displays 36 congeners found in the environment 
is reproduced from McFarland and Clarke, 1989: 



Table 2-26. PCB congeners reported in the environment (McFarland & Clark, 1989). 



IUPAC No. 
Group 1A Group 1B Group 2 Group 3 Group 4 



     
77 105 87 18 37 
126 118 99 44 81 
169 128 101 49 114 



 138 153 52 119 
 156 180 70 123 
 170 183 74 157 
  194 151 158 
   177 167 
   187 168 
   201 189 



Congeners listed in McFarland and Clarke (1989), but not analyzed in SINKEX samples are highlighted/shaded. 



 
McFarland and Clarke (1989) described their list of 36 congeners by enzyme induction type. 
Induction of some enzyme types may be linked to metabolic carcinogenic processes. Group 1A-
B congeners are most likely to contribute to adverse biological effects in environmental samples. 
Group 1A congeners are aryl hydroxylase enzyme inducers. Group 1B congeners are mixed type 
inducers (mixed function oxidase enzyme -type) frequently reported in environmental samples. 
The toxicity potential of congeners is inferred by mixed function oxidase enzyme induction. 
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Group 2 congeners are Phenobarbital type mixed function oxidase enzyme inducers prevalent in 
the environment, and most are relatively abundant in tissues. Group 3 congeners are weak or 
non-mixed function oxidase inducers, but are frequently found in environmental tissue samples 
(fish and invertebrates). Group 4 congeners are mixed type inducers that are relatively scarce in 
environmental samples. They are relatively scarce in tissue samples as well. 



2.5.6.3.2. PAH Analysis 
Water, sediment, and tissue sample extracts were analyzed for PAHs per ADL’s SOP ADL-
2827, “Determination of Polynuclear Aromatic Hydrocarbons and Selected Heterocyclic 
Compounds by Gas Chromatography/Mass Spectrometry in the Selected Ion Monitoring Mode.” 
ADL’s PAH analysis method is a modified version of EPA SW-846 Method 8270. Target 
analytes are shown in Table 2-27. The gas chromatograph/mass spectrometer (GC/MS) was 
operated in selected ion monitoring (SIM) mode to obtain the desired sensitivity that is 
comparable to that of a GC equipped with an electron capture detector (ECD). The GC/MS was 
first tuned with perfluorotributylamine (PFTBA) to verify accurate mass assignment and to 
maximize the sensitivity of the instrument in the mass range of interest (100 to 300 atomic mass 
units). After tuning, an initial calibration was performed which consisted of five calibration 
standards, at different concentration levels, spanning the concentration range of interest. Average 
response factors for each target compound and surrogate are calculated from the initial 
calibration standards relative to the internal standard compounds added to the sample extracts 
just prior to instrumental analysis (internal standardization). Continuing calibration standards, at 
a mid-range concentration level, were analyzed every 18 hours or after every 12 sample analyses 
to monitor sensitivity and linearity of the GC/MS. The average response factors generated from 
the initial calibration were used to calculate the concentrations of target compounds and 
surrogates in the environmental and quality control samples. The recoveries of the surrogate 
compounds spiked into the sample prior to extraction were used to assess sample-specific 
extraction efficiency. The target compound concentrations were adjusted based on sample-
specific surrogate recoveries to correct for differences in extraction efficiency (surrogate-
corrected). 



Table 2-27. PAH target, surrogate, and internal standard compound list. 



Compound (Abbreviation) Surrogate 
Reference Compound (Abbreviation) Surrogate 



Reference 
Naphthalene (C0N) 1 Benzo[a]anthracene (BAA) 3 
C1-Naphthalenes (C1N) 2   
C2-Naphthalenes (C2N) 2 Chrysene (C0C) 3 
C3-Naphthalenes (C3N) 2 C1-Chrysenes (C1C) 3 
C4-Naphthalenes (C4N) 2 C2-Chrysenes (C2C) 3 
  C3-Chrysenes (C3C) 3 
Acenaphthene (ACE) 2 C4-Chrysenes (C4C) 3 
Acenaphthylene (ACEY) 2   
Biphenyl (BIP) 2 Benzo[b]fluoranthene (BBF) 4 
  Benzo[k]fluoranthene (BKF) 4 
Fluorene (C0F) 2 Benzo[a]pyrene (BAP) 4 
C1-Fluorenes (C1F) 2 Benzo[e]pyrene (BEP) 4 
C2-Fluorenes (C2F) 2 Perylene (PER) 4 
C3-Fluorenes (C3F) 2 Indeno[1,2,3-c,d]pyrene (IND) 4 
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Compound (Abbreviation) Surrogate 
Reference Compound (Abbreviation) Surrogate 



Reference 
  Dibenzo[a,h]anthracene (DAH) 4 
Dibenzothiophene (C0D) 3 Benzo[g,h,i]perylene (BGP) 4 
C1-Dibenzothiophenes (C1D) 3   
C2-Dibenzothiophenes (C2D 3   
C3-Dibenzothiophenes (C3D 3   
    
Phenanthrene (C0P) 3 Surrogate Compounds  
Anthracene (C0A) 3 Naphthalene-d8 (D8N) 1,A 
C1-Phenanthrenes/Anthracenes (C1P/A) 3 Acenaphthene-d10 (D10AC) 2,A 
C2-Phenanthrenes/Anthracenes (C2P/A) 3 Phenanthrene-d10 (D10PH) 3,A 
C3-Phenanthrenes/Anthracenes (C3P/A) 3 Benzo[a]pyrene-d12 (D12BAP) 4,B 
C4-Phenanthrenes/Anthracenes (C4P/A) 3   
    
Fluoranthene (FLANT) 3   
Pyrene (PYR) 3 Internal Standards  
C1-Fluoranthenes/Pyrenes (C1F/P) 3 Fluorene-d10 (D10FL) A 
C2-Fluoranthenes/Pyrenes (C2F/P) 3 Chrysene-d12 (D12C) B 
C3-Fluoranthenes/Pyrenes (C3F/P) 3   



 



2.5.6.3.3. Inorganics/Metals Analysis 
The inorganics/metals analyses were conducted by the Environmental Sciences Department of 
the Engineering Division at the Florida Institute of Technology. Initially, each wet sediment 
sample was homogenized using a Teflon® mixing rod. Then, a portion (~2 g) of each sample 
was transferred into pre-weighed plastic vials to determine water content. Once transferred, the 
wet sediment and the vial were re-weighed. Then, the sediment samples were frozen, freeze-
dried and re-weighed to determine the water content. The dried sediment samples were 
homogenized again using a Teflon® mixing rod. 



About ~0.45-g of freeze-dried, homogenized sediment and standard reference sediment (BCSS-
1) were totally digested in Teflon® beakers using concentrated, high-purity HF-HNO3-HClO4. 
Total digestion of the sediments is preferred because then no doubt remains about the absolute 
amount of metal associated with a sample. In the digestion process, 1 mL HClO4, 1 mL HNO3 
and 3 mL HF were added to the sediment in a Teflon beaker and heated at 50 °C with a Teflon® 
watch cover in place until a moist paste formed. The mixture was heated for another 3 hours at 
80 ºC and then an additional 2 mL HNO3 and 3 mL HF were added before heating the sample to 
dryness. Finally, 1 mL HNO3 and about 30 mL distilled, deionized water (DDW) were added to 
the sample and heated strongly to dissolve perchlorate salts and reduce the volume. The 
completely dissolved and clear samples were then diluted to 20 mL with DDW. This technique is 
100% efficient with no loss of the elements studied and has been used successfully in the FIT 
laboratory for many years with a variety of sediment types. 



Sediment for Hg analysis were prepared by heating 2-4 g of wet sediment in acid-washed, 
polyallomer centrifuge tubes with 4 mL HNO3 and 2 mL H2SO4. Sample tubes were heated for 1 
hour in a 90 °C water bath and allowed to cool. Each tube was centrifuged at 2,000 rpm and the 
supernate decanted into a 25 mL graduated cylinder. The sediment pellet was rinsed twice with 5 
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mL of DDW, centrifuged and decanted into the graduated cylinder before diluting to a final 
volume of 20 mL with DDW. 



Labware used in the digestion process was acid washed with hot, 8N HNO3 and rinsed three 
times with DDW. One procedural blank, one duplicate sample and one or two SRMs were 
prepared with this set of samples. Standard Reference Material BCSS-1 and MESS-2 issued by 
the National Research Council of Canada were used for sediment trace metal and Hg analysis, 
respectively, because BCSS-1 is not certified for Hg. 



Samples, standard reference sediments, and procedural and reagent blanks were analyzed by 
either flame atomic absorption spectrometry (FAAS-Al, Cr, Cu, Fe and Zn) using a Perkin-Elmer 
4000 instrument, Zeeman graphite furnace atomic absorption spectrometry (ZGFAAS-Ag) using 
a Perkin-Elmer 5100 instrument, cold vapor atomic absorption spectrometry (CVAAS-Hg) using 
a Laboratory Data Control Model 1235 Mercury Monitor or inductively coupled plasma-mass 
spectrometry (ICP-MS-Cd, Ni and Pb) using an ELAN 5000 instrument. All analytical 
techniques followed manufacturer’s specifications, SOPs on file at FIT and the details provided 
in the QA/QC section below. These methods are closely akin to the EPA methods described for 
Series 200 (AAS, GFAAS, CVAAS and ICP-MS as described in EPA (1991). Matrix 
interferences were carefully monitored for all elements using the method of standard additions. 



Table 2-28. Metals target analyte list and methods. 



Element Method 



Silver (Ag)* ICP-MS 



Aluminum (Al) FAAS 



Cadmium (Cd)* GFAAS, ICP-MS 



Chromium (Cr) FAAS, GFAAS 



Copper (Cu)* FAAS, ICP-MS 



Iron (Fe)* FAAS 



Mercury (Hg)* CVAAS 



Nickel (Ni)* FAAS, ICP-MS 



Lead (Pb)* ICP-MS 



Zinc (Zn) FAAS 



*Also analyzed as Simultaneously Extracted Metals in sediments 
GFAAS - Graphite Furnace Atomic Absorption Spectrophotometry 
FAAS - Flame Atomic Absorption Spectrophotometry 
CVAAS - Cold Vapor Atomic Absorption Spectrophotometry 
ICP-MS - Inductively Coupled Plasma Mass Spectrometry 



2.5.6.3.4. Sediment – Grain Size Analyses 
Between September 1998 and November 1999 (SINKEX Cruises II, IV, and V), 14 samples 
were collected and analyzed for grain size at the MEC laboratory in Carlsbad, California (Table 
2-10). Eighty grams of sediment were utilized for sediment grain size analysis. Prior to sample 
analysis sediments were stored on ice but not frozen. Grain size analysis was conducted in two 
parts: grain sizes larger than 64 microns were measured gravimetrically using graded series of 
sieves to provide grain sizes in half phi intervals. Sediment particles smaller than 64 microns 
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were analyzed using a pipette withdrawal procedure following the methods of Plumb (1981) 
providing grains size in whole phi units. 



Sediment samples were thoroughly homogenized with a stainless steel spatula, and 
approximately 40 g of sediment was transferred into deflocculent bottles. Sodium 
hexametaphosphate (deflocculent) was added to the sediment in each bottle, and the contents 
were mixed and allowed to stand for 12 hours. Samples were washed over a 63-µm screen placed 
over an evaporating dish in order to catch the silt/clay solution. The sand retained on the screen 
was transferred to a porcelain dish and dried for 12 hours at 50-85 °C. The sand was then placed 
on the top sieve of an 11-sieve stack (2.00 mm to 63 µm) and shaken for 10 minutes. Starting 
with top sieve, the sand retained on each sieve was weighed to obtain the contribution of each 
phi size. The silt/clay solution was transferred from the evaporating dish to a 1,000-mL 
graduated cylinder, which was then filled to 1,000 mL with deflocculent. The cylinder was 
placed in a 24 °C water bath, and the sample mixed for one minute with a plunger. Six, 25-mL 
aliquots of sample were pipetted from the cylinder at different depths and times and transferred 
to 50-mL beakers. The beakers were dried for 12 hours at 95-105 °C and weighed to determine 
the percent silt and clay in the sample. 



2.5.6.3.5. Sediment - Total Organic Carbon 
Between the 1998 and 1999 sampling period, instrumentation used to process sediment TOC was 
changed at FIT and the new equipment dictated the extraction of a larger quantity of sediment. 
Re-analysis of the TOC data in spring of 2002 suggested a potential high bias for the 1998 
samples, which were dominantly Inner Ring stations. Archived sediment samples from Inner 
Ring stations 1-1, 1-2, 1-3, 1-4, 1-6, 1-7, and 1-8 were subsequently reanalyzed using the 1999 
instrumentation and methods and this data is used throughout this report. Station 1-5 was not 
reanalyzed, due to low archive quantities, and the original TOC data for this 1998 analysis is 
used in the report. 



Initially, an aliquot of sediment was treated with concentrated HCl and dried to remove any 
inorganic carbon present. Once dry, the samples were re-weighed to determine the increase in 
weight due to the addition of acid and resultant formation of CaCl2. Then, approximately 10-20 
mg of pre-treated sediment was weighed into tin cups and combusted at 1,020 °C. The total 
organic carbon (TOC) content of sediment samples was determined using a Carlo-Erba NA1500 
nitrogen-carbon-sulfur analyzer following manufacturer’s instructions. The TOC concentrations 
were corrected to account for the increase in sediment weight. Precision was determined by 
analyzing selected sediment samples in duplicate and averaged about 3%. The accuracy of the 
OC analyses was obtained by analyzing standard sediment BCSS-1 issued by the National 
Research Council of Canada (NRC). Results obtained for the standard sediment BCSS-1 agree 
within the mean ± standard deviation of the values reported by the NRC. 



2.5.6.3.6. Sediment - Calcium Carbonate 
The calcium carbonate content of these sediments was determined using a carbonate bomb 
method (Schink et al., 1978). The carbonate bomb is a gasometric device that measures the 
amount of CO2 produced when a sample is treated with 6N HCl. Variable amounts of pure 
CaCO3 (0.10 to 1.00 g) were reacted with 18 mL of 6N HCl to obtain a calibration curve. The 
calibration curve consisted of plotting the pressure change (amount of evolved CO2 and measure 
nanometrically) versus weight of CaCO3. Next, the CaCO3 content of each sample was 
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determined by reacting a 1.00g sample with 6N HCl and taking the resulting pressure change and 
finding the corresponding CaCO3 weight on the calibration curve. The percent CaCO3 was 
obtained by multiplying the corresponding weight by 100. 



2.5.6.3.7. Sediment - Acid Volatile Sulfide/Simultaneously Extracted Metals (AVS/SEM) 
Approximately 4-9 g of sample were homogenized, weighed and analyzed for AVS using the 
cold acid purge and trap method (Di Toro et al, 1990). The homogenized sample was placed in a 
flask containing 45 mL of deionized and deoxygenated water as the system had been purged 
using 99.999% nitrogen. The sulfide in the sediment was then volatilized by injecting 45 mL of 
deoxygenated 2N HCl through a septum. The flask was continuously stirred while being purged 
with 99.999% nitrogen. The nitrogen was passed through an impinger containing 45 mL of a 
sulfide anti-oxidant buffer (SAOB), which acted to trap and prevent oxidation of the sulfide. The 
SAOB consisted of 2M NaOH, 0.1M ascorbic acid and 0.1M EDTA. After a 1-hour reaction 
time, the SAOB solution was placed into a 100-mL volumetric flask. The SAOB solution was 
brought to a final volume of 100 mL by adding the solution obtained from rinsing the impinger 
flask with a 1:1 solution of SAOB and deionized, deoxygenated water. SAOB sulfide 
concentrations were determined with a sulfide specific ion probe (Orion Model #9616BN). The 
probe was calibrated for each analysis using known concentrations of sodium sulfide/SAOB 
solution with a minimum 5-point curve. The sediment/acid slurry remaining at the end of the 
reaction was filtered into 100-mL volumetric flasks through a Whatman #40 ashless paper filter. 
The reaction flasks were rinsed with DDW and the rinse was used to bring the filtrate to volume. 
This filtrate was then stored in acid washed polyethylene bottles until analysis for simultaneously 
extracted metals. 



Concentrations of Cu, Fe, Ni and Zn were determined by flame AAS using a Perkin-Elmer 
model 4000 instrument. Values of Cd and Pb were determined by GFAAS using the Perkin-
Elmer model 4000 instrument equipped with an HGA-400 heated graphite atomizer AS-40 
autosampler. 



2.5.6.3.8. Sediment - Geochronology 
Approximately 8-10 grams of freeze dried sediment from each layer (0.5-1.0 cm thick) of the 
sediment cores were ground to a fine powder using a Spex 8000 mixer mill. The samples were 
then tightly packed into a 2 cm diameter, 5 cm long polycarbonate vial to a depth of 30±1 mm. A 
rubber stopper was used to seal the vial and was cemented into place with two part epoxy to 
prevent leakage of 222Rn and disruption of secular6 equilibrium between 226Ra and 210Pb. The 
samples were then set aside for at least 20 days to establish secular equilibrium and the activities 
of the various radionuclides were then determined by counting. 



The sealed vial was placed in a well-type intrinsic germanium detector, “WiGe” (Princeton 
Gamma Tech Model IGW11023). The samples were then counted for a period of 1-2 days or 
until sufficient counts of the pertinent radionuclides were obtained (>1000 net counts for 210Pb). 



The peaks monitored for the purposes of this study were: 210Pb at 46.5 KeV, 214Pb at 295.2 KeV 
and 351.9 KeV, 214Bi at 609.3 KeV, and 137Cs at 661.6 KeV. The 226Ra daughter isotopes 214Pb 
                                                 
6 Secular equilibrium is a steady-state condition of equal activities between a long-lived parent radionuclide (e.g., 
238U) and it is short- lived daughter (e.g., 234U). 
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(2 peaks) and 214Bi were used to determine the activity of 226Ra. Detector efficiency and counting 
accuracy were standardized using standard reference river sediment 4350B (137Cs) from the U.S. 
National Institute of Technology and Standards and using RGU-1 (210Pb) from the International 
Atomic Energy Agency. 



Sedimentation rates (S) in cm/yr were calculated using the following equations with the 
assumptions being made that there is no sediment mixing: 



For 137Cs:   



  Depth in cm at which ActivityCs-137=maximum 



 S = (Year – 1963) in years 



   



For 210Pb:   



  (-) decay constant for 210Pb (0.0311 y-1) 



 S = Slope for plot of natural logarithm (ln) excess 210 Pb vs. sediment depth 



 



The activity of excess 210Pb was calculated by subtracting the mean of A(Pb-214, Bi-214) from APb-210. 



2.5.6.3.9. Tissue - Trace Metals 
In preparation for analysis, each tissue sample was homogenized with a Teflon® mixing rod. 
Then a 0.3 to 1.5 g portion of tissue was transferred to a tared plastic vial and reweighed for 
determination of percent water content (required for Hg analyses). At this time, an additional 
weighed portion of each homogenized wet tissue was transferred to a 50 mL polypropylene 
centrifuge tube to be digested for total Hg content. The plastic vials containing the wet tissue for 
percent water content were then freeze-dried, reweighed and the water content was calculated. 



Tissue samples for determining concentrations of all metals except Hg were prepared using ~4 g 
of wet sample. The tissue was transferred to pre-weighed, 100 mL glass digestion flasks, 
reweighed, freeze-dried and the percent water content was calculated. These freeze-dried tissues 
and ~0.5 g portions of tissue SRM (#1566a, oyster tissue issued by the National Institute of 
Standards and Technology and DORM-2, a dogfish muscle issued by the NRC) were totally 
dissolved by refluxing with concentrated, high-purity HNO3, H2O2 and HCl. Once the tissue 
samples were completely dissolved, the clear solutions were transferred to graduated cylinders, 
diluted to 20 mL with DDW rinses of the flasks, and then stored for analysis in 30 mL 
polyethylene bottles. 



The wet tissue samples (1-3 g) for Hg analysis, along with 0.2-0.4 g portions of tissue SRM 
(#1566a, oyster tissue issued by the National Institute of Standards and Technology and DORM-
2, a dogfish muscle issued by the NRC), were each digested by refluxing with high-purity HNO3 
and H2SO4 in the original polypropylene centrifuge tubes. Once the Hg digestion was complete, 
the solution was decanted into graduated cylinders, diluted to a final volume of 20 mL with 
reagent water rinses of the centrifuge tubes and stored for analysis in 30 mL polyethylene bottles. 



Metal concentrations in the digested tissue samples, tissue SRMs and procedural blanks were 
determined by FAAS, GFAAS, ICP-MS or CVAAS in a manner compatible with the EPA Series 
200 techniques (EPA, 1991). Concentrations of Al, Cd, Cu, Fe and Zn were measured by FAAS 
using a Perkin-Elmer Model 4000 system. Chromium and Ni concentrations were determined by 
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GFAAS using a Perkin-Elmer Model 4000 AAS with an HGA-400 graphite furnace and AS-40 
autosampler. Concentrations of Ag were determined using a Perkin-Elmer Model 5100PC AAS 
with a HGA-600 and AS-60 autosampler. Tissue concentrations of Pb were measured by ICP-
MS using a Perkin-Elmer ELAN 5000 spectrometer. Mercury concentrations were determined by 
CVAAS using a Laboratory Data Control Model 1235 Mercury Monitor. In all cases, the 
manufacturers specifications were followed and adherence to QA/QC requirements was 
maintained. 



2.5.6.4. Definition of Method Detection Limits 
The U.S. Environmental Protection Agency defines the method detection limit (MDL) to be “the 
minimum concentration of a substance that can be measured and reported with 99 percent 
confidence that the analyte concentration is greater than zero.” The EPA procedure used for 
establishing MDLs is described in Appendix C to Part 136 “Definition and Procedure for the 
Determination of the Method Detection Limit - Revision 1.11,” 40 CFR 136, 1986. This 
procedure consists of preparing and analyzing seven aliquots of a standard spiked at three to five 
times the expected MDL. The MDL is defined as approximately three times the standard 
deviation of the mean value for the seven analyses. The Arthur D. Little Environmental 
Monitoring and Analysis laboratory (ADL) calculated sample-specific method detection limits 
(sometimes referred to as minimum detection limits) by adjusting the MDL for the sample-
specific preparation factors such as sample mass extracted, percent solid content, and dilution 
factors. It was the sample-specific MDL that was reported in the electronic data deliverables 
submitted to the Navy for the organic compound results. In general, few organic results were 
detected and reported at concentrations below the MDL. The Florida Institute of Technology, 
Marine and Environmental Chemistry Laboratories (FIT), calculated MDLs by the same method; 
however, FIT did not adjust the MDLs for sample-specific preparation factors. It was the 
unadjusted MDL that was reported in the electronic data deliverable submitted to the Navy for 
the inorganics/metals analyte results. In general, it was also the unadjusted MDL that was 
reported in the electronic data deliverable as the minimum reporting limits (MRL) for the 
inorganics/metals analyte results. 



Sample-specific MRLs were calculated for each sample and were based on the concentration of 
the lowest level calibration standard adjusted for all sample preparation factors. ADL’s MRL 
was consistent with a practical quantitation limit (PQL). The MRL is considered to be the value 
at which the results can be accurately quantitated. Results reported at concentrations less than the 
MRL (and thus less than the lowest calibration standard) were qualified with a “J” by the 
laboratory to indicate that the result was an estimated value. In general, on a compound-by-
compound basis, the MRLs were normally 3 to 10 times greater than the MDL. 



The fundamental difference between detection limits and quantitation/reporting limits is that 
detection limits are considered the lowest concentration that can be accurately detected by the 
method, whereas, quantitation limit is considered the lowest concentration that can be accurately 
quantitated by the method. Thus, results reported at concentrations below the quantitation/ 
reporting limit were considered to be estimated values and qualified with a “J”. Often, the 
quantitation limit is set at the concentration equal to the concentration of the lowest level 
calibration standard. For example, in a CLP Statement of Work for Organics, the contract 
required quantitation limit (CRQL) is equal to the lowest level calibration standard adjusted for 
sample preparation factors. However, in the SINKEX Project, quantitation limits were generally 
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reported for organic nondetect data, and, MDLs or instrument detection limits (IDLs) were 
generally reported for inorganic nondetect data. 



For this project, any compound confirmed to be present in the sample (e.g., mass spectrum meets 
identification criteria) was reported as a positive result regardless of the result concentration. All 
results detected at concentrations below the sample-specific MRL were qualified with a “J” by 
the laboratory. These results were considered to be estimated values due to uncertainty in 
quantitation below the calibrated range of the instrument. There were also positive results 
reported at concentrations below the MDL when the compound identification criteria were met. 
If a compound was not detected or did not meet the compound identification criteria, the 
compound was reported as a nondetect. In the electronic data deliverables, the nondetect values 
were reported with a value of zero and a “ND” or “U” qualifier. It was left to the judgment of the 
data user to determine the best value to be used for nondetects based on specific data analysis 
needs. 



For samples collected during cruises IV and V, the concentration of the lowest level initial 
calibration standard for Method 8081 (PCB Congeners by GC/ECD) was reduced from 5 parts-
per-billion (ppb) to 1 ppb. Acceptable linearity of the instrument was consistently achieved when 
the 1 ppb standard was included with the initial calibration, indicating that the instrument’s 
sensitivity was adequate to reliably detect and quantitate the compounds to this lower 
concentration level. However, the Method 8081 MDL study, which was originally performed 
using 5 ppb standards, was not immediately redone to coincide with initial usage of the lower 
initial calibration standard. Thus in several cases, the sample-specific MRLs are less than the 
associated MDLs. 



2.5.6.5. Quality Assurance/Quality Control for Chemistry Samples 



2.5.6.5.1. Quality Assurance for Organics 
Sample processing was conducted in accordance with the laboratory Quality Assurance Plan 
(QAP). The plan describes the laboratory quality assurance (QA) structure and organization. The 
following is a general description of some of the plan elements as they apply to this project. 
Exceptions to the quality control elements are documented and filed with the appropriate 
laboratory report. 



Water, sediment, sediment cores, and tissue samples were collected by SSC-SD with contractor 
support. The samples were transported to the laboratory at appropriate temperatures and under 
strict chain-of-custody procedures. Arthur D. Little received the study samples intact and in good 
condition. A listing of the project samples, copies of the chains-of-custody, sample results, and 
quality assurance/quality control (QA/QC) results are included in the ADL data reports for 
Delivery Orders 17, 21, and 24. 



Detailed laboratory records were maintained throughout the processing of samples. All raw 
instrumental data are archived electronically. Completed records or copies of forms were 
collated into a binder as a final data package with sufficient detail for audit. The final laboratory 
data package includes: 



• Lot numbers, vendor, and preparation records for reagents and standards 
• Sample preparation records 
• Analytical procedures used that are not documented in laboratory SOPs 
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• Instrument analysis records 
• Instrument raw data hardcopy 
• Documentation of observations or deviations encountered 



2.5.6.5.2. Quality Control for Organics 
A number of measures were added to the processing of samples to monitor quality control (QC) 
and to aid in the assessment of the usability of the data with respect to the project objectives. An 
important part of this was the evaluation of specific QC samples for accuracy, precision, and 
potential contamination. The method summaries included in this report and the project-specific 
work plan contain details of the quality control samples required for each analytical method. The 
data quality analyses and Data Quality Objectives (DQOs) for the PAH and PCB analysis 
methods are summarized in Table 2-29 and Table 2-30. 



Each lot of solvent received at the laboratory was tested by the applicable analytical method to 
determine potential solvent contamination prior to use. 



Preparation of analytical standards is described in the relevant laboratory SOP. Prior to spiking 
the samples with surrogate, matrix spike, and/or internal standard solutions, all standard 
solutions were analyzed to determine accuracy of preparation and potential contamination. 



Instruments were calibrated prior to sample analysis by analyzing standard solutions of 
containing the target and surrogate compounds at different concentration levels spanning the 
concentration range of interest. The linearity of the instrument over the selected concentration 
range was checked. A continuing calibration standard was analyzed regularly to check the 
stability of the instrument response and the compound retention times. If the variability of either 
the initial calibration or the daily calibration did not meet the criteria set in the project-specific 
work plan, a new calibration was run and the affected samples reanalyzed. 



To assess the accuracy of the calibration standards, an independent reference material (IRM) was 
analyzed. Instrument calibration was considered acceptable if the reported concentrations of the 
compounds in the IRMs were within 15 percent of the target concentrations (for PAH analysis 
only). 



Standard Reference Materials (SRMs) were obtained from National Institute of Standards and 
Technology (NIST) and are contaminated environmental samples that have been repetitively 
analyzed to determine certified values. For this project tissue and sediment SRMs were prepared 
and analyzed with the tissue and sediment samples. SRMs are used to assess the effect of the 
sample processing procedures and matrix on method accuracy. 



A solution of an assayed crude oil was analyzed with each analytical sequence. The results were 
compared to previously established laboratory means to assess method accuracy. The solution 
was also used to provide pattern information and aid in sample fingerprinting (for PAH analysis 
only). 



A procedural blank was processed and analyzed with each sample preparation batch in order to 
monitor potential contamination resulting from laboratory solvents, reagents, glassware, and 
processing procedures. 
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Blank spikes and blank spike duplicates were prepared by spiking representative target 
compounds into a blank matrix to assess the effect of the sample processing procedure 
independent of sample matrix effects on method accuracy and precision. 



Duplicate samples were prepared by extracting and analyzing a second representative aliquot of 
a sample. Comparisons of the original and duplicate sample results were used to assess the effect 
of the sample processing procedures and sample matrix effects on method precision. 



A surrogate is a known compound, which is not present in environmental samples, that is added 
to a sample prior to processing. The chemical properties of the surrogate compounds must be 
close to the target compounds. The surrogate was measured to assess the sample preparation 
efficiency and impacts of sample handling. Surrogates may also be used to adjust the target 
compound concentrations to correct for loss during sample preparation (surrogate correction). 
Surrogates were added to all samples prior to preparation. 



Target compound concentrations, surrogate and matrix spike recoveries, and additional QC 
sample results were determined in the respective laboratories. After careful checking and review, 
analysts transferred data electronically from the instrument data systems to ADLs data 
management software for further data review, qualification, and edits. All data summary forms 
were generated from the data management software and were compared with the instrument 
quantitation reports for accuracy. The data summaries were arranged in spreadsheet format. 



The chemistry data for each analysis were reduced and reviewed by the laboratory staff and then 
assembled into the final laboratory data package. The assembled package was reviewed and 
validated by the facility supervisor or staff responsible for each analysis. The data were checked 
to ensure that data quality objectives were met, that the analyses met the project objectives, and 
that the data were traceable and defensible. The Project Manager also reviewed the data for 
compliance with the documented procedures and quality objectives. Data were also reviewed for 
internal consistency and against expected or known values. All final laboratory data packages 
and the associated electronic data deliverables were audited by the Quality Assurance Manager 
or data review specialists according to the procedures outlined in ADLs data auditing SOP. 



All results detected at concentrations below the sample-specific minimum reporting limit (MRL), 
but above the method detection limit (MDL), are estimated values due to uncertainty in 
quantitation below the calibrated range of the instrument and due to increased variability at 
concentrations near the method detection limit (MDL). However for the SINKEX study, 
additional measurements that fell below MDL would have been qualified as estimated (J) due to 
minor quality control exceedances, if these data were validated according to EPA guidelines. 
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Table 2-29. Data quality objectives and criteria for PAHs and PCB congeners, homologs, and Aroclors by 
GC/MS SIM. 



Element or Sample Type Minimum Frequency Data Quality Objective/Acceptance 
Criteria 



Initial Calibration Prior to every batch sequence. 5-point curve. %RSD <25% for 90% of 
analytes and <35% for all analytes. 



Continuing Calibration Must end analytical sequence and 
every 12 samples or 18 hours, 
whichever is more frequent. 



%D <25% for 90% of analytes and 
<35% for all analytes. 



Procedural Blank Every batch/every 20 field samples. No more than 2 analytes to exceed 5x 
PQL unless analyte was not detected 
in associated sample(s) or associated 
sample compound concentrations are 
>10x blank value.  



Blank Spike/Blank Spike 
Duplicate Sample 



Every batch/every 20 field samples. 50-150% recovery, RPD <35%. 



SRMs (SRM 1941a for 
sediment, 1974a for tissue) 



Every batch/every 20 field samples. Values ±35% difference of true value 
for all certified analytes, two may 
exceed. 



Duplicate Analysis One per 40 field samples. RPD <35% for all analytes that are 
detected at concentrations >10 times 
the MDL; mean RPD <35%. 



Matrix Spike, Matrix Spike 
Duplicate Sample 



Every batch/every 20 field samples. 45-150% recovery, RPD <35%. 



Surrogate Standards Every sample. 40-125%: d8-napththalene, d10-
acenaphthene, d10-phenenthrene 
40-135%: d12-benzo[a]pyrene 
45%-125%: all surrogates, one is 
allowed out 



IRMs One set per batch of samples after 
every ICAL. 



Values <20% difference of true value 
for all certified analytes. 



Oil Reference Standard (North 
Slope Crude) 



One set per batch of samples after 
every ICAL (PAH analysis only). 



North Slope Crude <35% D from 
laboratory mean for target compounds 
(use surrogate-corrected values) 
detected at concentrations > the 
reporting limit. 
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Table 2-30. Data quality objectives and criteria for PCB congeners by GC/ECD. 



Element or Sample Type Minimum Frequency Data Quality Objective/ Acceptance 
Criteria 



Initial Calibration Prior to every batch sequence. 5-point curve. %RSD <25% for 90% of 
analytes and <35% for all analytes. 



Continuing Calibration Must end analytical sequence and 
every 10 samples or 18 hours, 
whichever is more frequent. 



%D <25% for 90% of analytes and 
<35% for all analytes. 



Procedural Blank Every batch/every 20 field samples. No more than 2 analytes to exceed 5x 
PQL unless analyte was not detected 
in associated sample(s) or associated 
sample compound concentrations are 
>10x blank value.  



Blank Spike/Blank Spike 
Duplicate Sample 



Every batch/every 20 field samples. 50-150% recovery, RPD <35%. 



SRMs (SRM 1941a for 
sediment, 1974a for tissue) 



Every batch/every 20 field samples. Values ±35% difference of true value 
for all certified analytes, two may 
exceed. 



Duplicate Analysis One per 40 field samples. RPD <35% for all analytes that are 
detected at concentrations >10 times 
the MDL; mean RPD <35%. 



Matrix Spike, Matrix Spike 
Duplicate Sample 



Every batch/every 20 field samples. 45-150% recovery, RPD <35%. 



Surrogate Standards Every sample. 45%-125% all surrogates, one is 
allowed out 



IRMs One set per batch of samples after 
every ICAL. 



Values <15% difference of true value 
for all certified analytes GC-ECD. 



2.5.6.5.3. Quality Assurance/Quality Control for Inorganics and Metals 
Sample Tracking Procedure. Upon receipt, each sediment and tissue sample received by the 
Marine & Environmental Chemistry Laboratories at Florida Institute of Technology was 
carefully inspected to insure that it was intact and that the identification on the sample container 
matched that found on the custody sheet. All samples were kept refrigerated (~1 ºC) until 
processed for analysis. 



Quality Control Measurements for Analysis. For this project, QC measures included balance 
calibration, instrument calibration (FAAS, ZGFAAS, CVAAS, Gamma spectrometer, NCS 
analyzer and ICP-MS), matrix spike analysis for each metal, duplicate sample analysis, SRM 
analysis, procedural blank analysis, and standard checks. With this batch of samples, one 
procedural blank, one or two SRM, one duplicate sample and one matrix spiked sample also 
were analyzed. Data quality objectives (DQOs) for these QC measurements are provided in the 
table entitled “Data Quality Objectives and Criteria”. 



Instrument Calibration. Electronic balances used for weighing samples and reagents were 
calibrated prior to each used with certified (NBS traceable) standard weights. All pipets 
(electronic or manual) were calibrated prior to use. Each of the spectrometers used for metal 
analysis, as well as for the calcium carbonate determinations, was initially standardized with a 
three- or five-point calibration and a linear correlation coefficient of r=0.999 required before 
experimental samples could be analyzed. Analysis of complete three- to five-point calibrations 
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and single standard checks alternated every 5 to 10 samples until all analyses were complete. In 
all instances, the linear regression of the standards met the DQOs. The relative standard 
deviation (RSD) for the initial calibration and subsequent calibration were <15% in all instances. 



Matrix Spike Analysis. Matrix spikes were prepared for a minimum of 5% of the total number of 
samples analyzed and included each metal to be determined. Results from matrix spike analysis, 
using the method of standard additions, provides information on the extent of any signal 
suppression or enhancement. Results for matrix spikes were within the 80-120% limit specified 
in the DQO, for all metals except Hg in the tissue samples (~70%). This low recovery is 
commonly observed when organic-rich samples are analyzed by CVAAS; thus, all tissue Hg 
concentrations reported in the tables were corrected for their spike recoveries. 



Duplicate Sample Analysis. A duplicate subsample from homogenized field samples (as distinct 
from field replicates) was prepared in the laboratory. This laboratory duplicate was included as 
part of the set of sample digestions and analyses and provides a measure of analytical precision. 
Results for the duplicate sample was below 25% as required by the DQO. 



Procedural Blank Analysis. One procedural blank was prepared with this set of samples to 
monitor any potential for metal contamination. The blank utilized the same reagents, handling 
techniques and analytical scheme as the experimental samples. No contamination from either of 
these sources was noted and the analytes did not exceed 5 times the MDL. 



Field Blank Analysis. Four field blanks (2 control DI water and 2 tissumizer DI water samples) 
were analyzed for trace metals to monitor potential contamination from field operations. No 
contamination from any of these sources was noted and the concentrations of the analytes in the 
blanks were <5 times the MDL, except for Ag (2nd set of tissue samples in both the control DI 
water and the tissumizer DI water) and Ni (1st set of tissue sample in the tissumizer DI water). 



SRM analysis. A common method used to evaluate the accuracy of environmental data is to 
analyze SRMs, samples for which consensus or “accepted” analyte concentrations exist. The 
following SRMs were used: Marine Sediment, BCSS-1, issued by the NRC; Oyster Tissue 
(NIST SRM #1566a) and Dogfish Muscle (NRC DORM-2). Metal concentrations obtained for 
the SRMs were within ±20% of accepted values for >85% of other certified analyses as required 
by the DQO 



2.5.7. Toxicity Testing 
The toxicity and bioaccumulation testing was conducted by the MEC Inc., Carlsbad, CA. 
Bioassay/toxicity testing has become a standardized method to determine if sediment samples 
have the potential to impact sensitive test organisms. It was decided that that the sediments near 
the study vessel would be sampled and evaluated for toxicity. Additionally, the protocols for 
conducting these tests and the criteria for evaluating the results would be based on ocean 
disposal criteria (USEPA/USACE 1991). While toxicity testing for ocean disposal of dredged 
sediments has become routine, interpretation of laboratory results requires evaluation of the test 
conditions as well as other environmental factors that can affect test results. Since factors other 
than the Contaminant(s) of Concern (COC) can affect laboratory test results, toxicity results are 
often considered just one component of the sediment “triad” approach for evaluating sediment 
toxicity. In the broader context of evaluating sediment toxicity, the sediment “triad” approach 
has been widely used and it includes not only toxicity tests but also measures of sediment 
contaminant concentrations and infaunal communities. Thus, to support an evaluation of 
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sediment toxicity one should not only consider the laboratory toxicity test results, but also 
whether there were any chemicals of concern at concentrations that might cause effects as well 
as the “health” of the infaunal community. For example, sediment toxicity is most likely 
indicated if there is poor survival in an acute toxicity test coupled with COC at concentrations 
known to cause effects, and a depauperate infaunal community. There should be no failure of an 
amphipod acute toxicity test with no sediment concentrations of COC above effects threshold 
and a diverse and healthy infaunal community. However, if there is failure under these 
conditions, this would suggest that confounding factors other than sediment toxicity (e.g., grain 
size effects, quality and availability of organic carbon, ammonia) may be affecting the laboratory 
toxicity test results and consequently, the tested sediments may not be toxic. 



Sampling methods for sediments have been presented earlier. Sediments used for toxicity testing 
utilized only the upper 3-cm of sediments collected in each boxcore sample as these sediments 
represent the strata most likely to contain contaminants from the ex-AGERHOLM. 



Toxicity tests conducted for the 14 samples included a 10-day solid phase test using the 
amphipod Rhepoxynius abronius and a 28-day solid phase test using the polychaete Neanthes 
arenaceodentata. (Because the concentrations of PCBs in the sediments were of concern with 
regard to chronic toxicity, the standard methods were tailored to measure longer-term effects. 
The 28-day solid phase test evaluating growth and survival in Neanthes arenaceodentata was 
chosen over the USEPA/USACE (1991) recommended 10-day test so that the potential chronic 
sublethal effect of sediment-associated contaminants could be determined.) Twenty-eight-day 
exposure, bioaccumulation tests with the polychaete Nephtys caecoides and the bivalve Macoma 
nasuta were performed for 14 of the samples; tissues from the bioaccumulation test organisms 
were analyzed for chemistry by ADL. Testing procedures strictly adhered to MEC’s bioassay 
and bioaccumulation protocols, which were developed to comply with ocean disposal criteria 
(USEPA/USACE 1991). 



A reference toxicant (positive control) test using the amphipod test species was performed prior 
to test initiation. Test results were compared to MEC’s reference toxicant response (LC50) 
database to determine the relative sensitivity of the population and the validity of the bioassay. 
Five laboratory replicates were tested for each sample and the control sediment. Homogenized 
test sediment (approximately 200 mL) was placed in a 1-L container and 800 mL of filtered sea 
water was added. Aeration was provided through plastic tubing, with care taken to avoid 
disturbing the sediment. Water quality measurements were taken in one replicate chamber daily, 
and included pH, salinity, temperature and dissolved oxygen. Porewater ammonia and sulfide 
were measured at the start and finish of the test for each sample. The number of emerged 
amphipods was recorded daily. After 10 days of exposure, live amphipods were carefully 
removed by sieving from the sediment in which they were tested and placed into clean seawater. 
Data obtained from these studies was the number surviving at the end of 10 days. The test was 
re-run if mean control survival was below 90 percent or individual replicate survival was below 
80 percent and there was sufficient test material available. 



The polychaete worm bioassay was run with Neanthes arenaceodentata using standard 10-day 
acute test methods (ASTM 1992). Polychaetes were obtained from a culture maintained at 
California State University, Long Beach, California. Initial stock densities in each replicate were 
20 organisms per test chamber for each species. Five laboratory replicates were tested for each 
sample and the control sediment. Homogenized test sediment (800 mL) was placed in a 3.5 L 
container and 3 L of filtered sea water was added. Seawater was allowed to flow through the test 
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chamber at a rate of approximately 100 mL per minute. The number remaining alive at the end of 
10 days was recorded. Water quality measurements were taken in one replicate chamber daily 
and included pH, salinity, temperature and dissolved oxygen. Porewater ammonia and sulfide 
were measured at the start and finish of the test for each sample. All instruments used were 
calibrated and logged daily. The number of dead worms were recorded daily. After 10 days of 
exposure, live worms were carefully removed by sieving from the sediment in which they were 
tested, placed into clean seawater, and examined under a microscope. Each animal was inspected 
for survival using gentle prodding. Survival/mortality was recorded for each of the five 
laboratory replicates and mean survival was calculated and recorded (USEPA/USACE, 1991). 
The test was re-run if mean control survival is below 90 percent, or individual replicate survival 
was below 80 percent. 



2.5.8. Bioaccumulation Studies 
Assessment of bioaccumulation potential was carried out using Nereis virens and Macoma 
nasuta over a 28-day exposure period. The tests were initiated using test and control sediments 
and run with both organisms in single containers. One replicate per station was tested for the 14 
composite sediment samples (Table 2-10). A minimum of 10 Nereis and 20 Macoma were 
placed in each test chamber. The test chambers were maintained under flow-through conditions 
(San Diego Bay water), and daily water quality measurements were taken on replicate chambers 
as specified in the 10-day acute test. On Day 28, the sediments were sieved to remove the worms 
and clams. The surviving animals were placed in clean flow-through aquaria to depurate for 48 
hours. After the 48-hour depuration period, the organisms were chilled to 4 °C and shipped via 
next-day air to ADL for tissue residue analysis. There was no survival criterion for test 
acceptance.. 



Zero Time organisms are those organisms that are tested just prior to the beginning of the test in 
order to establish a baseline of tissue concentrations and determine if they have been 
contaminated from a prior exposure. Control organisms are those that are run separately without 
being exposed to contaminated sediment but at the same time as the exposed organisms, for 
quality control purposes (primarily cross-contamination issues). The Zero Time organisms are 
sacrificed and tested prior to the beginning of a bioaccumulation test and the Control organisms 
are sacrificed and tested at the end of the bioaccumulation test 



2.5.9. Sample Custody Procedures 
Sample custody control was maintained at each laboratory through the use of several tracking 
systems designed to protect sample integrity. The sample custodian initiated laboratory chain of 
custody documentation when the courier relinquished the sample. Samples were inspected for 
the following to ensure that: 



• minimum sample volumes were received, 
• appropriate containers and preservatives were used, 
• acceptable sample conditions were maintained (e.g., temperature, no breakage), and 
• samples were received within allowed shipping time (e.g., next-day air). 



Immediately upon receipt by the laboratory, the sample custodian assessed and documented the 
conditions of the samples and initiated sample log-in. The contents of each shipping container 
were checked against the information on the chain of custody forms. Temperature blank samples 
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were checked to verify that samples were maintained within specified temperature ranges. If 
anomalies were noted in the chain of custody form, the Project Manager was to be informed. 
Any samples that were not properly preserved were to be noted on the chain of custody form and 
the Field Manager was be notified immediately. The Field and Project Manager were to 
determine the necessary corrective action. The laboratory assigned an internal unique identifier 
to each sample, or used the sample identification number assigned in the field with the container 
number and project name to track individual sample containers so that the sample would not be 
confused with samples from another project. There were no anomalies, nor improperly preserved 
samples noted/reported during the conduct of this study. 



The field chain of custody document was completed and maintained in the project file. While 
within the laboratory, the sample was stored in appropriate areas to maintain sample integrity. 
Upon completion of the analysis, any remaining sample was placed into long-term storage. 
When sample analysis and all quality control checks are completed and a final data report is 
issued, the unused sample portion will be stored up to six months or longer if requested by the 
SSC SD Principal Investigator. Samples will not be disposed of without the written permission 
of the SSC SD Principal Investigator. Sample disposal will be documented in the project file. 



2.5.10. Methods for Supplementary Sablefish Assessment 
The full report for the supplementary Sablefish Assessment is provided in its entirety as 
Supplement I. Excerpts from the text and some tables and figures have been brought forward to 
this main document. Methods for individual fish trap deployment and recovery, and fish 
sampling and analysis were described previously in their respective sections. This additional 
section summarizes and explains modifications to these methods for the supplementary Sablefish 
assessment reported in the Exposure (3.2.4) and Effects (3.3.3) sections. Sablefish were collected 
with fish traps between September 1998 and November 1999 during Cruises II, IV, and V. 
Tissue samples were analyzed for PCBs by Arthur D. Little, Inc., Cambridge, MA (ADL) using 
gas chromatography (GC) electron capture detection (ECD, ADL 1999a) and/or GC/mass 
spectroscopy (MS) with selective ion monitoring (SIM, ADL 199b) (Supplement I). For each 
method the samples were processed in the same manner for sample preparation, extraction, and 
fractionation, only the injection and quantification procedures differed. For the ECD method, 
samples were analyzed for 26 congeners and 8 Aroclors. For the SIM method data on 26 (or 29) 
congeners, 10 homologs, and 8 Aroclors were obtained (Supplement I).  



Fish from ex-AGERHOLM (Ship) and reference sites were collected with fish traps as described 
in 2.5.3.2.2. Because only limited numbers of fish were collected during each cruise, the fish 
from all the cruises were pooled to evaluate potential ecological risks (Supplement I).  



Following Cruise II, two fish from the reference site and seven fish from the ship were analyzed 
using the ECD method. The ECD method was not capable of quantifying the total amount of 
PCBs present. While empirical relationships between the sum of certain congeners measured by 
ECD and Total PCB are available for coastal and estuarine bivalves and fish (NOAA, 1991, 
Hyland et al. 1998) no such empirical relationships were available that were applicable to deep 
sea fish like Sablefish.  



Because human health and ecorisk assessments require estimates of total PCB to make accurate 
determinations of risk, analytical methods were needed to obtain data on total PCB 
concentrations present in the tissues of Sablefish. Therefore, Sablefish samples were analyzed 
using the GC/MS SIM method (ADL 1999b) to determine the amount of total PCBs present. In 
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order to obtain the best data possible and assure comparability between all cruises, fish samples 
collected during Cruise IV and Cruise V were analyzed by both ECD and SIM methods (App.Q, 
Table 2). The methods were ADL-2818.05 “Determination of Chlorinated Pesticides and PCB 
congeners by Gas Chromatography Electron Capture Detection” (ECD, ADL 1999a) and ADL-
2845.00 “Determination of PCBs by Gas Chromatography/Mass Spectrometry in Selected Ion 
Monitoring Mode” (SIM, ADL 1999b). Because the SIM method provided data for PCBs present 
in each homolog group, the total amount of PCBs (Total PCB) present could then be determined 
from the sum of all homolog groups (i.e., from mono- to decachlorobiphenyl). 



The precision of both methods was evaluated by conducting a method detection limit (MDL) 
study. The MDL study consisted of 8 repeated measurements of a sample of fish tissue 
(haddock) spiked with known amounts of the individual PCB congeners. The results were 
tabulated and the arithmetic mean and standard deviation were calculated to determine the 
theoretical MDL of the analytes of interest (App. Q, Table 3). The MDLs obtained for both 
methods were very similar (App.Q, Figure 3). Slightly lower detection limits were obtained by 
the SIM method for congeners 8, 18, 77, 138, 170, and 209; and slightly lower detection limits 
were obtained by the ECD method for congeners 101, 105, 153, 156, 180, and 206 (App.Q, 
Table 3, Figure 3). Differences in the absolute concentration of congeners measured in the fish 
tissue samples maybe due to differences in the samples and spiking levels used in the MDL 
studies (i.e., both methods were not performed on the same samples at the same times). The 
MDL study yielded slightly lower detection limits for ECD for most of the congeners (App.Q, 
Table 3). 



The accuracy of the two methods was evaluated by comparing the results obtained from the 
analysis of the Standard Reference Material (SRM) 1974a Mussel Tissue. Obtained from the 
National Institute of Standard and Technology (NIST 1999), the mussel tissue SRM comes with 
certified values for most of the congeners analyzed. Samples of the SRMs were included in each 
of the analytical batches and were processed in the same manner as the field samples. Three 
SRM samples were analyzed by ECD and two SRM samples were analyzed by SIM (App.Q, 
Figure 4). The upper and lower bounds of the certified value (error bars on Figure 4) indicates 
the “true value” of the SRM sample. Analytical results from each batch of samples were 
considered acceptable if no more than two analytes exceeded 35% of the certified value of the 
SRM. Overall, the two methods obtained very similar results (Figure 4). The ECD method 
tended to over predict the certified value of congeners 118 and 187 and the SIM method tended 
to over estimate the certified valued of congeners 28, 118, and 153. For most of the congeners 
there appeared to be a greater differences in the results of repeated measures of the SRM by the 
same method than from the two methods (i.e. greater variance between samples than between the 
methods). There did not appear to be any bias in either of the methods and they accurately 
measure the levels of PCB present in the SRM mussel tissue samples. 



2.5.11. Data Quality Objectives 
The data quality objectives (DQOs) of this study were that the data produced must be of 
sufficient quality to satisfy the intended use of the data in a scientifically sound manner (Stanely 
and Verner 1985, USEPA 1994). Data quality objectives were established for six aspects of data 
quality. These were that the data were representative of actual conditions at the site, that the data 
were complete enough to make a valid assessment, that the data from different stations and 
different cruises were comparable, and that the data were accurate, precise and reproducible 
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(Reifsteck et al., 1993). To explicitly define the data quality objectives for this study a seven-step 
process was followed (USEPA, 1994). 



Step 1 – State the problem. Data were obtained that could be used to characterize chemical 
exposure levels in the sediments adjacent to the ex-AGERHOLM, evaluate the toxicological and 
bioaccumulation potential of the sediment, evaluate the status of the benthic community, 
measure the field tissue concentrations of demersal fishes, and determine if there are any adverse 
impacts related to chemical releases from the ship. In order to determine whether the ex-
AGERHOLM may be the cause of any elevated exposure or adverse effects, reference data were 
required to allow comparison to similar deep-water environments not exposed to the presence of 
a sunken Naval vessel. Additionally, ancillary data on the currents, characteristics of the 
sediment substrate, and general ecological properties of the study area were required to provide a 
context for interpreting the presence of harmful effects and estimating the potential for long-term 
impacts. 



The analysis goals of the ecological risk assessment required analytical chemistry methods that: 



• were capable of detecting chemicals below levels that can cause ecological effects as well 
as at levels associated with background or naturally occurring concentrations, 



• were capable of differentiating chemical levels from interferences due to sample 
matrices, and 



• could be reliably reproduced and verified (Johnston and Valenti 1999). 



The analysis goals of the ecological risk assessment required methods for biological and 
toxicological analyses that 



• were capable of eliciting ecologically relevant responses, 
• could differentiate responses from interferences due to test methods and sampling 



handling, and 
• could be reliably reproduced and verified. 



All methods were selected to provide data that are scientifically sound and which can meet the 
representativeness, completeness, comparability, accuracy, precision and reproducibility required 
for the risk assessment. 



Step 2 - Identify the decision. Quality assurance and quality control (QA/QC) procedures were 
defined to evaluate the data, to the extent possible, for representativeness, completeness, 
comparability, accuracy, and precision. Performance-based QA/QC requirements were defined 
which required the laboratory to use of accuracy materials (e.g., certified or standard reference 
materials and laboratory control materials), calibration standards, method blanks, matrix spike 
samples, laboratory duplicates, internal standards, injection standards, and interlaboratory 
calibrations. The results of these QA/QC analyses were provided to verify the quality of the data, 
all the raw data to be validated, and assure comparability of the data with data generated by 
different laboratories using different analytical procedures (Johnston and Valente, 2000). 



Step 3 - Identify inputs to the decision. Procedures were implemented that allowed the data to 
be evaluated and verified for representativeness, completeness, comparability, accuracy, and 
precision. Representativeness is defined as “the degree to which the data accurately and precisely 
represented a characteristic of a population parameter, variation of a property, a process 
characteristic, or an operational condition” (Stanley and Verner, 1985). Representativeness can 
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be applied to field sampling in two tiers: how representative a station is to the study area within 
which it is located, and how well the actual samples or data collected from station are 
representative of the station (Reifsteck et al. 1993). Station location and the overall study design 
were formulated to assure that the samples collected were representative of the conditions near 
the ship and reference conditions in similar deep-water environments. Therefore it was very 
important that the ship’s crew, ROV operators, and scientific personnel (i.e., the “SINKEX 
team”) could accurately locate and relocate stations. Once a station was properly located, the 
SINKEX team took all precautions to assure that intact cores were obtained from the station and 
that the cores were transported undisturbed to the surface. 



Completeness is defined as “a measure of the amount of data collected from a measurement 
process compared to the amount that was expected to be obtained under the conditions of 
measurement” (Stanley and Verner, 1985). As applied to the sampling plan, this means that for 
each station a minimum amount of material was required to complete all of the tests. In the case 
that not enough material is collected, certain tests would have been “incomplete” because they 
could not be performed. For example, if only enough sediment material was collected to allow 
chemistry analysis, then it will not be possible to conduct bioassays or infauna analyses. In that 
case the data for chemistry would be “complete” but the data for toxicity and infauna would be 
“incomplete”. In designing the sampling program a minimum number of data points were 
required to complete the assessment. As a result, a completeness goal of 90% was established. 
This means that to conduct the assessment as planned, 90% of the expected data must be 
collected (Reifsteck et al., 1993). 



Comparability is defined as “the confidence with which one data set can be compared to 
another” (Stanley and Verner, 1985). To obtain data sets that were comparable among different 
cruises, literature data, and other sources of information, the samples and data were produced in 
a consistent, reproducible manner. Therefore, the ROV operator and scientific personnel took 
care to following the sample and analysis methods defined in the workplan. 



Accuracy is defined as the difference between a measured value and the true or expected value, 
and represents an estimate of systematic error or net bias. Where possible, accuracy was 
evaluated by analyzing certified standards, laboratory control materials, and appropriate blanks 
to obtain a measure of accuracy. Precision is defined as the degree of mutual agreement among 
individual measurements and represents an estimate of random error. Precision was evaluated by 
the analysis of a suitable number of field replicates, laboratory duplicates, and other control 
samples. Together these two aspects provided an estimate of the total error or uncertainty 
associated with individual measurements. 



Step 4 - Define boundaries. The boundaries of the assessment for impacts to sediment and 
water are the bottom environment directly adjacent to the ex-AGERHOLM (Inner Ring), and 
reference areas defined by sample areas that create reference ring(s) around the hulk, including 
the Outer Ring located at 1,000 m in all directions from the hulk. Demersal fishes caught in the 
general area of the ex-AGERHOLM (within ~250 m) were compared to specimens collected 3.8 
nm from the hulk. 



Step 5 - Develop decision rule. The results obtained from the quality control procedures were to 
be used to judge the quality and usability of the data. If results indicated that the data did not 
meet the quality criteria required for the assessment, they were not used in the analysis. A 
decision matrix was developed to represent the possible outcomes and conclusions that can be 
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derived from the data. The overall decision was based on the weight of evidence of exposure and 
effects data collected at the ex-AGERHOLM and reference stations. 



Step 6 - Specify tolerable limits on decision errors. Direct observation and oversight by SSC-SD 
personnel of all field sampling and data collection activities was conducted. Any samples that 
were not collected intact and transported undisturbed to the surface were rejected. Laboratories 
conducting chemical and biological analyses were required to demonstrate proficiency through 
routine analysis of accuracy-based materials. Ongoing performance evaluation exercises were 
conducted to demonstrate initial capability (i.e., prior to the analysis of actual samples) and on a 
continuous basis throughout the project. The laboratories were required to initiate corrective 
actions (e.g., reanalyze the sample) if their performance fell below certain predetermined 
minimal standards defined in the quality assurance plan. 



Step 7 - Optimize the design. Based on the results obtained, the sampling design was modified to 
reflect new knowledge about the site and address key uncertainties in the assessment. The quality 
assurance plan was updated to reflect realized performance criteria and allow for improvements 
in analysis methods and instrumentation. 



2.5.12. Data Management and Statistical Analysis 
A master database was designed, populated and maintained at SSC-SD. Pertinent project data, 
including field information, laboratory sample and quality control results, was transcribed or 
imported into the database under the direction of the principal investigator. Chemical, physical, 
and biological data were received electronically from various investigators in pre-defined 
formats. Field data were manually entered by into Excel files directly from field notebooks. Only 
the principal investigator has authority to allow changes to data placed in the database. 



Statistical analyses of project data was performed by computer using the statistical software 
SAS® Version 8.0 in batch programming mode. Data analysis consists primarily of graphics and 
statistics used to support interpretation of data generated in the project. Graphical displays of 
data were generated using a variety of commercial software packages (e.g., CorelDraw®, 
Surfer®). 



The idealized sampling design originally intended for the SINKEX program is presented in 
Figure 2-17. Eight replicate stations (transects at 45º increments) were to be located on each of 
four concentric rings. Rings were to be located at increasing distances from the target vessel to 
permit the analysis of chemical gradients (2, 10, 50, 1000 m from the ship). Difficulties 
encountered during sampling precluded the successful acquisition of sediments from all 32 
stations. Three successful sampling efforts occurred during the period from September 1998 to 
November 1999. Nineteen separate stations were finally occupied in an attempt to obtain 
sediment samples. Hypothesis testing in this report takes advantage of the actual distribution of 
stations and considers stations, within a unique ring, to be replicates of that ring. Inner Ring 1 
consists of stations approximately 2-3 m from the ex-AGERHOLM and Outer Ring 4 contains 
stations approximately 1,000 m from the vessel. Ring 4 is considered the program reference area. 



The null hypothesis addressed by this investigation is: There is no significant difference in mean 
values for each parameter tested between Inner Ring 1 and Outer Ring 4. Parameters tested 
included chemicals of concern (i.e., Total PCBs, Total PAHs [41 analytes], trace metals 
[cadmium, chromium, copper, lead, mercury, nickel, silver and zinc]), grain size measures (i.e., 
median size, % gravel, % sand, % fines, % silt, and % clay), organic and inorganic carbon, 
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bioassay and bioaccumulation end points (e.g., % survival, growth, and tissue contaminants), and 
infaunal community measures (e.g., number of species, abundance, and diversity indices). Total 
PCBs have historically been reported by a wide variety of calculations including summation of 
Aroclors, subsets of congeners, homologs and the sum of all 209 congeners. The EPA and 
USACE provide guidance for the determination of total PCBs in the publication “Evaluation of 
Dredge Material Proposed for Ocean Disposal, Testing Manual” commonly referred to as the 
Green Book (USEPA/USACE, 1991). Total Green Book PCBs are determined through the 
summation 21 specific PCB congeners, with non-detected congeners given a value of zero. The 
SINKEX investigation analyzed all 26 congeners (21 Green Book congeners plus an additional 
five common to other environmental studies). The most conservative measure for total PCBs 
includes all 26 congeners measured during the SINKEX program with the assignment of ½ the 
sample specific method detection limit (MDL) for all non-detected congeners. Between these 
two summation strategies lay totals represented by Green Book 21 congeners with non-detected 
values represented by ½ the MDL and all 26 SINKEX congeners with non-detected values 
represented by zero. In general, this report presents summary statistics (e.g., mean, minimum, 
maximum) for all four types of total PCBs, but statistical comparisons between Inner and Outer 
Rings and graphical presentation are limited to one, or both, of total Green Book 21 (zeros for 
non-detected congeners) and all 26 SINKEX congeners (½ MDL for non-detected congeners). 
Totals for PAHs are handled similarly and the logic is presented in the PAH report sections. 



2.5.12.1. Descriptive Statistics 
Descriptive statistics were performed on all physical, chemical, and biological data. These 
statistics included computations for number of samples, means, standard deviations, ranges of 
values, coefficient of variation, and frequencies of detectable concentrations. Computations were 
performed on final results data that have passed quality control review. These data included 
detectable chemical concentration results, percent survivals from bioassays, and various benthic 
community parameters. 



2.5.12.2. Coefficient of Variation 
The coefficient of variation (CV) was used to describe the variation in several populations of 
physical and chemical sediment parameters. The CV can be expressed as a percent and is 
generally defined by Snedecor and Cochran (1980) as: 



standard deviation 
CV = 



population mean 
× 100 



2.5.12.3. Comparative Statistics 
Comparative statistics (e.g, ANOVA) were used to test the null hypothesis. The Null Hypothesis 
is stated as: “Samples taken near the ship (i.e, Inner Ring) are the same as samples taken 
approximately 1 km from the vessel (i.e., Outer Ring) or stated mathematically with the Null 
Hypothesis as H0: ρ=0 versus the alternate H1: ρ≠0 with a stated p-value ≤0.05. Significance 
criteria was p<0.05, which would suggest rejection of the null hypothesis. 



Before statistical testing was conducted, the data were tested to determine if it fit the assumptions 
of the statistical test. One-way Analysis of Variance (ANOVA) requires that the data be 
normally distributed with equivalent variances. The Shapiro-Wilks test (Snedecor and Cochran 
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1980) was used to determine whether the data was normally distributed. The Shapiro-Wilks test 
produces two values: a W statistic indicating the tendency for the data to be normally distributed 
and a p-value indicating the probability of normality, the null hypothesis is predicated on the 
assumption that the data to be tested is normally distributed. For this test, rejection of the null 
hypothesis (i.e., the data was non-normally distributed) was set at p<0.05 (e.g., Table 3-47). 



Levene’s test was used to determine if the variances were equal and p<0.05 indicated that the 
variances were not equal. When the data were not normally distributed and/or the variances were 
not equal the data were transformed using standard data transformations (i.e., percentage data 
was arcsine and rank transformed; numeric data was Log 10 and rank transformed). The use of 
non-transformed data is preferred for hypothesis testing but when data transformations were 
needed to normalize the data, the bias was to select transformations (i.e., Log 10 and arcsine) that 
still utilized parametric statistical tests rather than using non-parametric transformations. Rank 
transformations are rather radical and a t-Test using rank transformed data is equivalent to 
Kruskal-Wallis Nonparametric Test, which is less robust and sensitive, compared to an ANOVA 
test (Tate and Clelland 1957). The transformation selected for hypothesis testing was the one that 
gave the highest W value, normal distribution, and equivalent variances. When none of the 
transformations fulfilled all criteria, then the data was rank transformed and the mean of the 
laboratory replicates was used as the value for each station. 



ANOVAs were performed using stations within each ring as spatial replicates. Tukey’s 
“Honestly Significantly Different” (HSD) test was used to determine significant differences 
among separate groups of stations (e.g different rings). To allow statistical comparisons of data, 
chemical concentrations less than detection limit are assigned a concentration of the sample 
specific detection limit divided by two. This is a common and simple method that has been 
shown to provide a higher level of discriminative power than representing non-detected chemical 
concentrations as zero. Among the ten methods investigated by the USACE using dredge 
sediment study data, using the detection limit, one half the detection limit, or zero tend to allow 
more power in analysis when compared to more complex methods such as uniform replacements, 
maximum likelihood estimation, and linear regression (US EPA, 1996a; US EPA, 1998b). One 
half the detection limit is preferred over the entire detection limit in cases such as this study 
where low levels of contamination exist and high numbers of non-detected analytes may be 
encountered. 



ANOVA testing utilized the General Linear Model (GLM). Under the GLM, a continuous 
response, or dependent variable (e.g., total PCB) is measured under experimental conditions 
identified by classification, or independent variable (e.g., Ring). The variation in the response is 
explained as being due to effects in the classification, with random error accounting for the 
remaining variation (Searle, 1971). Laboratory duplicate values are commonly processed to 
address internal analytical quality control and, when present, were not included in the data 
analysis, since laboratory duplicates are not appropriate in the comparison of field-replicated 
stations. When laboratory duplicates are encountered in the analytical process, results were 
chosen based on “first sample processed” and when this is not possible, “first SAS data set 
occurrence” was used. Laboratory duplicate/QC data were included in hard copy reports 
provided by individual processing laboratories. 



The final experimental design necessitated the implementation of a two-way GLM (see Table 
2-31). Independent variables were assigned to both "Ring" (1 and 4) and "Cruise" (1998 and 
1999). Two-way GLM processing permits the examination of between site (Ring) comparisons, 
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between time (Cruise) comparisons, and interactions where site and time are not independent. 
Unfortunately, the GLM cross-matrix (Table 2-31) is very weak with respect to time and highly 
biased. 



Table 2-31. GLM cross matrix. 



Stations Sampled 
Sample Area 



Cruise 1998 Cruise 1999 Total 



Ring 1 (sediment) 8 2 10 



Ring 4 (sediment) 1 7 8 



Total (sediment) 9 9 18 



Ring 1 (bioaccumulation) 8 1 9 



Ring 4 (bioaccumulation) 1 4 5 



Total (bioaccumulation) 9 5 14 
 
The number of observations in matrix cells “Cruise 1998 Ring 4” and “Cruise 1999 Ring 1” are 
very low, making comparisons specific to time meaningless. Corrections for multiple-testing 
errors are not necessary, since contaminants are examined as singular dependent variables. 



2.5.12.4. Principal Component Analysis 
Principal Component Analysis (PCA) was conducted on all the physical and chemical measures 
(i.e., % gravel, % sand, % silt, % clay, % silt-clay, median phi in mm, % TOC, % CaCO3, 10 
individual metals, Total PAH, and Total PCB). PCA was done to reduce the number of measured 
environmental variables to only those variables that co-vary, to explore possible explanations for 
any observed adverse effects (e.g., toxicity). That is, while many different environmental 
parameters were measured for the study (e.g., 10 metals, sum of PAHs and PCBs, and six grain 
size parameters) many of these constituents show similar concentrations and spatial patterns. 
Total PAHs and PCBs were used rather than individual analytes because many analytes were 
non-detectable in some samples causing data gaps in the analysis matrix, which defeats the 
purpose of the test. Thus, some of the environmental measures are not independent from each 
other but co-vary among them. For example, certain metals, because of their size and ionic 
charge, react in a similar pattern and thus are not independent of each other. PCA reduces the 
number of apparent independent variables to fewer variables that are truly independent from 
each other and thereby eliminating the potential for multiple testing of non-independent 
environmental measures. 



PCA produces derived environmental measures, called factors, which identify those 
environmental measures that co-vary in a similar pattern. These PCA factors resolve the data into 
axes that account for the variability of the data. Thus, the first PCA factor is the most significant 
axis accounting for the greatest variance in the data set. The second axis is set orthogonal to the 
first axis, making it independent of axis 1, the analysis then proceeds with axis 2 accounting for 
as much of the variability in the data set as possible. This process continues until all the 
variability of the data set has been taken into account. For most data sets the number of axes is 
about four, plus or minus one, as most of the variability in a data set can be reduced to three or 
four gradients (i.e., axes). The PCA produces a table of Eigen values that attributes the 
proportion each environmental measure contributes to each factor (i.e., axis). The Rotated Factor 
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Pattern table shows that the PCA produced four factors. Under Factor 1 there were four measures 
(mercury, nickel, silver, and TOC). All had Eigen values greater than 0.75 indicating that Factor 
1 was largely determined by the values of these environmental measures. Environmental 
measures having Eigen values of less than 0.75 do not make a significant contribution for that 
axis or Factor. Thus, Factor 1 was renamed the “Hg, Ni, Ag, and TOC Factor” because these 
were the variables that largely determined this factor and which accounted for most of the 
variability within the data set. The four measures delineating Factor 1 are grouped together 
because they covary in a similar pattern and significant regressions related to Factor 1 cannot be 
attributed to any one of the measures comprising this factor. 



The PCA utilized an arcsine transformation of all percentage data before the analysis. Factor 1 
accounted for 31.1% of the total variance in the data set. Factor 2 accounted for 27.7% of the 
variance and was characterized by grain size measures: % silt, % clay, % silt-clay, and a negative 
correlation with median grain size. Factor 2 was renamed the “Fine Grain Size Factor”. Factor 3 
accounted for 20.7% of the variance and was determined largely by Cd, Cu, and total PCBs. It 
was renamed the “Cd, Cu, PCB Factor”. Factor 4 accounted for 20.5% of the variance and was 
mainly characterized by CaCO3, Al, Cr, and Fe. It was renamed the “CaCO3, Al, Cr, and Fe 
Factor”.  



2.5.12.5. Correlations and Regressions 
If significant differences between Inner and Outer Rings for physical and chemical measures 
were found, the next step was to determine whether these differences could be correlated with 
results of the bioassay, bioaccumulation, or infaunal biology. 



Correlative analyses were performed on the separate data sets using the Pearson product-
moment, which measures the strength of the linear relationship between two variables. If one 
variable (e.g., Total PCB) can be expressed exactly as a linear function of another variable (e.g., 
TOC or number of species), then this represents a perfect correlation with an r2 value =1, or -1 if 
the variables are inversely related. A correlation of r2=0 between two variables suggests that each 
variable has no linear predictive ability for the other. If the values associated with the variables 
are normally distributed, a correlation of 0 also means the variables are independent of one 
another. Additionally, this also gives a probability (p) value that the regression (i.e., linear plot of 
the correlation) has a non-zero slope. If p<0.05, then the null hypothesis is rejected, which means 
that the regression line has a significant slope and there is a significant relationship between the 
variables. 
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3.0. Analysis Phase/Results: Characterization of 
Environment at the Site, and Characterization of 
Exposure and Effects 



3.1. Characterization of Environment at the Site 
This section provides a broad-based physical and biological background description for the 
ecosystem being investigated and the various lines of scientific investigation (i.e., sediment 
chemistry, sediment toxicity, and bioaccumulation). It was first tentatively described in the 
Problem Formulation section, based on information available to SSC SD prior to commencing 
the field and laboratory studies. A detailed characterization is now given in three parts: 



1. Description of the epibenthic, benthic, and pelagic organisms and communities observed 
from videography recorded during numerous sampling dives of a remotely-operated 
vehicle (ROV). 



2. Physical description of the sediment based on standard laboratory analyses of grain size, 
total organic carbon (TOC), and calcium carbonate (CaCO3), factors which influence the 
behavior, and therefore interpretation, of chemical and biological processes which occur 
in the sediment bed. Sediment age dating and sediment rate trap analysis are also 
included here to evaluate the association between the depth of sediment sampled during 
the study and the depth of sediment expected to have deposited since the AGERHOLM 
was sunk. 



3. Analysis of benthic infaunal ecology, based on standard community measures, which 
provide a detailed (i.e., categorization, enumeration, and comparison of species and 
higher level groupings between ship and reference site) overview of the ecosystems being 
studied. 



3.1.1. Characterization of the Benthos Using Video Observations 
The U.S. Navy ROV “SCORPIO” (see Figure 2-20) was used to assist in the study of possible 
environmental impacts from a sunken navy vessel. Normal ROV operations utilize video 
cameras to supply real-time video to the ROV pilot and co-pilot to facilitate vehicle operations, 
locate stations and obtain samples. Video streams were fed into industry-standard VHS and Hi-8 
recorders and tapes were retained for future assessments of general operation efficiency and 
sediment sample integrity. Incidental to the video documentation of sampling operations, various 
large macroinvertebrates and fishes were recorded. While the intent of the video documentation 
was not to assess resident faunal assemblages, the hundreds of hours of recordings are useful in 
providing insight into the animal community in the vicinity of the ex-AGERHOLM. 



From the literature, macroinvertebrates (those easily seen) and fishes from upper slope depths in 
the Southern California Bight (SCB) have been described primarily from organisms collected in 
benthic trawls. Few direct video-observations have been made at upper slope depths. Studies 
related to petroleum development and undersea cable installations have provided some of the 
best descriptions of the more common fauna off Southern California in water depths less than 
400 m. Macroinvertebrates beyond these depths are not well known by sight, particularly the 
sponge (Porifera) and cnidarian fauna (e.g., anemones), whereas the echinoderms (e.g., starfish) 
and the fish fauna are relatively well known. 
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A list of the macroinvertebrates and fishes observed is presented in Table 3-1. Observations in 
the vicinity of the ex-AGERHOLM revealed a biotic community typical of the SCB lower shelf 
and upper slope community. Eighteen fish and 40 macroinvertebrate taxa were observed. The 
most common fishes were sablefish (Anoplopoma fimbria, Figure 3-1), longspine thornyhead 
(Sebastolobus altivelis), and black hagfish (Eptatretus deani). A picture of capture from video of 
a thornyhead sculpin is presented in Figure 3-2. Less common were rattails (i.e., grenadiers 
Macrouridae, Figure 3-3), shortspine thornyheads (S. alascanus), and filetail cat sharks 
(Parmaturus xaniurus). These are well known species of the upper SCB slope. 



 
Figure 3-1. The sablefish, Anoplopoma fimbria 
(NOAA photograph). 



Figure 3-2. A longspine thornyhead, Sebastolobus 
altivelis, observed at the ex-AGERHOLM site. 



The most common invertebrates were suspension feeding sponges and anemones. Most of these 
sedentary species cannot be easily visually identified to species or genus level, but several are 
well known from other areas within the SCB, based upon their video descriptions of color and 
morphology. Several of these suspension feeders are known to occur in the Santa Barbara 
Channel. 



Figure 3-3. The rattail, Coryphaenoides acrolepis 
(NOAA photograph). 



 
Figure 3-4. Representative echinoderms recovered 
from the ex-AGERHOLM site. 



The echinoderm fauna was well represented and many are well known including motile 
predatory sea-stars (Myxoderma platyacanthum, Poraniopsis inflata and Thrissacanthias sp.), 
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and the scavenging motile sea cucumber (Pannychia moseleyi). The presence of the multi-armed 
brisingid starfish (Brissingia sp.) was noted, which is an organism that extends its arms into the 
water column to filter-feed. A single pink urchin (Allocentrotus fragilis), a well known spiny 
species from shallower depths of the outer continental shelf, was observed. A few burrowing 
urchins (Brissopsis pacifica) were also observed. An example of representative echinoderms is 
presented in Figure 3-4. This photo (as seen in the lower right) also shows an interesting 
commensal relationship of a brittle star (probably Asteronyx loveni) clinging to the upper portion 
of a sea whip (possibly Distichoptilum sp.). This relationship has been observed in different 
locations and found on display at the deepwater Monterey Bay Aquarium Research Institute 
(MBARI) exhibit in Monterey, CA. 



In conclusion, the species observed in the vicinity of the ex-AGERHOLM collectively appear to 
represent a typical assemblage for the continental slopes and upper basins off the Southern 
California coast. 



Table 3-1. List of species observed on sampling documenting video recordings in vicinity of ex-AGERHOLM 
depth range 640 to 1,143m offshore of San Diego, west of San Clemente Island, September and November 
1998. 



FISHES 
Anoplopomatidae 



Anoplopoma fimbriata Sablefish 
  
Apristuridae 



Apristurus brunneus Brown Cat Shark 
Parmaturus xaniurus File-tail Cat Shark 



  
Argentinidae  



Argentina sialis Pacific Argentine 
  
Macrouridae  



Nezumia stelgidolepis California Rattail 
  
Melanostomiatidae  



Melanostomiatid (unident) Scaleless Dragonfishes 
  
Merluciidae  



Merluccius productus Pacific Hake 
  
cf. Myctophidae Lanternfish (unident) 
  
Myxinidae  



Eptatretus deani Black hagfish 
Eptatretus stoutii Pacific Hagfish 



  
Pleuronectidae  



Microstomus pacificus Dover Sole 
  
Rajidae  



Raja rhina Longnose Skate 
Raja sp. Longnose or Deep Skate 



  
Scorpaenidae  
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Sebastolobus alascanus Shortspine Thornyhead 
Sebastolobus altivelis Longspine Thornyhead 
Sebastolobus sp. Thornyhead 



  
Scyliorhinidae  



Parmaturus xaniurus File-tail Cat Shark 
  
Zoarcidae  



cf. Lycodesdiapterus Black Eel-pout 
  



INVERTEBRATES 
PORIFERA 



Unident. Sponge 1 orange, amorphous 
Unident. Sponge 2 large, white, amorphous 
Unident. Sponge 3 white vase sponge 
Unident. Sponge 4 white urn sponge 
Unident. Sponge 5 fuzzy grey urn sponge 
Unident. Sponge 6 grey-white ball sponge (cf Geodia sp.) 
Unident. Sponge 7 “Friar Tuck” ball sponge 



  
CNIDARIA 



hydroids (unident.) - many on hard substrates  
Tealianthus sp. Anemone 
Liponema brevicornis Anemone 
Pennatulidae (cf. Pennatula phosphorea) Sea Pen 
Umbellula sp. Sea Pen 
Unident. Anemone 1 anemone (thin purple tentacles, flush with sediment) 
Unident. Anemone 2 anemone (cream colored base, stout dark tentacles) 
Unident. Anemone 3 anemone (extended, long clear tentacles) 



  
MOLLUSCA 
Gastropoda 



Unident. Gastropod 1 Whelk like 
  



Pelecypoda 
cf. Mytilidae - unident. Mytilid, hard substrate 
  



Cephalopoda 
Unident. Squid Squid (short webbed tentacles) 



  
ANNELIDA 



Sedentariata unident. Sp. 1 worm tubes 
  
ECHINODERMATA 
Asteroidea 



Brissingia sp. Multi-armed Starfish 
Myxoderma platyacanthum Starfish 
Poraniopsis inflata Starfish 
Rathbunaster sp. Sun Star 
Thrissacanthius sp. Starfish 
Unident Starfish 1 Long thin arms (not Thrissacanthias) 



  
Echinoidea 



Allocentrotus fragilis Pink Urchin 
Brissopsis pacifica  Sea Urchin 



  
Holothuroidea 
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Pannychia moseleyi Sea Cucumber 
cf. Pteraster Sea Cucumber 
Unident holothoroid (nr. Scotoplanes) Sea Cucumber 



Ophiuroidea 
Asteronyx longifissus Brittle Star 
Ophiomusium lajollanensis Brittle Star 



  
CRUSTACEA 
Decapoda 



Chorila longipes Longhorn Decorator Crab 
Lithodes cousei King Crab 
Majidae (cf. Chionoecetes bairdii) Tanner Crab 
Munida quadrispina Galatheid Crab 
Parilithoides sp. Red King Crab 
Unident. Spider Crab Spider Crab 



  
Euphausiacea 



Euphausiid shrimp Krill 
 



3.1.2. Sediment Characteristics 
Grain size, total organic carbon (TOC), CaCO3, sediment rate trap, and age-dating 
(geochronology) results for the Inner Ring (Ring 1) and reference Outer Ring (Ring 4) are 
presented in this section. These physical parameters can influence chemical distributions and 
benthic community structure in sediments and are therefore important in the interpretation of 
data. Grain size, TOC and CaCO3 results are summarized for stations sampled in September 
1998 and September/November. Grain size analyses were performed by MEC Analytical 
Systems, Inc. (Carlsbad, CA). TOC, CaCO3 and age-dating samples were processed at the 
Florida Institute of Technology, Marine and Environmental Chemistry Laboratories (Melbourne, 
FL). Between the 1998 and 1999 sampling period, instrumentation used to process sediment 
TOC was changed at FIT and the new equipment dictated the extraction of a larger quantity of 
sediment. Re-analysis of the TOC data suggested a potential high bias for the 1998 samples, 
which were dominantly Inner Ring stations. Archived sediment samples from Inner Ring stations 
1-1, 1-2, 1-3, 1-4, 1-6, 1-7, and 1-8 were subsequently reanalyzed using the 1999 instrumentation 
and methods and this data is used throughout this report. Station 1-5 was not reanalyzed, due to 
low archive quantities, and the original TOC data for this 1998 analysis is used in the report. 
Note that throughout the results section (3.0), data associated with Station 1-5/6/7 (e.g., Table 2-
6) refer to a single station sampled in 1999 (Cruise 5). This station was re-sampled to provide 
confirmation of apparent anomalous results produced by sediments collected from Station 1-6 in 
1998 (Cruise 2).  



Sediment grain size characteristics are notable for their controlling influence upon sedimentary 
community dynamics, and because they often correlate with biologically meaningful variables 
such as sediment porosity, compaction, oxygen tension, water content and retention of organic 
matter. Grain size characteristics are equally important in controlling sediment chemical 
concentrations due to the increase in adsorptive capacity with finer-grained particles. Since many 
contaminants are strongly bound to organic material that is often complexed with fine mineral 
particles, there is a high potential for contaminant accumulation in environments where 
settlement of fine-grained sediment occurs. 
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Most studies of marine and brackish sediments show a high positive correlation between fine-
grained particles and organic carbon. Deposition, re-suspension and sorting processes influenced 
by hydrodynamic factors (e.g., current regime) normally create a gradient of diminishing grain 
size proceeding offshore. After they are introduced into the coastal system, the smallest particles 
remain in suspension for the longest period of time and can move the farthest from shore. 
Following deposition, smaller particles are more readily resuspended from the seabed by waves, 
currents and turbidity flows. This ex-AGERHOLM site is bathymetrically complex with the hulk 
located on a steep gradient (15 percent slope). Additionally, the vessel is situated on the seaward 
side of a deep basin, which could serve as a physical barrier from normal nearshore sedimentary 
inputs. Ultimately, at this site, it is thought that fine-grained sediments with high organic content 
would progress downslope into the deeper, stable basins that would serve as the ultimate 
repositories for contaminants. Site sediments consist of deep ocean minerals mixed with large 
phosphatized-calcium carbonate precipitates and living biogenic material, mainly large benthic 
protozoans (Foraminifera). Poorly sorted sediments typify the study area. Cold water (4 ºC), 
available phosphate, CaCO3 and hydrostatic pressure produce an abundance of phosphatized-
calcium carbonate rocks ranging in size from pebbles to cobble. 



3.1.2.1. Grain Size, TOC and CaCO3 
Sediment grain size characteristics (Figure 3-5 through Figure 3-8), TOC (Figure 3-9 and Figure 
3-10), and CaCO3 are summarized in Table 3-2 for the ex-AGERHOLM site (Inner Ring, #1), 
and reference area (Outer Ring, #4). Most Ring 1 sediment samples were collected from a water 
depth of approximately 850 m while Ring 4 ranged from 640 to 1015 m. Inner Ring 1 sediments 
were significantly different from Outer Ring 4 sediments. Inner ring sediments (median 
size=0.246 mm) exhibited almost twice the average grain size of the outer ring (median 
size=0.136 mm), with Ring 1 having almost five times more gravel (Ring 1=24.4% versus Ring 
4=4.4%), a little less sand (Ring 1=51.7% versus Ring 4=65.5%), and about half of the silt 
content (Ring 1=10.9% versus Ring 4=18.0%) of the outer ring. Inner ring fine sediments (silts + 
clays) averaged 23.9% compared to 30.1% for the outer ring. This difference was almost entirely 
due to the difference in silt content, since the proportion of clay was essentially the same for both 
locations (Ring 1=13.0% clay versus Ring 4=12.2% clay). Inner ring sand and gravel averaged 
51.7% and 24.4%, respectively, while the Outer reference ring contained only minimal quantities 
of gravel and was dominated by sand. 
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Figure 3-5. Inner and Outer Ring sediment % gravel. 



 



Figure 3-6. Inner and Outer Ring sediment % sand. 
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Figure 3-7. Inner and Outer Ring sediment % silt. 



 



Figure 3-8. Inner and Outer Ring sediment median grain size (mm). 
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Figure 3-9. Inner and Outer Ring sediment TOC. 



 
Table 3-2. Descriptive statistics - sediment % fines, gravel, sand, TOC and CaCO3. 



Analyte Site N Mean (%) Minimum 
(%) 



Maximum 
(%) 



Standard 
Error % CV 



ALL 14 26.13 13.0 44.6 2.77 36 
Ring 1 9 23.91 13.0 44.6 3.42 36 



Fines 
(<0.063 mm) 



Ring 4 5 30.13 15.8 41.2 4.63 33 
ALL 14 17.23 0.7 41.6 3.31 71 



Ring 1 9 24.35 11.2 41.6 2.97 36 
Gravel 



(≥2 mm) 
Ring 4 5 4.41 0.7 9.8 2.02 101 
ALL 14 56.64 39.4 74.8 2.79 19 



Ring 1 9 51.74 39.4 60.9 2.36 14 
Sand 



(>0.063, <2 mm) 
Ring 4 5 65.46 50.0 74.8 4.53 19 
ALL 18 3.16 1.01 9.06 0.61 81 



Ring 1 10 4.38 1.01 9.06 0.94 67 
Total Organic 



Carbon 
Ring 4 8 1.64 1.1 2.57 0.16 26 
ALL 17 47.85 22.2 69 3.15 27 



Ring 1 9 45.49 22.2 69 5.12 33 
Calcium 



Carbonate 
Ring 4 8 50.51 27.7 57.4 3.55 19 



 



Total organic carbon (TOC) concentrations provide an indication of the amount of organic 
matter present in bottom sediment. The generally high organic content of the sediment coupled 
with the observed high variability is atypical of low-energy, fine-grained deep ocean depositional 
areas. Benthic Foraminifera may be contributing the bulk of measured TOC.  
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Average TOC values for Ring 1 (4.38%) were over 2.5 times higher than the values for Ring 4 
(1.64%); but due to the high variability, this difference was not statistically significant (Kruskal-
Wallis analysis, p=0.068). Mean TOC concentrations for Ring 1 were similar to reported values 
of 3-4% for southern California basins (Finney and Huh 1989), but higher than levels in typical 
deep-sea sediments, of less than 1%. Reefs, whether natural or artificial, alter the physical 
characteristic of sediments adjacent to these structures (Diener et al., 1997). The ex- 
AGERHOLM represents a large reef, and the physical characteristics of the sediments within 
100-200 m could have been affected by the trapping of finer sediments and organic matter on the 
upcurrent side of the hulk and erosion of finer sediment on the downcurrent side. Thus, TOC 
values near the hulk may be elevated due to this reef effect. For most marine sediments, there is 
usually a significant correlation between fine sediments and TOC concentrations; however this 
relationship was not significant for the study (Pearson’s correlation p=0.57), suggesting that 
other factors contribute to TOC values. For example, large numbers of living benthic 
Foraminifera (protozoa) were found in the sediments samples and could contribute to higher 
TOC measurements, but these observations were incidental and not quantified. The presence of 
these Foraminifera was significant, because the high proportion of CaCO3 measured in the 
sediments was largely due to the tests of both living and dead foraminifera. 



As shown in Table 3-2, almost half of the sediments collected were comprised of calcium 
carbonate (48%) and values ranged from 22.2% (Station 1-2) to 69% (Station 1-5/6/7). No 
significant differences were found between either rings or cruises (p=0.61, 0.82 respectively). 
When compared to other physical sediment parameters, CaCO3



 was found to weakly correlate 
with gravel (r2=0.35, p=0.03). A similar relationship is observed between CaCO3



 and Al (r2=0.39, 
p=0.008;) Figure 3-11. See Appendix D for further information. 
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Figure 3-10. Concentrations of Al vs. total organic carbon (TOC) for sediment samples from Ring 1 (red 
triangles) and Ring 4 (blue cirles). Solid line is linear regression of Ring 4 samples, dotted lines are 95% 
predictive interval. 



 



 
Aluminum (%)



TO
C



 (%
)



1-1 1-6



1-4
1-7 1-5



1-8



1-3











 3-12



Figure 3-11. Concentrations of Al versus calcium carbonate (CaCO3) for sediment samples from Ring 1 (red 
triangles) and Ring 4 (blue circles). Solid line shows result from linear regression calculation for entire data 
set. 



3.1.2.2. Sedimentation Rate Evaluation 
Preliminary estimates of sedimentation rates were calculated from two sediment cores obtained 
prior to the sampling of the inner/outer rings. One core (EXAG001) had a sedimentation rate of 
0.12 +/- 0.04 cm/y, while the other one’s (EXAG002) rate was 0.067 +/- 0.005 cm/y, 
corresponding to 16-year sediment depositions of 1.2-2.4 cm and about 1 cm respectively, since 
the sinking of the ex-AGERHOLM in 1982. This slow accumulation appeared to be reasonable 
for this area off the Southern California coast, based on Huh et. al.’s (1990) estimates of 0.02-
0.03 cm/yr for a flat, deep basin and 0.05-0.13 cm/yr for a dynamic slope, as well as the mass-
based estimates of Eganhouse and Venkatesan (1993) calculated to be 0.5-0.8 g/m2/day. To 
maintain a balance between sampling enough sediment depth to ensure collection of material 
deposited since 1982, and collecting too much material that could potentially dilute any signal 
from the sunken vessel, 3 cm surface grabs and cores were selected. As described in Section 
2.5.2.4, two different methods were employed during this study to calculate sedimentation rates: 
(1) estimates based on deposition of sediment in traps deployed over a period of time in the 
vicinity of the ex-AGERHOLM, and (2) estimates based on radiological age-dating techniques 
from relatively additional undisturbed sediment cores recovered from the site. 



3.1.2.2.1. Rate Calculated by Deposition in Sediment Rate Traps 
Four sediment trap arrays each containing four settling tubes were successfully deployed and 
recovered providing a sampling exposure period of 405 days. Sediment mass collected as 
particulate fallout (i.e., suspended solids) was about half of the values reported for basins located 
nearer the mainland and continental shelf. There was some difference in the sedimentation rates 
based upon location within the study site. Traps located to the north had the greatest 
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sedimentation rates and those from east the least. The results of the sediment trap data are 
presented in Table 3-3. Using the total amount of sediment collected in the traps, Total 
Suspended Solids (TSS) ranged from 103.68-182.45 g/m2 while Total Volatile Solids (TVS), 
representing the organic fraction that can be volatilized in the laboratory, ranged from 18.83-
38.77 g/m2. Therefore, based upon an average deployment of 405 days, TSS sedimentation rates 
ranged from 0.256-0.450 g/m2/day, corresponding to 93.4-164 g/m2 /year, or 1.49- 2.6 kg/m2 for 
the entire 16 years during which the hulk rested on the ocean bottom. This is about half of the 
rate reported by Eganhouse and Venkatesan (1993) and most likely is a reflection of lower 
primary production and terrestrial particulates associated with the distance (120 nm) of the study 
site in Tanner Basin from the mainland compared to the Santa Monica (12 nm) and the San 
Pedro Basins (7 nm). The thickness of the solid particulates accumulated at the bottom of each 
settling tube was between 1 and 2 mm. Thus, the best estimate for the site-specific sedimentation 
rate/yr is in the range of 1-2 mm/year or 1.6-3.2 cm/16 years. The particulates trapped in the 
settling tubes contained a significant amount of organic material as indicated by the TVS values, 
which averaged between 15.01-29.91% of the sample weight. Since the ratio of TVS/TOC for 
the sediments in the study area is about two, then about 7.5-15% of the material settling into the 
basins is of organic origin.  



Table 3-3. Results of settling tubes, total suspended solids, total volatile solids, and percent volatiles. 



Location TSS 
Total Dry Wt. (g/m2) 



TVS 
Total Volatiles (g/m2) Percent Volatiles 



North 1 138.13 20.73 15.01 
North 2 153.30 25.77 16.81 
North 3 123.52 18.83 15.24 
North 4 171.59 28.09 16.37 



North Mean 146.64 23.36 15.86 
South 1 113.80 24.62 21.64 
South 2 123.70 24.98 20.20 
South 3 156.14 25.42 16.28 
South 4 154.04 26.55 17.23 



South Mean 136.92 25.39 18.84 
East 1 103.63 22.84 22.04 
East 2 110.55 23.97 21.68 
East 3 122.77 21.53 17.54 
East 4 118.96 19.86 16.70 



East Mean 113.98 22.05 19.49 
West 1 129.66 38.77 29.91 
West 2 109.95 23.23 21.13 
West 3 182.45 36.58 20.05 
West 4 125.81 26.03 20.69 



West Mean 136.97 31.15 22.95 
 



3.1.2.2.2. Rate Calculated by Sediment Age-Dating (Geochronology) 
Eight sediment core samples from various locations surrounding the ex-AGERHOLM were 
analyzed by gamma spectroscopy (Section 2.5.2.4) to obtain sediment geochronologies. 
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Sedimentation rates were calculated using vertical profiles for excess 210Pb from each core. 210Pb 
is a naturally occurring decay product of 238U with a half-life of 22.3 years. Excess 210Pb is 
transferred to the oceans when the parent radionuclide 222Rn, a gas with a half-life of only 3.8 
days, escapes to the atmosphere from the land. The 222Rn decays quickly to 210Pb in the 
atmosphere and rains out to the oceans to be scavenged by particles and carried to the seafloor. 
The excess 210Pb that is carried to the seafloor via the atmosphere decays to non-detectable levels 
in the sediment column over 4-5 half-lives, about 100 years. The profile for the activity of the 
excess 210Pb versus depth in the sediment column can be used to calculate sedimentation rates. 
Secondary validation of sediment ages determined by the excess 210Pb technique is preferred 
when possible. The fission-produced radionuclide 137Cs (first introduced to Earth by bomb 
testing during the early 1950s) has been used for this purpose in lacustrine, estuarine and shallow 
marine systems. However, 137Cs is not commonly detected in deep sea environments and was not 
used to validate aging in this study. Table 3-4 summarizes age-dating results that are discussed in 
more detail below. The discontinuity depth in Table 3-4 refers to the depth below which no 
excess 210Pb is observed; “none” is written in Table 3-4 when no excess 210Pb is observed in any 
layers of the core from a given site. 



Table 3-4. Sedimentation rates determined by analysis of radionuclides in sediment cores. 



Station Ring Cruise Discontinuity Depth (cm) Sedimentation Rate (cm/y) 
1-2 1 1998 None not determinable  
1-4 1 1998 >13 cm, unreliable ??? 
1-6 1 1998 ~4 cm, less reliable 0.03-0.07 
1-8 1 1998 None not determinable  
4-1 4 1999 0.5 no rate calculated, top ~2 cm 



may be missing  
4-3 4 1999 3.0 0.031 



4-3.1 4 1999 3.0 0.036 
4-5 4 1999 0.5 0.038, less reliable, based on 2 



points, top ~2 cm may be 
missing  



 



Sediment from Ring 4 appears to be less disturbed than sediment collected from Ring 1 and thus 
results for the outer ring sites (particularly in the deeper areas) provide better results. Vertical 
profiles for the natural logarithm (ln) of excess 210Pb in sediment cores from Stations 4-3 and 4-
3.1 show predicted exponential decay to zero within the top 3 cm of the sediment column (Figure 
3-12,Figure 3-13). Sedimentation rates calculated for these two cores are 0.031 and 0.036 cm/yr, 
respectively. Thus, sediment at a depth of about 3 cm, at this particular spot, may have been 
deposited almost 100 years before collection. However, it is unclear whether data collected at the 
bottom of the basin can be extrapolated to predict deposition at the ex-AGERHOLM, which is 
situated upslope from stations 4-3 and 4-4.1. These rates derived from age dating are 3-6x less 
than the rates estimated from the sediment traps, which are comparable to the initial estimates 
derived from the literature. The difference suggests either advective transport away from the 
area, or a bias in the sediment traps. 
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Figure 3-12. Vertical profile for ln excess 210Pb in sediment core from Station 4-3. The equation for the linear 
regression, the coefficient of determination (r2) and the sedimentation rate (S) are listed in the figure. 



Figure 3-13. Vertical profile for ln excess 210Pb in sediment core from Station 4-3.1. The equation for the 
linear regression, the coefficient of determination (r2) and the sedimentation rate (S) are listed in the figure. 



The results obtained here for Ring 4 show reasonable agreement with those obtained by Huh et 
al. (1990) for the southern California basins. In the flat, deeper portions of the Santa Monica and 
San Pedro Basins, the data from Huh et al. (1990) can be used to calculate sedimentation rates 
that range from 0.02 to 0.03 cm/yr, assuming a wet (bulk) sediment density of 1.6 g/cm3. Along 
the more dynamic slope portions of the two basins, sedimentation rates are considerably higher 
at 0.05-0.130 cm/yr (Huh et al. 1990). The activity of excess 210Pb in the top 0.5 cm of sediment 
at Station 4-3.1 in the SINKEX study is 32 dpm/g, a value consistent with those obtained by Huh 
et al. (1990). This good comparison in absolute activities supports confidence in recovery of an 
intact sediment core or a core that had not been disturbed in situ prior to sampling. The activity 
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of 210Pb in the core from Station 4-3.1 was lower at 8 dpm/g, possibly due to loss of the very top 
layer (<1 cm) of sediment due to some natural disturbance and/or sample collection. 



Excess 210Pb was found only in the top 0.5 cm section of the other two cores from Ring 4 
(Stations 4-1 and 4-5) as shown on Figure 3-14 and Figure 3-15. Therefore, no reliable 
sedimentation rates could be calculated. The activities of excess 210Pb in these two top layers are 
low at 1.5 dpm/g (Station 4-5) and 0.3 dpm/g (Station 4-1). Such low levels of excess 210Pb in 
the surface layer of sediment are consistent with loss of the top ~2 cm of sediment due to natural 
disturbance or loss during sampling. Despite the apparent loss of sediment, and with only one 
core slice containing excess 210Pb, a sedimentation rate of 0.038 cm/yr is obtained for Station 4-
5. The extremely low, single value for excess 210Pb at Station 4-1 (Figure 3-15a), yields an 
incompatible sedimentation rate of 0.01 cm/yr. However, as shown on Figure 3-15b, if the single 
point obtained for excess 210Pb at 0-0.5 cm in this core is viewed as a point at a depth of about 2 
cm (due to a probable loss of the top layer of sediment) and excess 210Pb profile data are taken 
from the upper layer data from intact cores, a sedimentation rate similar to those found at 
Stations 4-3 and 4-3.1 can be inferred. 



Figure 3-14. Vertical profile for ln excess 210Pb in sediment core from Station 4-5. The equation for the linear 
regression, the coefficient of determination (r2) and the sedimentation rate (S) are listed in the figure. The 
value for S is not considered to be reliable because it is based on just two points. 
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Figure 3-15. Vertical profiles for ln excess 210Pb from Station 4-1. (a) Original profile showing the presence of 
excess 210Pb only in the top 0.5 cm of the core. (b) Extrapolation of the vertical profile for excess 210Pb at 
Station 4-1 based on data from sites 4-3 and 4-3.1. If about 1.5-2 cm of sediment were lost, the observed trend 
at Station 4-1 would be consistent with the trends at Stations 4-3 and 4-3.1 and a sedimentation rate of ~0.03 
cm/yr. 



The geochronology data for Ring 1 are much less reliable than those from Ring 4 and support 
considerable disturbance of the sediment at this near-ship location. No excess 210Pb was 
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measured in any samples from Stations 1-2 and 1-8, both directly adjacent to the port side of the 
sunken ship. The observed lack of excess 210Pb could result from having the top layer of most 
recently deposited sediment removed by a natural event (e.g., turbidity flow), an anthropogenic 
disturbance (e.g., hydraulic wake from the sinking ship), or a sampling artifact. 



Excess 210Pb was measured in sediment cores from Ring 1 at Stations 1-4 and 1-6 on the 
starboard side of the sunken ship. However, the vertical profiles were somewhat disturbed for 
Station 1-6 and greatly disturbed at Station 1-4 as shown Figure 3-16 and Figure 3-17. If only the 
top three samples from Station 1-6 are considered, the sedimentation rate is about 0.031 cm/yr 
and consistent with cores from Ring 4 (Figure 3-16a). If all samples are included in the 
calculation, the sedimentation rate increases to 0.072 cm/yr (Figure 3-16b). No clear explanation 
fits the observed profile; however, some disturbance of the sediment most likely occurred. At 
Station 1-4, high levels of excess 210Pb are observed over 13 cm of the core. No reliable sediment 
accumulation rate can be obtained from this core, which probably contains several different 
layers of surface (top 2 cm) sediment that were re-suspended and then settled back on the 
seafloor. 



Figure 3-16. Vertical profiles for ln excess 210Pb from Station 1-6. Sedimentation rates (S) are shown on each 
figure. (a) Possible interpretation of shifts in sedimentation rate of addition of sediment during re-suspension 
event caused when the ex-AGERHOLM sunk and (b) Interpreted sedimentation rate assuming no sediment 
disruption, just non-steady-state deposition over time. 
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Figure 3-17. Vertical profiles for ln excess 210Pb from Station 1-4. 



Overall, the results for Ring 4 yield a sedimentation rate of about 0.03 cm/yr (using one 
significant figure). This rate seems reasonably reliable for this area and consistent with previous 
studies at somewhat comparable locations (e.g., Huh et al. 1990). Thus, <1 cm of sediment has 
most likely been deposited since the sinking of the ex-AGERHOLM in 1982. 



Sediments have been more disturbed in Ring 1, and most likely occurred during the sinking of 
the ex-AGERHOLM. The geochronology data can be used to suggest possible effects. For 
example, sediment at two stations on the port side of the ship in Ring 1 was most likely moved 
away from the ship by the hydraulic wake caused during sinking. Some surface sediment most 
likely resettled at Station 1-4, and possible Station 1-6, on the starboard side of the sunken ship. 



3.1.2.2.3. Summary of Sedimentation Rate Evaluation 
Attempts to date the sediments through calculation of sedimentation rates by using two different 
methods produced slightly different results. The analysis of sediment collected in the traps 
yielded a rate of 0.1-0.2 cm/yr, which corresponds to an accumulation of 1.6-3.2 cm for 16 years, 
while radiological age-dating techniques yielded a lower rate of about .03 cm/yr, corresponding 
to an accumulation of about 0.5 cm for the 16 years. If the latter rate is closer to the truth, then 
the top 3 cm of material integrated deposition of sediment from a longer time period than 16 
years. The comparison of ship site vs. reference site, in which any dilution of sediment is 
constant across the study, renders this issue more of an academic one rather than a critical 
confounder. Finally, these ranges of values did not differ from those found in the relevant 
literature. 



3.1.3. Infaunal Community Assessment 
The infaunal community, small invertebrates living on and in the sediments, was sampled to 
assist in describing the existing biological conditions and to provide a baseline description of this 
community at the study site. Quantitative (i.e., boxcore samples) and non-quantitative (e.g., ROV 
collection, organisms on retrieved equipment, and processing of residual sediments in boxcores 
where the majority of the sediments were collected for chemistry or bioassay) evaluation of the 
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epibenthic macroinvertebrates/infaunal community was conducted on samples retrieved from 
both the Inner Ring (ship site) and Outer Ring (reference site). 



Infaunal samples were collected using small boxcores (0.053 m2 surface area) and the sediments 
were screened through nested sieves with two different size mesh: first, through a 1.0 mm sieve 
(retains all the organisms larger than 1.0 mm) and then through a 0.5 mm sieve (retains organism 
smaller than 1.0 mm but larger than 0.5 mm). The size fractionation of infauna samples permits 
comparisons to historical information. For example, studies characterizing the infaunal 
communities of southern California slopes and basins utilized a 1.0 mm sieve (e.g., Hartman and 
Barnard 1960, Thompson and Jones 1987). More recent studies in other areas, especially for 
deeper communities, have been using smaller sieves (e.g., 0.5 and 0.3 mm sieves) for processing 
and characterizing infaunal communities. The 0.5 mm sieve was selected as a default size when 
the use of a 0.3 mm proved impractical for the coarse and gravel sediments in the study area. The 
1.0 mm sieve characterizes the community for the larger organisms retained only on the 1.0 mm 
sieve. The infaunal community characterized by the 0.5 mm sieve includes all of the organisms 
larger than 0.5 mm, which involves the addition of the organisms retained on the 1.0 mm sieve 
and the additional organisms retained by the 0.5 mm sieve representing the whole community 
larger than 0.5 mm. 



3.1.3.1. Community Composition 



3.1.3.1.1. Species Richness and Abundance 
This evaluation found 240 unique taxa (exclusive of nematodes and calanoid copepods) 
representing 1,508 organisms (Appendix A). The infaunal community, sampled (both 0.5 mm 
and 1.0 mm fractions) by quantitative boxcores, was represented by 203 unique taxa representing 
1,290 organisms (Table 3-5). This represents a species richness of 25.8 taxa/0.053 m2 boxcore 
with an infaunal density of 1,058 individuals/m2 for the community defined by the 0.5 mm sieve. 
For the infaunal community defined only by the 1.0 mm sieve, the species richness was 13.5 
taxa/boxcore with a density of 445 individuals/m2 (Table 3-6). The non-quantitative 
miscellaneous collections added another 36 unique taxa representing 225 individuals. Nematodes 
(218) and calanoid copepods (7) were not included, because nematodes tend to be small and are 
poorly sampled by the 0.5 mm sieve, whereas the calanoid copepods are typically found in the 
water column and therefore are not representative of the infaunal community. 



3.1.3.1.2. Comparisons with Relevant Historical Data 
For comparison, the density of infauna reported by Hartman and Barnard (1960) for the 1.0 mm 
community for the slopes and basins of southern California was only 71 organisms/m2. Studies 
of the 1.0 mm infaunal community off of southern California (Thompson and Jones 1987) found 
an average of 20.4 taxa/0.06 m2 boxcore with an average density of 642 individuals/m2 for the 
nearshore upper slope infaunal community (161-632 m deep), 13.5 taxa/boxcore with a density 
of 458.5 individuals/m2 for the nearshore lower slope communities (480-851 m deep), and for the 
offshore basins lower slopes (541-1768 m deep), an average of 28.4 taxa/boxcore with a density 
1,275 individuals/m2 was reported. The results of this SINKEX study for the 1.0 mm community 
(13.5 species/boxcore and 445 individuals/m2) characterize a community that appears almost 
identical to the nearshore lower slope community, but more depauperate than the offshore basin 
lower slope community. This difference may reflect the coarse gravel nature of the sediment 
from the SINKEX study site that tends to be less favorable habitat for small infaunal organisms. 
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Table 3-7 and Table 3-8 summarize the infaunal community for the major taxonomic groups for 
the community represented by the 0.5 mm and 1.0 mm sieve fractions from the ex-AGERHOLM 
site, respectively. The community represented by just the 1.0 mm fraction had about half the 
number of taxa/sample and abundance of the 0.5 mm fraction. For communities on the 
continental shelf, the 0.5 mm fraction will typically have about two to three times the abundance 
of the 1.0 mm fraction and about 50% greater species richness Thus, the abundance proportions 
for 1.0 and 0.5 sieve sizes from the ex-AGERHOLM site are similar to that of shallower 
communities, but the samples from the study area indicate a greater number of smaller species. 
This is consistent with the general concept that deeper water communities tend to have smaller 
sized organisms (Theil, 1975; Gage and Tyler, 1991). 



3.1.3.1.3. Overall Composition by Major Taxonomic Groups 
The total infaunal community (including both 0.5 mm and 1.0 mm fractions, Table 3-5) was 
dominated by segmented worms (polychaetes), representing 42.8% of the species and 55.7% of 
the abundance. Crustaceans were the second most important group of organisms representing 
33.5% of the species and 21.1% of the individuals. Mollusca were the third most important group 
representing 12.8% of the species and 11.5% of the abundance. These groups were followed by 
minor phyla having 4.4% and 2.3%, echinodermata having 3.4% and 8.5%, and cnidaria having 
3.0% and 0.9% of the species and individuals, respectively. 



For the 1.0 mm community these proportions (of species and abundance, respectively) were as 
follows: 



• polychaetes 43.5% and 57.6%, 
• crustaceans 26.6% and 16.2%, 
• molluscs 15.6% and 9.45%, 
• echinoderms 4.5% and 11.6%, 
• cnidaria 3.9% and 1.5%, 
• and for minor Phyla 5.8% and 3.7% for proportion of taxa and abundance, respectively. 



These proportions for the 1.0 mm fraction are similar or intermediate between those values 
representing slope and shelf communities (Hartman and Barnard 1960). These results suggest 
that the community at the study site is somewhat of a transitional community between upper 
slope/shelf and lower slope communities. 
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Table 3-5. Summary of number of species and abundance by major taxonomic group for the combined 0.5 
and 1.0 mm infauna size fractions and for miscellaneously collected organisms. 



 
Infauna 
No. of 



Species 



Misc. 
Invertebrate 



No. of Species 



Total No. 
of 



Species 
Infauna 



Abundance 
Misc. 



Invertebrate 
Abundance 



Total 
Abundance 



Cnidaria 
(anemones, 
hydroids, sea 
pens) 



6 4 10 12 17 29 



Polychaeta 
(worms) 



87 12 98 718 89 807 



Minor Phyla 
(sponges, 
nemertea, 
bryozoan, etc) 



9 1 10 30 6 36 



Crustacea 
(amphipods, 
Cumacea, shrimp, 
crabs) 



68 12 81 272 51 316 



Mollusca 
(snails, clams, 
chitons, and tooth 
shells) 



26 1 27 148 17 165 



Echinodermata 
(starfish, brittle 
stars, sea 
cucumbers) 



7 6 13 110 45 155 



TOTAL 203 36 240 1290 225 1508 
 
Table 3-6. Summary of number of species and abundance by major taxonomic group for the 1.0 mm infauna 
size fractions and for miscellaneously collected organisms. 



 
Infauna 
No. of 



Species 



Misc. 
Invertebrate 



No. of Species 



Total No. 
of 



Species 
Infauna 



Abundance 
Misc. 



Invertebrate 
Abundance 



Total 
Abundance 



Cnidaria 
(anemones, 
hydroids, sea 
pens) 



6 4 10 8 17 25 



Polychaeta 
(worms) 



67 12 79 313 89 402 



Minor Phyla 
(sponges, 
nemertea, 
bryozoan, etc) 



9 1 10 20 6 26 



Crustacea 
(amphipods, 
Cumacea, shrimp, 
crabs) 



41 12 53 88 51 139 



Mollusca 
(snails, clams, 
chitons, and tooth 
shells) 



24 1 25 51 17 68 



Echinodermata 
(starfish, brittle 
stars, sea 
cucumbers) 



7 6 13 63 45 108 



TOTAL 203 36 240 543 225 768 
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Table 3-7. Summary of community measures by station for the combined 0.5 and 1.0 mm infaunal 
community. 



Station Number of 
Replicates 



Number 
of 



Species 
Abundance 



Shannon-
Wiener 



Diversity 



Margalef 
Species 



Richness 
Dominance 



Index 
Evenness 



Index 



1-1 2 19 33 2.71 5.07 13 0.94 
1-2 1 32 53 3.48 7.81 23 1.00 
1-3 1 20 29 2.81 5.64 14 0.94 
1-3.5 1 31 58 3.33 7.39 20 0.97 
1-4 1 10.5 22 1.86 3.18 5.5 0.79 
1-5 1 21 42 3.00 5.35 15 0.99 
1-5/6/7 2 27 59.5 3.14 6.34 17 0.96 
1-6 1 24 70 2.88 5.41 11 0.91 
1-7 2 33 65 3.37 7.66 21 0.97 
1-8 1 22 51 3.04 5.34 13 0.98 
4-1 2 35.5 91.5 3.25 7.63 18 0.91 
4-2 2 27 47.5 3.23 6.74 18.5 0.99 
4-3.1 2 24.5 45.5 3.10 6.16 15.5 0.97 
4-5 2 25 45.5 3.02 6.36 16.5 0.95 
4-6 2 35.5 88 3.21 7.67 18.5 0.92 
Average - 25.8 53.4 3.03 6.25 16.0 0.95 
 



Table 3-8. Summary of community measures by station for the 1.0 mm infaunal community. 



Station Number of 
Replicates 



Number 
of 



species 
Abundance 



Shannon-
Wiener 



Diversity 



Margalef 
Species 



Richness 
Dominance 



Index 
Evenness 



Index 



1-1 2 11.5 19.5 2.32 3.73 7.5 0.95 
1-2 1 11 13 2.46 3.90 9 1.03 
1-3 1 15 24 2.50 4.41 10 0.92 
1-3.5 1 16 29 2.59 4.45 10 0.94 
1-4 1 10 29 1.48 2.67 3 0.64 
1-5 1 11 22 2.41 3.24 9 1.01 
1-5/6/7 2 12 19.5 2.48 3.71 9.5 1.00 
1-6 1 12 26 2.19 3.38 7 0.88 
1-7 2 17 27.5 2.83 4.80 13 1.01 
1-8 1 10 22 2.29 2.91 7 0.99 
4-1 2 15 28 2.64 4.22 10.5 0.99 
4-2 2 15.5 18.5 2.68 4.98 11.5 0.99 
4-3.1 2 13 18.5 2.54 4.15 9.5 0.99 
4-5 2 11.5 15 2.49 3.91 10 1.02 
4-6 2 21.5 42.5 2.87 5.45 13.5 0.94 
Average - 13.5 23.6 2.45 3.99 9.33 0.95 
 



3.1.3.2. Inner versus Outer Ring Comparisons – Total Community (0.5 & 1.0 mm) 
The infaunal community was further evaluated using common community measures, which are 
summarized in Table 3-9 and Table 3-10. For the total infaunal community (both 0.5 and 1.0 mm 
sieve) there were no significant differences for any of the community measures between the 
Inner and Outer Rings, and no significant regressions with grain size and TOC measurements, or 
PCA factors (Table 3-9). 
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Table 3-9. Mean value of community measures and results of statistical hypothesis testing for the combined 
0.5 and 1.0 mm infaunal community. 



Community Measure Data 
Transformation 



Mean Inner 
Ring 



(Ring 1) 



Mean Outer 
Ring 



(Ring 4) 
Statistical 



Significance 
Interpretation: 



Reject Null 
Hypothesis 



No. of Species Non transformed 24.0 29.5 P=0.148 No 
Abundance Non transformed 48.3 63.6 P=0.161 No 
Shannon Wiener 
Diversity Index 



Ranks 2.96 3.16 P=0.411 No 



Margalef Species 
Richness 



Non transformed 5.92 6.91 P=0.170 No 



Dominance Index Non transformed 15.3 17.4 P=0.388 No 
Evenness Index Ranks 0.945 0.948 P=0.728 No 
 



Table 3-10. Mean value of community measures and results of statistical hypothesis testing for the 1.0 mm 
infaunal community. 



Community Measure Data 
Transformation 



Mean Inner 
Ring 



(Ring 1) 



Mean Outer 
Ring 



(Ring 4) 
Statistical 



Significance 
Interpretation: 



Reject Null 
Hypothesis 



No. of Species Log 10 12.6 15.3 P=0.112 No 
Abundance Log 10 23.2 24.5 P=0.964 No 
Shannon Wiener 
Diversity Index 



Ranks 2.36 2.65 P=0.021 Yes 



Margalef Species 
Richness 



Log 10 3.72 4.54 P=0.050 No* 



Dominance Index Non transformed 8.50 11.0 P=0.075 No 
Evenness Index Ranks 0.936 0.987 P=0.728 No 



* Criteria for significance p<0.05 



3.1.3.2.1. Species Richness and Abundance 
The number of taxa/sample, considered by many as the only true measure of community 
diversity, ranged from 10.5 to 35.5 taxa/sample. On average the Outer Ring (29.5 taxa/sample) 
had 5.5 more taxa/sample than the Inner Ring (24.0 taxa/sample); however, this difference was 
not statistically significant (p=0.148). Abundance values ranged from 22 to 91.5 
individuals/sample and showed a pattern similar to the number of taxa/sample with the Outer 
Ring (63.6 individuals/sample) having 15.3 more individuals/sample than the Inner Ring (48.3 
individuals/sample); however, this difference also was statistically not significant. 



3.1.3.2.2. Diversity Indices 
Diversity indices are derived community measures that utilize number of species and their 
abundance for their calculation. For diversity indices to be useful they should have some 
biological meaning, be easy to interpret, and they should be sensitive to community changes 
caused by pollutant impacts. Diversity is considered important because it appears to be an 
attribute of natural or organized community. Diversity is a widely used term to define observed 
frequencies of species with a particular number of individuals within a population or community. 
Diversity has two aspects that relate to the number of species (taxa) in a sample and the relative 
abundance of each species. Because the number of species and the equitability of the species 
abundance often vary independently, numerous methods of calculating diversity have been 
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developed. Four diversity indices have been used to evaluate the infaunal data: Shannon Wiener 
Index, Margalef’s Species Richness, Dominance, and Evenness. 



The Shannon Wiener (H′) index has been widely used to evaluate community responses to 
impacts. This index is based upon information theory, tends to be normally distributed and 
independent of sample size. This index tends to be more sensitive to the distribution 
(equitability) of individuals among the species and less sensitive to species richness. 



For the total community (0.5 and 1.0 mm communities), Shannon Wiener values Table 3-7) 
ranged from 1.86 (Station 1-4) to 3.48 (Station 1-2). Low values indicate that a few species 
dominated the sample, while higher values reflect a more equitable distribution of the individuals 
among the species. Shannon Wiener values appeared to be lower for the Inner Ring (2.96) than 
the Outer Ring (3.16), but this difference (as for all the comparisons of diversity indices) was not 
statistically significant. 



Margalef’s Species Richness Index (Table 3-9) transforms the community measures by 
normalizing the number of taxa by the natural log of the abundance. This transformation 
produces a numeric value that is essentially a dominance measure; thus, this index is more 
sensitive to the distribution of individuals among the species rather than the number of taxa. 
Margalef’s Species Richness values ranged from 3.18 (Station 1-4) to 7.81 (Station 1-2), and the 
Inner Ring (5.92) had lower values than the Outer Ring (6.91). This difference was also non-
significant (Table 3-9). 



The Dominance Index used in this study is the number of taxa that accounts for 75% of the 
individuals. Dominance (Table 3-7) ranged from 5.5 (Station 1-4) to 23 (Station 1-2). Inner Ring 
Dominance averaged 15.3 while the Outer Ring averaged 17.4. This means that the Outer Ring 
required 17.4 taxa to account for 75% of the abundance, while the Inner Ring required 15.3 taxa. 
However, this difference was not significant (Table 3-9). Higher values of Dominance (i.e., 
fewer dominant species) correlate with higher values of Shannon Wiener and Margalef’s indices. 
The Evenness Index is another measure of the equitability of the individuals among the taxa. 
Evenness (Table 3-7) ranged from 0.79 (Station 1-4) to 1.00 (Station 1-2). The Inner Ring 
(0.945) had slightly lower Evenness than the Outer Ring (0.948), but again this was non-
significant (Table 3-9). Note that the lowest values for all these diversity indices were at Station 
1-4, while Station 1-2 had the highest values. This indicates that while these diversity measures 
have very different values, they all tend to show the same pattern and trends. 



3.1.3.2.3. Community Measures and Habitat Variability 
In addition to the differences in the physical environment between the Inner and Outer Rings and 
the statistical differences for some of the community measures, there were also differences in the 
ranges of values observed for the community measures. Notably, the infaunal community (both 
0.5 and 1.0 mm) for the Outer Ring was generally more consistent and less variable than 
comparable measures for the Inner Ring (Table 3-13). The increased range of values for the 
Inner Ring measures is consistent with increased habitat variability associated with possible “reef 
effects” of the sunken vessel, and/or possible physical alterations (e.g., more exposed and broken 
gravel/cobble) of the sediments from the impact of the sunken vessel as it contacted the bottom. 
For the major taxonomic groups, except for polychaetes, the greatest values for number of 
species and abundance were in the Outer Ring. All but one station within the Inner Ring (Station 
1-7) had at least one measurement for number of species and/or abundance that were less than 
the range observed at the Outer Ring stations. 
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3.1.3.3. Inner versus Outer Ring Comparisons – Focus on 1.0mm Community 
A similar type of community analysis was conducted just for the 1.0 mm community (Table 
3-10). This analysis found no significant difference for four of the six community measures, but 
Margalef’s Species Richness was at the cutoff of significance (p=0.050) and Shannon-Wiener 
Diversity was significantly (p=0.021) higher for the Outer Ring. This difference reflects the fact 
that the Outer Ring tended to have a few more species, and they tended to be more equitable in 
their distribution. 



3.1.3.3.1. Correlations Among Composition and Physical/Chemical Properties 
Regression analysis was used to determine if observed differences in community measures were 
correlated with differences in physical (i.e., grain size measures) and chemical properties (i.e., 
PCA factors) of the sediments. Regression analysis found only marginal correlations for both 
Margalef’s Species Richness and Shannon-Wiener Diversity with % sand (r2=0.27, p=0.057 and 
r2=0.024, p=0.078, respectively). Since there was no significant difference between the rings for 
the primary community measures (i.e., number of species and their abundance) and for two of 
the four derived measures there is little indication of effects from the vessel on the infaunal 
community. The lack of significant correlations with sediment contaminants and only marginal 
correlations with sediment grain size measures suggests that the statistical results are most likely 
due to physical differences between the rings and not from sediment contaminants. 



3.1.3.3.2. Inner Versus Outer Rings – Major Taxonomic Groups (0.5 & 1.0 mm) 
A more detailed examination of the infaunal data for the five major taxonomic groups found 
more significant differences among the community measures in these groups between the Inner 
and Outer Ring than in the total community measures (Table 3-11 and Table 3-12). Thus, when 
considering the total infaunal community (both 0.5 and 1.0 mm) there appears to be no 
differences between the Inner and Outer Rings and only one minor difference for the 1.0 mm 
community. However, because of significant differences in physical characteristics (e.g., Table 
3-48) between the Inner and Outer Rings, some differences in the infaunal community would be 
expected. 



For the total infaunal community (0.5 and 1.0 mm) there were no significant differences for 
annelids and minor phyla for any of the community measures (Table 3-11). In contrast, the Outer 
Ring had more crustacean species, with greater diversity; more molluscan taxa with greater 
abundance; and greater echinoderm dominance, than the Inner Ring. 
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Table 3-11. Summary of statistical hypothesis testing for infaunal community measures by major phyla for 
the 0.5 mm and 1.0 mm size fractions. Bold values indicate statistical significance p<0.05; 4>1 denotes that the 
values for the Outer Ring (4) were greater than the Inner ring (1). 



Group Number of 
Species Abundance 



Shannon-
Wiener 



Diversity  
Margalef’sSpecies 



Richness 
Dominance 



index Evenness 



Annelida P=0.400 P=0.847 P=0.411 P=0.413 P=0.551 P=0.411 
Crustacea P=0.034 



4 > 1 
9.40 > 4.55 



P=0.138 
4 > 1 



16.2 > 8.25 



P=0.064 
4 > 1 



1.95 > 1.27 



P=0.011 
4 > 1 



3.11 > 2.05 



P=0.022 
4 > 1 



6.30 > 3.40 



P=0.950 



Mollusca P=0.015 
4 > 1 



4.70 > 2.50 



P=0.047 
4 > 1 



8.90 > 4.20 



P=0.031 
4 > 1 



1.36 > 0.82 



P=0.088 
4 > 1 



1.81 > 1.39 



P=0.061 
4 > 1 



3.00 > 2.20 



P=0.070 
1 > 4 



0.988 > 0.922 
Minor Phyla P=0.759 P=0.396 P=0.719 P=0.336 P=0.803 P=0.118 
Echinodermata P=0.678 P=0.213 P=0.916 P=0.404 P=0.020 



4 > 1 
1.60 > 1.20 



P=1.000 



 



Table 3-12. Summary of statistical hypothesis testing for infaunal community measures by major phyla for 
the 1.0 mm size fraction. Bold values indicate statistical significance p<0.05, 4 > 1 denotes that the values for 
the Outer Ring (4) were greater than the Inner Ring (1). 



Group Number of 
Species Abundance 



Shannon-
Wiener 



Diversity  



Margalef’s 
Species 



Richness 
Dominance 



Index Evenness 



Annelida P=0.073 
4 > 1 



8.15 > 6.20 



P=0.016 
1 > 4 



17.3 > 10.0 



P=0.261 P=0.372 P=0.333 P=0.457 



Crustacea P=0.086 
4 > 1 



4.00 > 1.55 



P=0.135 
33 



P=0.653 
 



P=0.052 
4 > 1 



2.06 > 1.32 



P=0.005 
4 > 1 



3.30 > 1.60 



P=0.492 



Mollusca P=0.005 
4 > 1 



1.19 > 0.84 



P=0.037 
4 > 1 



3.10 > 1.45 



P=0.014 
4 > 1 



0.92 > 0.27 



P=0.031 
4 > 1 



1.83 > 1.01 



P=0.009 
4 > 1 



2.60 > 1.40 



P=0.197 



Minor Phyla P=0.901 P=0.901 P=0.403 P=0.068 
1 > 4 



1.63 > 1.44 



P=0.402 NC 



Echinodermata P=0.170 P=0.580 
 



P=0.693 P=0.504 P=0.117 P=1.000 



NC=Not Capable of being calculated; i.e., too similar 



 
3.1.3.3.2.1. Crustaceans 
There were significantly (p=0.034) more crustacean taxa/sample for the Outer Ring (9.40) 
compared with the Inner Ring (4.55). This also caused crustacean Dominance and Margalef’s 
Species Richness to be significantly higher (p=0.022 and p=0.011, respectively). For the number 
of crustacean taxa, a significant, but weak, positive correlation was found with % sand (r2=0.26), 
and similar negative correlations were found with % TOC (r2=0.22) and % gravel (r2=0.31) 
(Figure 3-18). Only the regression with gravel was statistically significant (p=0.037). However, 
the regressions with % sand (p=0.058) and % TOC (p=0.089) were close to the statistical cutoff 
and support the observation that the greater number of crustacean taxa away from the target 
vessel may be related to changes in these measures that are natural, or possibly due to reef 
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effects. These results suggest that the sediments adjacent to the target vessel, because of their 
higher % gravel, TOC, and lower % sands, are not as favorable a habitat as the Outer Ring for 
crustaceans. These results also support the theory (to be discussed later in the Effects section) 
that the one negative toxicity7 result (refer to Section 3.3.1) for Rhepoxynius abronius (a 
crustacean) at Station 1-6 may have been due to the physical characteristics of the sediments, and 
not from sediment toxicity at this location. This station had the lowest proportion of sand, high 
TOC and % clay (Table 3-45 and Table 3-46). 



 



Figure 3-18. Regression of number of crustacean species (0.5 + 1.0 mm) with physical characteristics. 



3.1.3.3.2.2. Molluscs 
Mollusc patterns were similar to crustacean patterns. There were significantly more mollusc taxa 
per sample at the Outer Ring (4.70) than at the Inner Ring (2.50). In addition, there was 
significantly greater mollusc abundance at the Outer Ring (8.9) than the Inner Ring (4.2). These 
differences between the rings also contributed to a higher Shannon Wiener Diversity for the 
Outer Ring. Regression analysis found significant, albeit weak, positive correlations for the 
number of mollusc taxa with % silt (r2=0.38, p=0.018) and Fine Grain Size Factor (PCA Factor 
2, see Section 2.5.12.4) (r2=0.39, p=0.017), and a similar significant negative correlation with % 
gravel (r2=-0.30, p=0.043) (Figure 3-19). Thus, as found for the crustaceans some of the 
difference between the Inner and Outer Ring for molluscs appears to be due to the differences in 
the composition of the sediments. The lack of significant correlations with PCA Factors 1, 3 and 
4 (mainly characterized by primary and secondary contaminants of concern) supports the 
                                                 
7 Due to the complexity of this report, it is necessary to refer to toxicity in this section, although the topic is not 
discussed in detail until a following section. 
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contention that differences in the molluscan community were due to differences in physical 
parameters, and not chemical contaminants contributed by the sunken ship. 



3.1.3.3.2.3. Echinoderms 
For the echinoderms there was only one community measure that indicated some difference 
between rings. The Outer Ring had a significantly higher echinoderm Dominance Index than the 
Inner Ring (Table 3-11), but there were no significant correlations with any measured 
environmental parameters. This observation suggests that the statistical difference may not have 
ecological significance.  



 



Figure 3-19. Regression of number of molluscan species (0.5 + 1.0 mm) with physical characteristics. 



3.1.3.3.3. Inner versus Outer Rings – Major Taxonomic Groups (Focus on 1.0 mm) 
A slightly different perspective was provided by considering only the community represented by 
the 1.0 mm fraction (Table 3-12). There were no significant differences for the echinoderms and 
minor phyla for any of the community measures. There were more worms (annelids) and fewer 
crustaceans and molluscan species with lower abundance at the Inner Ring, compared to the 
Outer Ring. 



3.1.3.3.3.1. Annelids 



There were significantly more annelids at the Inner Ring (17.3) compared to the Outer Ring 
(10.0). This difference was significantly, but weakly correlated with % TOC (r2=0.34, p=0.030), 
indicating that the increase in the number of worms near the target ship may have been in part 
related to the higher concentration of TOC at the Inner Ring, a possible indicator of food, and not 
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due to sediment contaminants (Figure 3-20). It is unknown whether such food abundance would 
preferentially favor worms over other organisms. 



3.1.3.3.3.2. Crustaceans 
As found for the combined 0.5 and 1.0 mm fractions, crustaceans tended to have more 
individuals and species away from the target vessel (although this was not significant), and this 
influenced the calculations for diversity indices. Of the four crustacean diversity measures, only 
crustacean Dominance was significantly higher for the Outer Ring. However, number of species 
(p=0.086) and Margalef’s Species Richness (p=0.052) were close to being significant. 
Crustacean Dominance was significantly and strongly correlated with % sand (r2=0.59, p=0.010) 
and negatively, though weakly, correlated with % gravel (r2=0.25, p=0. 067) (Figure 3-21). Thus, 
physical differences in grain size parameters correlate with crustacean community measures and 
may contribute to observed community differences between Inner and Outer Rings. 



 



Figure 3-20. Regression of polychaete abundance (1.0 mm) with TOC. 
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Figure 3-21. Regression of crustacean dominance (1.0 mm) with grain size measures. 



3.1.3.3.3.3. Molluscs 
Molluscan community measures followed the pattern of the crustaceans (Table 3-12). There 
were significantly more mollusc taxa with greater abundance at the Outer Ring and this 
difference contributed to a higher diversity values for Shannon Wiener Diversity, Margalef’s 
Species Richness, and Dominance. The number of molluscan taxa was negatively correlated with 
% gravel (r2=0.27, p=0.0593), and molluscan abundance was not significantly correlated with the 
measured environmental variables. Derivation of PCA factors is discussed in Section 2.5.12.4. 
Thus, as found for other major phyla groups, the differences in grain size measures correlate with 
some of the differences observed for the infaunal community measures. In contrast to 
crustaceans and molluscs, the polychaetes had greater abundance closest to the target vessel. 
This apparent enhancement effect correlates with polychaete abundance being positively 
correlated with TOC, which was highest nearest the target vessel (Figure 3-20). The data for all 
of the above measurements are tabulated in Table 3-13. 



Table 3-13. Ranges of infaunal community measures and differences between Inner and Outer Rings. 



Differences 



Measurement 
Type 



Mean ± SD 
First set of data are Outer 
Ring summaries/Second 
set of data are for Inner 



Ring summaries - Highest 
values are in bold 



Range of 
Measurement 



First set of data are 
Outer Ring summaries 
/Second set of data are 



for Inner Ring 
summaries - Highest 



values are in bold 



Ranges 
(Maximum/minimum) 
First set of data are 
Outer Ring, Second 
set of data are for 



Inner Ring bold data 
indicates least 



variable set of data 



% Difference 
between Outer 
Ring and Inner 



Ring ranges 



Species 
Total 29.50±5.56 24.00±6.99 24.5-35.5 10.5-33.0 1.45 3.14 0.46 



Mollusca 4.70±1.30 2.50±1.27 3.0-6.5 1.0-5.0 2.17 5.0 0.43 



Annelida 12.90±1.08 14.45±3.84 11.5-14.5 7.5-21.0 1.26 2.80 0.45 



Arthropoda 9.40±3.40 4.55±3.10 6.5-14.5 0.0-10.0 2.23 ∝ ∝ 



Echinodermata 1.10±0.55 0.90±0.32 0.5-2.0 0.0-1.0 4.0 ∝ ∝ 



Other 1.40±0.82 1.55±0.90 0.5-2.5 0.0-3.0 5.0 ∝ ∝ 



Abundance 
Total 63.6±23.92 48.3±16.11 45.5-91.5 22-70 2.01 3.18 0.63 
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Mollusca 8.90±5.92 4.20±3.20 4.5-19.0 4.5-11.0 4.22 2.44 173 



Annelida 29.60±6.70 31.3±9.97 23.0-37.5 22.0-70.0 1.63 3.18 0.51 



Arthropoda 16.2±9.65 8.25±7.45 7.0-29.5 0.0-22.5 4.21 ∝ ∝ 



Echinodermata 7.50±7.98 2.55±1.98 1.0-20.5 0.0-6.0 20.5 ∝ ∝ 



Other 1.40±0.82 2.00±1.39 0.5-2.5 0.0-4.0 5.0 ∝ ∝ 



Shannon-Wiener Diversity 



Total 3.16±0.10 2.96±0.46 3.02-
3.25 



1.86-3.37 1.08 1.82 0.59 



Mollusca 1.36±0.20 0.82±0.47 1.1-1.5 0.0-1.6 1.36 ∝ ∝ 



Annelida 2.44±0.12 2.47±0.42 2.3-2.6 1.5-3.1 1.13 2.07 0.55 



Arthropoda 1.95±0.37 1.27±0.69 1.5-2.5 0.0-2.5 1.67 ∝ ∝ 



Echinodermata 0.43±0.16 0.20±0.33 0.3-0.7 0.0-1.0 2.33 ∝ ∝ 



Other 0.42±0.29 0.51±0.47 0.0-0.7 0.0-1.0 ∝ ∝ ∝ 



Margalef Diversity 



Total 6.91±0.71 5.92±1.42 6.16-
7.63 



3.18-7.81 1.25 2.46 0.51 



Mollusca 1.81±0.24 1.39±0.47 1.4-2.0 0.6-2.2 1.43 3.67 0.39 



Annelida 3.57±0.27 3.93±0.92 3.2-3.8 2.3-5.6 1.19 2.43 0.49 



Arthropoda 3.11±0.67 2.05±0.57 2.7-4.3 1.2-3.1 1.59 2.58 0.62 



Echinodermata 0.06±0.13 0.29±0.55 0-0.3 0.0-1.4 ∝ ∝ ∝ 



Other 1.62±0.36 1.39±0.50 1.4-2.2 0.7-1.8 1.57 2.57 0.61 



Dominance Diversity 



Total 17.4±1.34 15.3±5.20 15.5-
18.5 



5.5-23 1.19 4.18 0.28 



Mollusca 3.0±0.35 2.2±0.82 2.5-3.5 1-4 1.4 4 0.35 



Annelida 8.4±1.14 9.3±3.14 7-9.5 3.5-15 1.36 4.29 0.32 



Arthropoda 6.3±2.11 3.4±1.85 5-10 1-7 2.0 7.0 0.29 



Echinodermata 1.6±0.22 1.2±0.35 1.5-2 1-2 1.33 2.0 0.67 



Other 1.6±0.42 1.65±0.58 1-2 1-2.5 2.0 2.5 0.8 



Evenness Diversity 



Total 0.95±0.03 0.95±0.06 0.91-
0.99 



0.79-1.00 1.08 1.27 0.85 



Mollusca 0.92±0.06 0.99±0.06 0.8-1.0 0.8-1.1 1.25 1.38 0.91 



Annelida 0.96±0.03 0.94±0.07 0.9-1.0 0.8-1.0 1.11 1.25 0.89 



Arthropoda 0.94±0.10 0.96±0.06 0.8-1.0 0.8-1.0 1.25 1.25 1.00 



Echinodermata 0.25±0.56 0.75±0.66 0.0-1.0 0.0-1.3 ∝ ∝ ∝ 



Other 1.00±0.00 1.21±0.25 1.0-1.0 1.0-1.5 0.0 1.5 ∝ 



 



3.1.3.4. Benthic Infaunal Assessment Conclusions 
The study site represents a unique slope habitat characterized by a thin veneer of coarse to fine 
sediments overlying consolidated substrate, which has been characterized as “borderland hard 
bottom” (Svedrup et al., 1942). Because of the predominately coarse and rocky nature of this 
habitat and the difficulty of sampling, the infaunal community associated with this habitat is 
largely unknown. Thus, this study provides a first look at a relatively diverse, but not abundant, 
community. Taxonomic analysis was difficult as many of the taxa collected are represented by 
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one to few individuals, tend to be small, and were often damaged by sample processing due to 
the gravel and rocks in the samples. There appear to be several new species collected during this 
study, which would require further effort to describe and characterize. 



There were essentially no significant differences between the Inner and Outer Ring community 
measures for the whole infaunal community, and only one of the five community measures was 
different for the community defined for just the 1.0 mm sieve fraction and none for the 0.5 sieve 
fraction. Thus, at the whole community level there is no indication of an effect from the target 
vessel. However, a further evaluation of the infaunal community, focused on each of the major 
phylogenetic groups, identified significant differences between the Inner and Outer Ring. That 
community differences might be expected was indicated by significant differences in grain size 
and TOC measures, which typically affect infaunal communities. There were no significant 
correlations with PCA factors that incorporated sediment chemistry. The infaunal community 
appears to have responded to these sediment differences resulting in there being more 
crustaceans and molluscs at the Outer Ring and fewer at the Inner Ring, but this was offset by 
there being more polychaetes (annelids) at the Inner Ring. Thus, some differences in the 
distribution and diversity of the major phylogenetic groups were evident. However, most of these 
differences were correlated with grain size and TOC gradients. While there were some 
significant differences for some of the major infaunal taxonomic groups, these differences appear 
to reflect differences in sediment measures between the Inner and Outer Rings. Whether these 
differences in sediment measures represent natural gradients of the study area, “reef effects”, 
impact disturbance, or some combination of these influences cannot be determined. 



3.2. Characterization of Exposure to COCs 
Characterization of Exposure to COCs is divided into the following three environmental 
compartments relevant to the SINKEX study: 



1. Deep Ocean Water Exposure 
2. Deep Ocean Sediment Exposure 
3. Deep Ocean Tissue Exposure 



Exposure is characterized primarily with the use of chemical concentrations of COCs in these 
three environmental compartments. 



3.2.1. Deep Ocean Water Exposure 
It was previously mentioned (Development of Conceptual Model and Analysis Plan) that the 
water column was thought to be of minor importance, relative to exposure pathways in this 
study. While the primary emphasis of deep ocean water exposure is on the chemical 
concentrations of COCs in water, there are two other aspects relating to the water column to 
consider: (1) the deep ocean currents and their role in transporting contaminants in particular 
directions, and (2) leaching mechanisms of PCBs in shipboard solids (evaluated in greater detail 
in a separate PCB leach rate study at SSC-SD). 



3.2.1.1. Measured currents and estimated transport 
This section summarizes current data collected in vicinity of the ex-AGERHOLM from 6 August 
1997 through 15 November 1999. This effort was undertaken to describe general water current 
speed and direction in the vicinity of the hulk. Information obtained for this study provides 
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insight into sediment and chemical distributions, and can be used to identify a potential 
contaminant footprint. Water current speed and direction were recorded at three locations near 
the ex-AGERHOLM on the outer rim of the Tanner Basin (Figure 2-18 and Figure 2-19). An RD 
instruments Acoustic Doppler Current Profiler (ADCP) was deployed twice. The first 
deployment, located approximately 400 m northeast of the ex-AGERHOLM at a depth of 855 m, 
recorded current speed and direction at two-meter intervals from 5 m above the seafloor to 64 m 
between August 6, 1997 and September 5, 1998. The second deployment, located approximately 
200 m southwest of the ex-AGERHOLM at a depth of 800 m, recorded current speed and 
direction at two-meter intervals from 5 m above the seafloor to 64 m between September 6, 1998 
and November 15, 1999. Finally, an InterOcean S4™ located 10 m from the near the starboard 
bow collected current speed and direction data from a depth of 780 m between August 17, 1998 
and April 5, 1999. 



Figure 3-22 depicts current speed data for all instruments and across all depths for the entire 
program. Typical of deep waters, current speeds are quite low, with the 99.6 percent of the 
bottom (S4™) measurements less than 15 cm/sec (0.3 knots). Bottom current speeds averaged 
3.26 cm/sec (0.06 knots, Table 3-14) with a maximum hourly average of 19.05 cm/sec (0.37 
knots). Current speeds tended to increase with distance from the bottom, as measured by the 
ADCP, averaging 7.89 cm/sec (0.15 knots) through the water column. Between 5 and 10 meters 
above the seafloor, all average hourly current measurements were below 20 cm/sec, with a 
maximum measured value of 97 cm/sec (1.88 knots) 41 m above the seafloor. This relatively 
high velocity is unique to the entire data. 



Table 3-14. Summary statistics for current speeds measured by ADCP and S4™ instruments. 



Instrument Depth Strata 
Mean Current 



Speed (cm/sec 
- knots) 



Minimum 
Hourly Speed 



(cm/sec) 



Maximum 
Hourly Speed 



(cm/sec) 



Number of 
Hourly 



Observations 
Standard 
Deviation 



ADCP 5 - 65 meters 
from seafloor 7.89 – 0.15 1.80 25.35 19693 3.42 



S4 1 meter from 
sea floor 3.26 – 0.06 0.11 19.05 4813 1.99 



 



Figure 3-23 and Figure 3-24 are representative frequency diagrams summarizing current 
direction measured through the water column (ADCP) and near the bottom (S4™), respectively, 
for four months in 1998. Currents measured away from the ex-AGERHOLM by the ADCP tend 
to favor a west-northwest and southeast direction of motion. A review of animated ADCP data 
supports this observation and suggests that the measured currents may be dominated by daily 
tidal cycles. Bottom current direction (Figure 3-24) measured next to the ex-AGERHOLM 
shows a much higher aggregation of westerly currents, when compared to measurements taken 
during the same time period, but some distance from the hulk. This pattern is distinct; however, 
it is mostly likely the result of extreme “shadowing” created by the physical presence of the ex-
AGERHOLM. 



In summary, bottom water currents are minimal and probably do not contribute to the large scale 
movement of sediments. Current direction appears to be dominated by daily tidal cycles. Due to 
the presence of very low energy bottom currents relative to the dynamics associated with 
sorption and settling that would cause deposition into the sediments after any release of dissolved 
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PCBs into the water column, any contaminants originating from the ex-AGERHOLM are not 
expected to differentially accumulate with directionality in the near hulk sediments. 



Figure 3-22. Frequency (percent) of measurements by current speed (cm/sec). ADCP data included 
measurements at all depth intervals. 



Figure 3-23. Typical frequency (percent) of measurements by current direction (8 cardinal points) by ADCP. 
Data depicted represent four months in 1998. Data included measurements at all depth intervals. 
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Figure 3-24. Typical frequency (percent) of measurements by current direction (8 cardinal points) by S4. 
Data depicted represent four months in 1998. Data included measurements at all depth intervals. 



3.2.1.2. Measured concentrations of COCs in water 
As discussed earlier in Section 2.4.2, release of PCBs from solid materials into the water column 
is expected to be very slow, but considered the only contaminant pathway through which 
contaminants are released from the ex-AGERHOLM and end up in the bottom sediments. The 
released PCBs are expected to be at measurable concentrations in their dissolved phase for a 
short time before some is transported away and diluted through advection and diffusion, while 
another fraction sorbs onto settling particulate matter and is deposited into the bottom sediment. 
Additionally, Section 2.4.2 explained that the water column is a very minor pathway for either 
ecological or human exposure. Consequently, the sampling plan was not designed to rigorously 
examine water concentrations of PCBs. Four replicate water column samples were obtained 
during the 1999 sampling period at Inner Ring Station 1-5/6/7 and four replicates at each of two 
Outer Ring stations (4-2, 4-5) utilizing a 6L Van Doran bottle activated remotely by the ROV. 
Samples were captured approximately one meter from the seafloor, recovered, and 2L sub-
samples were shipped to ADL/FIT for PCB and TOC analysis. None of the 26 PCB congeners 
investigated were detected (MDL range 0.1 to 0.43 µg/L; see Appendix E). TOC reported by FIT 
ranged from 1.9 to 2.8 mg/L. Salinity measured at Station 1-5/6/7 averaged 33.6 parts per 
thousand. 



3.2.1.3. Leaching Mechanisms of PCBs in Shipboard Solids 
Laboratory leaching experiments were conducted during the preparation of this report and are to 
be reported separately (George et. al., in preparation). These leaching experiments were 
performed with representative shipboard materials, under varying temperature and pressure 
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conditions simulating different ocean depths. Some speculation about leaching mechanisms 
pertinent to the deep ocean environment of SINKEX is warranted here for purposes of 
understanding the possible impact the deep-ocean environment may have on solid materials that 
contain PCBs. 



Possible effects of pressure on PCB leaching, are expected to be minor, but may include a) 
and/or b): 



a) A direct effect on PCB solubility. A slight solubility decrease, if any, is expected. 
This is being verified empirically in current laboratory studies. 



b) An effect during sinking if compressive forces inward change the seawater-accessible 
surface area of the shipboard solid such as loss of structural integrity during sinking 
or what might occur normally during leaching due to conditioning of the solid (e.g. 
degradation, dynamic wettability, etc.). This could also be related to localized inward 
pressure gradients within the solid matrix.  



The dominant effect of depth on leaching was expected to be a reduction in solubility due to 
temperature. Preliminary leaching measurements have shown that this effect results in 
approximately an order of magnitude reduction in leach rate upon decreasing the temperature 
from 25oC to 4oC (George et. al., in preparation). These results were used for updating the source 
loading input to the recently updated modeling study (See Section 2.3.3.6). Empirical leach rates 
were used with estimated PCB concentrations in shipboard solids thought to be onboard ex-
AGERHOLM (JJMA Report, 1998) to model the vessel PCB release during sinking and in the 
first 405 days subsequent to sinking.  



A smaller, secondary effect due to a hydrostatic pressure increase was considered possible, 
though unlikely. This effect was expected to be chemical in nature, manifested by a solubility 
decrease, rather than a physical transport of bulk/liquid undissolved PCBs. Leaching experiments 
under simulated deep-ocean conditions (cold/high pressure, 4oC /300bar) exhibited behaviors 
that appear to be largely insensitive to an increase in hydrostatic pressure. The observed leach 
rates were more dynamic initially, but result in leach rates very similar to those observed under 
simulated cold shallow-ocean conditions (cold/low pressure, 4oC /1bar) (George et. al., in 
preparation). These observations support the conclusion that temperature has a much larger 
effect than hydrostatic pressure on leaching behavior.  



Finally, it is useful to note that without a net pressure gradient from within the solid matrix 
outward, semi-solid or liquid (neat) PCBs (if such a phase is present in the shipboard solid) 
cannot be physically squeezed out of a shipboard solid matrix, even if it is very porous. Pressure-
induced transport of PCBs is only possible if a net pressure gradient outward could exist (similar 
to squeezing a liquid-filled sponge between two hands, resulting in liquid transport out of the 
material in a direction normal to the applied opposing forces). In the deep ocean, this type of 
behavior does not occur because there is a uniform hydrostatic pressure from all directions 
inward, resulting in no net pressure gradients out of the material. 8 



                                                 
8 From classical oceanography and centuries of observation it is well known that hydrostatic pressure in the deep 
ocean provides a known amount of uniform compression on the outside of an object, meaning, under deep ocean 
conditions, only zero or inward net pressure gradients exist. Liquids are generally not very compressible, and if a 
structurally stable solid has pores that are completely PCB-filled (no voids), they would be compressed uniformly, 
leading to little/no effect on leaching (i.e., incompressible liquid/solid behavior). If a void-containing solid under 
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3.2.2. Deep Ocean Sediment Exposure 
Evaluation of deep ocean sediment exposure proceeds in this report from PCBs, the primary 
COC, to the secondary COCs, which are PAHs and metals. Within the evaluation of PCBs, the 
main focus is on total PCBs, with supporting data (grouped with the secondary COCs) from PCB 
congeners, PCB Aroclors, and PCB core profiles. There is also a review of preliminary modeling 
estimates made in the 1994 study, which is then compared to the findings of this study. 



3.2.2.1. Measured concentrations of PCBs in sediment 
Total PCBs have historically been reported by a wide variety of calculations including 
summation of Aroclors, subsets of congeners, homologs and the sum of all 209 congeners. The 
EPA and USACE provide guidance for the determination of total PCBs in the publication 
“Evaluation of Dredge Material Proposed for Ocean Disposal, Testing Manual” commonly 
referred to as the Ocean Testing Manual or Green Book (USEPA/USACE, 1991). As discussed 
in Section 2.5.12, total PCBs in this study have been calculated in four ways (Table 3-15) to 
make the data broadly comparable to other studies. The least conservative measure (producing 
the lowest total concentration) is generated using Green Book criteria, since only 21 of 26 
congeners measured in this study are included and non-detected congeners are assigned zero 
concentrations. The most conservative measure for total PCBs includes all 26 congeners 
measured during the SINKEX program and assigns non-detected congeners a concentration of ½ 
the sample specific method detection limit (MDL). These two methods are employed throughout 
the remaining discussion. 



Figure 3-25 and Figure 3-26 graphically present total Green Book PCBs (21 congeners with non-
detected values assigned zero concentrations) and Grand Total PCBs (26 congeners with non-
detected values included as ½ the method detection limit). Figure 3-27 is a projection of total 
Green Book PCBs for the Inner Ring stations only. The highest Green Book total PCB 
concentration measured in sediment at the ex-AGERHOLM site was 9.8 µg/kg (Station 1-7). 
This value is 43% of the Effects Range-low (ERL) value of 22.7 µg/kg reported by Long et al., 
1995. “Effects range” values for various chemical contaminants have been developed by the 
National Oceanographic and Atmospheric Administration’s National Status and Trends Program 
(NOAA, NS&T) for use as informal interpretive tools in the absence of national sediment 
chemical criteria for estuarine environments for estuarine and marine environments. The ERL is 
the concentration of a chemical below which adverse biological effects are rarely realized. 
Alternatively, a higher benchmark,the Effects Range-median (ERM) is a chemical concentration, 
above which adverse biological effects frequently occur. There is some controversy as to the 
                                                                                                                                                             
compression is structurally unstable over time, it could rearrange or lose its integrity, leading to non-uniform 
pressure gradients within the material (i.e., localized gradients from one region/pore to another). It is possible that 
small pressure gradients such as these can cause localized PCB movement or PCB transport inward within the solid 
material as the solid matrix equilibrates with pressure (e.g. flow from outer PCB-filled pores into inner voids). If a 
net flow of PCBs to an internal leaching surface occurs, it is conceivable that the observed rate of PCB leaching 
could be enhanced slightly. However, if there is a solid integrity failure, decrease in the seawater-accessible surface 
area is also possible, effectively blocking seawater from reaching a previously accessible surface, and resulting in a 
subsequent leach rate decrease. Depending on the extent of these opposing effects, a small net leach rate increase or 
decrease could result. Unfortunately, in the absence of solid-specific seawater accessible surface areas and/or 
knowledge of their dynamic behavior as a function of time and/or leaching scenario (properties), it is not possible to 
quantify these contributions, though they are likely to be minor. And, as a result, changes in seawater accessible 
surface area is considered an integral component of any solid-specific leaching behavior (i.e., any variation in 
surface area is considered part of the unique leaching behavior specific to each type of solid). 
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relationship between these benchmark values and observed toxicity; however this ER-L/M 
approach tends to be commonly applied in the California coastal region. Additionally, several 
other benchmarks have been used and are displayed for comparison purposes: TEL (Threshold 
Effects Level) and PEL (Probable Effects Level) from FDEP (1994), and the AET (Apparent 
Effects Threshold) from Barrick et al., 1988. 



Table 3-15. Summary of total sediment PCBs. 



Analyte Ring n 
Mean 



(µg/kg) 
Minimum 
(µg/kg) 



Maximum 
(µg/kg) 



Standard 
Error CV 



Total PCB (Green Book 21, ND=0) 1 10 3.90 0.49 9.80 1.13 91 
 4 8 1.52 0.41 4.28 0.45 84 
 ALL 18 2.84 0.41 9.80 0.70 104 



Total PCB (Green Book 21, 
ND=0.5*MDL) 



1 10 4.46 1.05 10.50 1.12 79 



 4 8 1.82 0.69 4.60 0.45 70 
 ALL 18 3.29 0.69 10.50 0.72 92 



Total Congeners (26, ND=0) 1 10 4.88 0.62 13.55 1.41 91 
 4 8 1.75 0.56 4.48 0.46 74 
 ALL 18 3.48 0.56 13.55 0.87 106 



Total Congeners (26, ND=0.5*MDL) 1 10 5.54 1.36 14.25 1.38 79 
 4 8 2.07 0.87 4.85 0.46 63 
 ALL 18 4.00 0.87 14.25 0.88 93 



 



Figure 3-25. Total of 21 Green Book PCB Congeners measured at all SINKEX stations. 
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Figure 3-26. Total of 26 PCB Congeners measured at all SINKEX stations. One-half detection limit used 
when congener was not detected. 



 



Figure 3-27. Ring 1 Total Green Book PCBs (µg/kg dry weight). Station numbers in parentheses. 
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normalization/standardization procedures (log transformation, ratio of total PCB to percent total 
organic carbon, and the log of the ratio of total PCB to percent total organic carbon). If the 
distribution remained “non-normal,” a non-parametric hypothesis test was applied to the 
untransformed data. Table 3-16 presents the results of normality and Generalized Linear Model 
(GLM) hypothesis testing performed on both Green Book and Grand Total PCB sediment 
concentrations. A simple log transformation provided the best normal distribution for both types 
of PCB totals. Inter-ring comparisons of log normalized Green Book PCBs congeners did not 
disprove the null hypothesis and thus ex-AGERHOLM and reference areas were not significantly 
different at the 0.05 level (p=0.126). Similarly, inference testing of differences between Rings 1 
and 4 of Grand Total 26 PCB congeners proved insignificant at the p=0.05 level. The highest 
value measured for Total PCBs, based on a summation of 26 congeners, was found at Inner Ring 
station 1-7 (14.3 µg/kg dry weight) and is within the 0.8 to 25 µg/kg background range reported 
by Kennish (1992) for ocean sediments untainted by a point source of anthropogenic inputs. 



Table 3-16. Two-way comparison of SINKEX rings (1 and 4 and cruises 1998-1999). Values in bold provided 
best normalization of raw data (differences significant if p<0.05). 



 GLM Hypothesis Test Results Normality Test Results 



Total PCB 
Measurement 



Transformation 
Standardization 



Method 



Inter-Ring 
Comparison 
(different if 



<0.05) 



Inter-Cruise 
Comparison 
(different if 



<0.05) 



Ring-Cruise 
Interaction 



(important if 
<0.05) 



Shapiro-
Wilks Value 



Probability of 
Non-Normal 
Distribution 



(non-normal if 
<0.05) Distribution 



log 0.1259 0.5531 0.4299 0.9521 0.4588 Normal 
logtoc 0.1428 0.0310 0.1210 0.9512 0.4434 Normal 
none 0.1411 0.5965 0.6846 0.7521 0.0003 Non-Normal



Green Book 
PCBs (21) 



toc 0.0048 0.0022 0.0109 0.7263 0.0002 Non-Normal
log 0.0658 0.6857 0.2882 0.9518 0.4533 Normal 



logtoc 0.0922 0.0213 0.0537 0.9267 0.1699 Normal 
none 0.1070 0.6729 0.5724 0.7704 0.0006 Non-Normal



All Sinkex 
PCBs (26) 



toc 0.0009 0.0005 0.0017 0.6920 0.0001 Non-Normal



Values in bold provide best normalization of raw data. 



3.2.2.1.1. PCB Congener Concentrations 
Table 3-17 summarizes sediment PCB congener concentrations for Ring 1, Ring 4 and both rings 
combined (All). Congeners not detected during analysis were assigned a value of one half the 
sample specific MDL for the statistical presentation (most conservative). Sample specific method 
detection limits were very low, varying by sample and congener and ranging from 0.024 µg/kg 
(congener 206) to 0.47 µg/kg (congener 170). A discussion of detection limits can be found in 
Section 2.5.6.4. 



A total of 468 individual congener-station combinations (26 congeners × 18 stations) were 
examined (see Appendix F). Even considering the low levels of detection employed during this 
investigation, 142 measurements (30%) fell below sample specific MDLs. Six stations (1-5/6/7, 
1-6, 1-7, 4-1, 4-3.1) had individual congener concentrations greater than 1.0 µg/kg, with the 
highest single congener value detected at station 1-6 (209 decachlorobiphenyl, 2.6 µg/kg). 
Across all sediment stations, only nine of the 26 congeners (congener number 8, 87, 49,52, 118, 
153, 184, 206, 209) had concentrations greater than 1.0 µg/kg. Congeners 87 and 153 are 
moderate enzyme inducers (toxicity is inferred by mixed function oxidase enzyme induction) 
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prevalent in the environment. Congeners 49 and 52 are weak or non-mixed function oxidase 
inducers frequently found in the environment (McFarland and Clarke, 1989). The most toxic 
congeners, 77, 126, and 169 (those most likely to contribute to toxic effects as discussed in 
McFarland and Clarke, 1989) had sub-ppb mean values of 0.09 to 0.29 µg/kg in Inner Ring 
samples, and mean values of 0.06 to 0.13 µg/kg in Outer Ring samples. 



Table 3-17. Summary of 26 PCB congener concentrations in mg/kg dry weight for Ring 1, Ring 4 and all 
stations combined. Non-detected congeners processed as ½ MDL. Congeners used in calculating total Green 
Book PCBs are highlighted. 



Analyte Ring n 
Mean 



(μg/kg) 
Minimum 
(μg/kg) 



Maximum 
(μg/kg) 



Standard 
Error CV 



8 - 2,4'-Dichlorobiphenyl 1 10 0.21 0.02 1.6 0.15 227
 4 8 0.03 0.02 0.06 0 34
 ALL 18 0.13 0.02 1.6 0.09 274



18 - 2,2',5-Trichlorobiphenyl 1 10 0.12 0.02 0.17 0.01 33
 4 8 0.05 0.03 0.13 0.01 64
 ALL 18 0.09 0.02 0.17 0.01 56



28 - 2,4,4'-Trichlorobiphenyl 1 10 0.05 0 0.11 0.01 92
 4 8 0.04 0.01 0.04 0 33
 ALL 18 0.04 0 0.11 0.01 75



44 - 2,2',3,5'-Tetrachlorobiphenyl 1 10 0.15 0.02 0.87 0.08 171
 4 8 0.02 0.02 0.03 0 13
 ALL 18 0.09 0.02 0.87 0.05 214



49 - 2,2',4,5'-Tetrachlorobiphenyl 1 10 0.38 0.08 1.7 0.15 130
 4 8 0.08 0.03 0.36 0.04 149
 ALL 18 0.24 0.03 1.7 0.09 162



52 - 2,2',5,5'-Tetrachlorobiphenyl 1 10 0.22 0.03 1.4 0.14 191
 4 8 0.02 0.01 0.05 0 49
 ALL 18 0.13 0.01 1.4 0.08 243



66 - 2,3',4,4'-Tetrachlorobiphenyl 1 10 0.16 0.02 0.6 0.06 126
 4 8 0.07 0.02 0.15 0.02 69
 ALL 18 0.12 0.02 0.6 0.04 130



77 - 3,3',4,4'-Tetrachlorobiphenyl 1 10 0.29 0.03 0.99 0.12 124
 4 8 0.13 0.02 0.78 0.09 202
 ALL 18 0.22 0.02 0.99 0.08 147



87 - 2,2',3,4,5'-Pentachlorobiphenyl 1 10 0.2 0.02 1.2 0.12 184
 4 8 0.05 0.02 0.09 0.01 39
 ALL 18 0.14 0.02 1.2 0.07 207



101 - 2,2',4,5,5'-Pentachlorobiphenyl 1 10 0.17 0.03 0.8 0.07 134
 4 8 0.06 0.01 0.1 0.01 49
 ALL 18 0.12 0.01 0.8 0.04 145



105 - 2,3,3',4,4'-Pentachlorobiphenyl 1 10 0.13 0.03 0.57 0.05 123
 4 8 0.03 0.01 0.05 0 39
 ALL 18 0.09 0.01 0.57 0.03 149



118 - 2,3',4,4',5-Pentachlorobiphenyl 1 10 0.4 0.04 1.9 0.18 141
 4 8 0.09 0.04 0.13 0.01 39
 ALL 18 0.26 0.04 1.9 0.11 169



126 - 3,3',4,4',5-Pentachlorobiphenyl 1 10 0.12 0.04 0.31 0.02 62
 4 8 0.06 0.04 0.11 0.01 33
 ALL 18 0.09 0.04 0.31 0.02 69
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Analyte Ring n 
Mean 



(μg/kg) 
Minimum 
(μg/kg) 



Maximum 
(μg/kg) 



Standard 
Error CV 



128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 1 10 0.06 0.01 0.21 0.02 94
 4 8 0.03 0.01 0.05 0.01 55
 ALL 18 0.05 0.01 0.21 0.01 96



138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 1 10 0.37 0.04 1.4 0.15 125
 4 8 0.08 0.03 0.11 0.01 36
 ALL 18 0.24 0.03 1.4 0.09 154



153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 1 10 0.48 0.06 1.3 0.13 88
 4 8 0.14 0.07 0.21 0.02 36
 ALL 18 0.33 0.06 1.3 0.08 108



156 - 2,3,3',4,4',5-Hexachlorobiphenyl 1 10 0.11 0.05 0.23 0.01 43
 4 8 0.02 0.01 0.05 0.01 78
 ALL 18 0.07 0.01 0.23 0.01 82



169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 1 10 0.09 0.01 0.13 0.01 35
 4 8 0.08 0.04 0.12 0.01 32
 ALL 18 0.08 0.01 0.13 0.01 34



170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 1 10 0.09 0 0.2 0.03 92
 4 8 0.07 0.01 0.1 0.01 49
 ALL 18 0.08 0 0.2 0.01 79



180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 1 10 0.23 0.04 0.79 0.08 102
 4 8 0.09 0.02 0.25 0.03 93
 ALL 18 0.17 0.02 0.79 0.05 117



183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 1 10 0.11 0.01 0.25 0.03 77
 4 8 0.04 0.01 0.07 0.01 43
 ALL 18 0.08 0.01 0.25 0.02 92



184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 1 10 0.28 0.05 1.7 0.16 179
 4 8 0.06 0.02 0.22 0.02 105
 ALL 18 0.18 0.02 1.7 0.09 210



187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 1 10 0.21 0.02 0.72 0.07 103
 4 8 0.13 0.02 0.49 0.06 133
 ALL 18 0.17 0.02 0.72 0.05 113



195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 1 10 0.05 0.01 0.11 0.01 62
 4 8 0.02 0.01 0.04 0 32
 ALL 18 0.03 0.01 0.11 0.01 70



206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 1 10 0.32 0.02 1.5 0.15 147
 4 8 0.47 0.01 2.3 0.29 172
 ALL 18 0.38 0.01 2.3 0.15 162



209 - Decachlorobiphenyl 1 10 0.52 0.02 2.6 0.27 160
 4 8 0.12 0.01 0.47 0.05 129
 ALL 18 0.34 0.01 2.6 0.15 189



 



3.2.2.1.2. Aroclor PCB Concentrations 
Aroclors (trade name) were manufactured in the United States until 1978 by bulk chlorination, 
resulting in differing distributions of individual congeners, creating oils (Aroclor 1016, 1221, 
1232, 1248), viscous liquids (Aroclor 1254), sticky resins (Aroclor 1260 and 1262) and white 
powders (Aroclor 1268, 1270). The type of Aroclor is identified by the percentage of chlorine in 
a mixture of congeners. For example, Aroclors 1221 and 1268 are manufactured by chlorinating 
biphenyl to a final chlorine content of 21 and 68 percent, respectively (Kennish, 1992). Much of 
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the historic PCB literature lacks direct reporting of individual congeners and, as such, eight 
Aroclors (1221, 1232, 1242, 1248, 1254, 1260, 1262, 1268) were measured in this study to 
provide some level of historical perspective. Due to the extremely low concentrations of PCBs, 
only four Aroclors patterns could be identified in sediments at the ex-AGERHOLM site (1254, 
1260, 1262 and 1268). Ring summary statistics are provided in Table 3-18 and complete data can 
be found Appendix F. Figure 3-28 presents Aroclor concentrations (averaged by station). The 
highest average Aroclor concentration measured was Aroclor 1254 (31.3 µg/kg dry weight) and 
was only found at Station 1-7. Station 1-7 also had the highest concentrations of Aroclors 1260 
and 1262 (20.0 and 8.1 µg/kg dry weight, respectively), and total PCBs. Aroclor 1262 was 
identified at 1-4 (6.4 µg/kg dry weight). Aroclor 1268 was found at stations 1-6, 1-5/6/7, 1-3.5, 4 
1 and 4-3.1 (concentrations 15, 1.7, 3.3, 8.2, 3.8 µg/kg dry weight, respectively). 



The minimal number of uniquely identified Aroclors precludes rigorous statistical comparisons, 
however, individual Aroclors are reported in concentrations greater than total PCBs, based on 
congener analysis presented in Section 3.2.2.1.1 and are mostly likely the result of differing 
analytical methods, with Aroclor analysis begin considerably less precise than congener specific 
identification. Stations 1-6 and 1-7 are the only stations where more than a single Aroclor was 
identified (Figure 3-28). 



It should also be noted that SINKEX sediment Aroclors were estimated using different analytical 
techniques, gas chromatography electron capture device (GC-ECD) in the 1998 survey, and gas 
chromatography/mass spectroscopy selective ion monitoring (GC-SIM) methods in the 1999 
survey. The reporting of Aroclor data reported in this document includes measurements from 
both analytical methods and does not discriminate between the methods. Where duplicate 
measurements made, the resulting values were averaged and reported. Inter-method comparisons 
will be discussed in a subsequent report. 



Table 3-18. Summary of sediment Aroclor concentrations (µg/kg dry weight). 



Analyte Ring n 
Mean (µg/kg 
dry weight) 



Minimum 
(µg/kg dry 



weight) 



Maximum 
(µg/kg dry 



weight) 
Standard 



Error CV (%) 
Aroclor 1221 1,4 none found      
Aroclor 1232 1,4 none found      
Aroclor 1242 1,4 none found      
Aroclor 1248 1,4 none found      
Aroclor 1254 1 4 24.0 1.9 35.0 7.5 62.9 



 4 none found      
Aroclor 1260 1 2 20.0 15.0 25.0 5.0 35.4 



 4 none found      
Aroclor 1262 1 2 7.3 6.4 8.1 0.9 16.6 



 4 none found      
Aroclor 1268 1 3 6.7 1.7 15.0 4.2 108.9 
Aroclor 1268 4 2 6.0 3.8 8.2 2.2 51.9 
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Figure 3-28. Average Aroclor sediment concentrations. Data presented only for detected Aroclors. 



3.2.2.1.3. Core Sample PCB Concentrations 
Sediment core samples were processed from eight locations to assess vertical distribution of PCB 
compounds in subsurface sediments (see Appendix G). Five samples were analyzed from Ring 1 
and three samples from Ring 4. Cores were collected in 1998 (four from Ring 1) and 1999 (one 
from Ring 1, three from Ring 4). Core tubes were frozen in a vertical position and maintained 
vertically during transport to the laboratory. Cores were sectioned to a depth of approximately 10 
cm, and varied in slice thickness for samples taken between 1998 and 1999. One-centimeter 
slices were taken in 1998, whereas thickness ranged from 0.5 cm to 1 cm in 1999. It has already 
been suggested that the integrity of the geo-chronological record is questionable on the inner 
ring, most likely due to mixing throughout the sediment depths when the hulk hit the bottom. 



Vertical profiles of total PCBs are presented as a sum of 26 SINKEX congeners for the eight 
cores (Figure 3-29 and Figure 3-30). Total PCB concentrations for the top 3 cm of coincident 
surface grab samples and the average concentrations from the upper 3 cm of each core are also 
displayed. Deeper core segments (i.e., further from the sediment surface) had fewer detectable 
congeners. To avoid overstating total PCB estimates for these very old sediments, congeners not 
detected during analysis were assigned a value of zero for use in summation and subsequent data 
analysis and presentation. This was done. Sample specific method detection limits were typically 
very low during the program, varying by sample and congener and ranging from 0.017 µg/kg 
(congener 206) to 4.1 µg/kg (congeners 87 and 156). A discussion of detection limits can be 
found in Section 2.5.6.4. 
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A total of 2,522 individual congener-station-depth combinations were examined (26 congeners × 
8 cores × average of ~12 depth sections per core). Sums of the 26 congeners ranged from 1,860 
µg/kg at Station 1-5/6/7 in 1999 to non-detected (three sections from Station 1-2 and five 
sections from Station 1 6). Cores from only three stations (1-5/6/7, 1-7 and 4-2) had individual 
core congener concentrations greater than 1.0 µg/kg, with the highest single value detected at 
station 1-5/6/7 (138-2,2′,3,4,4′,5′-Hexachlorobiphenyl, 350 µg/kg). 



Two cores (1-5/6/7 and 1-7) contained total PCBs concentrations one to three orders of 
magnitude higher than the other six cores and 0-3 cm (depth) surface sediment composites taken 
from within the same box-cores (i.e., those from the same sampling locations). Only eight of the 
96 sections had total PCB concentrations at or above 10 µg/kg. These eight sections originate 
from Inner Ring Stations 1-5/6/7 and 1-7. Stations 1-5/6/7 and 1-7 are located near the starboard 
stern area of the ship and are close to a major break in the hull (Figure 2-18). This extremely 
large separation in the hulk structure provides an increased potential for exposure to PCB 
materials as well as other contaminants. 



It is interesting to note that within both Inner and Outer Ring samples, concentrations below 2.5 
cm typically exceed concentrations in the upper 0-2 cm of the core and in surface sediment 
samples (0-3 cm composite). Levels greater than 5 µg/kg were measured at multiple depths 
within the two higher concentration cores; eight sections from Station 1-5/6/7 and four from 
Station 1-7. It is reasonable to speculate that advective transport and subsequent reburial may 
have been the cause for these unusual results. 



There are no concurrent age-dating data available from Stations 1-5/6/7 and 1-7, hence a 
quantitative assessment of disturbance within the sediment is not known. There is evidence, both 
quantitative (age dating) and qualitative (observations from videotape), that the sinking of the ex-
AGERHOLM perturbed the sediments in the near vicinity of the ship. While this historic surface 
disturbance is very evident, the precise mechanism for mixing of PCBs within the top five to 
eight centimeters suggested by the data is not known. Age dating results with the highest degree 
of confidence describe settling rates ranging from 0.03-0.04 cm/year placing an age of material 
at one cm and below at greater than 25 years, and therefore not subject to direct influence from 
the ex-AGERHOLM. It is possible that the top layer of sediment adjacent to the impact site was 
blown off in some areas by the sinking ship’s hydraulic wake, rendering near hulk age dating 
analyses ineffective. This appears to be the case at Stations 1-2 and 1-8. Alternatively, PCBs-
ISM may also have dislodged from the ship and reached the sediment surface faster than the 
sediment suspended during the sinking. Small pieces of falling PCBs-ISM could have been 
covered by “older” sediments, thus creating an apparent age-dating discontinuity. Nevertheless, 
these possibilities do not explain the anomalous spikes of PCBs observed at the 7 and 10 cm 
depths (i.e., older than first use of PCBs in the world) on the Outer Ring at Station 4-2 (Figure 
3-30). One explanation is that there was sample contamination between sample collection and 
analysis. There are a couple of possible explanations for the horizontal transport from ship to 
reference site, albeit speculative without data. One would be that a piece of PCBs-ISM that broke 
off the floating or sinking ship, finally landing out on the reference ring (debris was observed 
some distance from the hulk). Another explanation is sediment transport caused by occasional, 
strong, bottom currents.  



Bioturbation may explain the presence of the higher concentrations of PCBs in sediment at 
depths that predate wide scale commercial production of these contaminants. However, benthic 
infaunal analysis indicates a minimally active deep burrowing community and does not appear to 
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support bioturbation as a primary mechanism for sediment mixing. The minimal extent of 
bioturbation in the area of the ex-AGERHOLM is confirmed by consistent age dating transitions 
at stations 4.3 and 4.3.1 (Section 3.1.2.2.2). 
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Figure 3-29. Vertical distribution of PCBs at Stations 1-2, 1-5/6/7, 1-6 and 1-8. 
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Figure 3-30. Vertical distribution of PCBs at Stations 1-7, 4-2, 4-3 and 4.3.1. 



In summary, the origins of high concentrations of PCBs found in lower layers of Stations 1-5/6/7 
and 1-7 are not known. It is unclear how the two high spikes of contamination at 2-3 cm below 
the surface, and several lesser spikes below 5 cm, could have originated from the ex-
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AGERHOLM, except as speculated above. Some kind of sediment perturbation is suggested, but 
cannot be explained by the study results. 



3.2.2.1.4. Sediment PCB Summary Comments 
Total PCB concentrations did not significantly differ between Inner and Outer Rings, and thus 
the established null hypothesis could not be disproved. To further evaluate sediment chemical 
evaluations, concentrations were compared to several guideline concentrations used in various 
sediment quality programs (Table 3-19). These were the ER-L (Effects Range-Low) and ER-M 
(Effects Range- Median) from Long and Morgan (1991) and Long et al. (1995), the TEL 
(Threshold Effects Level) and PEL (Probable Effects Level) from FDEP (1994), and the AET 
(Apparent Effects Threshold) from Barrick et al., 1988. The potential impact to sediment biota 
from possible toxic effects of chemicals was first evaluated by comparing Inner Ring sediment 
concentrations to the Outer Ring stations, where potential impact was assumed to be 
insignificant. If the comparison (GLM or Kruskal-Wallis analysis) indicated no significant 
difference between the Inner Ring and Outer Ring stations, then possible impact was considered 
insignificant. If the difference was statistically different (p<0.05), then the Inner Ring 
concentrations were compared to the most common low (ER-L) and intermediate (ER-M) effects 
levels. Several of the less common guidelines (TEL, PEL and AET) are also considered for 
additional points of comparison, but are not used in the decision matrix. 



Table 3-19. Sediment quality benchmark values (µg/kg dry weight). 



Chemical 
Name 



Threshold Effects 
Level (TEL) 



Effects Range 
Low (ERL) 



Effects Range 
Median (ERM) 



Probable Effects 
Level (PEL) 



Apparent Effects 
Threshold (AET) 



Total PCB 21.55 22.7 180 188.79 130 
Total PAH 1684.06 4022 44792 16770.4 N/A 
Cadmium 676 1200 9600 4210 3000 
Chromium 52300 81000 370000 160000 62000 



Copper 18700 34000 270000 108000 390000 
Lead 30240 46700 218000 112180 400000 



Mercury 130 150 710 696 410 
Nickel 15900 20900 51600 42800 110000 
Silver 730 1000 3700 1770 3100 
Zinc 124000 150000 410000 271000 410000 



 



The concentration of the sum of all 26 PCB congeners measured in this study averaged 4.0 
µg/kg, with a maximum of 14.3 µg/kg. Average Ring 1 and Ring 4 concentrations are below the 
ER-L of 22.7 µg/kg PCB (Long et al., 1995). Both the mean and maximum values are below the 
consensus based threshold effect concentration (TEC) of 48 µg/kg total PCB (dry wt.) developed 
by MacDonald et al. (2000) for marine and estuarine sediments. These TECs represent levels 
below which adverse effects are unlikely to occur, the lowest guideline used in the consensus 
estimates. 



3.2.2.2. Comparison Between Field Data and Modeling Estimates 
Figure 3-31 shows the sediment PCB concentration predictions from the modeling described 
previously (2.3.3.6), with an overlay of the actual PCB measurements made from samples 
collected at the reference stations and inner ring. Because the field measurements inherently 











 3-51



contain a historical accumulation of background PCBs, the concentrations for both ship and 
reference site are at least two orders of magnitude greater than their respective predicted levels, 
based on a PCB background of zero. If the model is accurate (it cannot be verified without 
performing a cost-prohibitive, prospective risk assessment), it is clear that the incremental 
sediment PCB loading from the AGERHOLM (i.e., that loading which is in addition to the 
background or reference condition/site) is insignificant relative to the background levels of PCBs 
found in sediments from both sites. 



Figure 3-31. Measured and predicted total PCB concentrations in sediment. 



3.2.2.3. Measured concentrations of PAHs in sediment 
In general, total PAH concentrations were low and somewhat uniformly distributed between 
stations, rings and years (see Appendix H). Summary statistics for total PAH based on 41 
compounds (total PAH41) and for the 16 EPA priority pollutant PAHs (total PAH16) are shown 
in Table 3-20. Total PAH41 ranged from 8.8 to 303.9 µg/kg for all samples. Results were 
extremely low (<50 µg/kg total PAH41) for all stations except 1-7, which showed inputs of 
weathered diesel and at the maximum concentration of 303.9 µg/kg (7.7% of the ERL value of 
4,022 µg/kg). The spatial distribution of total PAH is shown in Figure 3-32 and Figure 3-33. 



Inference testing was performed on the larger PAH set (PAH41), and on petrogenic and 
pyrogenic groups (discussed in Section 3.2.2.3.1) to determine potential sources. There were no 
significant differences (i.e., p>0.05) in total PAH41 between Ring 1 and Ring 4. Inference 
testing using a 2-way analysis of variance (ANOVA, under the GLM model) was performed 
using log-transformed and log (TOC) transformed data, as well as untransformed data. In 
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general, PAH data were log-normally distributed, and met test assumptions with normal 
distributions once transformed. Results from inference testing are summarized in Table 3-21. 



In addition to inference testing, Pearson correlations between PAH and physical characteristics 
commonly associated with PAH were performed. Again, no statistically meaningful relationships 
were found for total PAH41 and TOC, calcium carbonate (CaCO3) or grain size (percent fines, 
gravel, sand). 



Figure 3-32. Ring 1 total PAH (µg/kg dry weight). Station numbers in parentheses. 



 



Figure 3-33. Total PAH sediment concentrations (µg/kg dry weight). 
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3.2.2.3.1. Source identification of PAH 
In general, PAHs measured in SINKEX sediments are divided into two general categories - 
petrogenic and pyrogenic - based on their origin of formation. Petrogenic PAHs are derived from 
low temperature/high pressure processes occurring over geologic time frames. Petrogenic PAHs 
are found in fossil fuels, such as petroleum, petroleum products and coal. Pyrogenic PAHs are 
formed under medium to high temperature processes, such as combustion of fossil fuels or other 
carbon sources (e.g., forest fires). There are other origins of PAH, including perylene, which is 
naturally occurring or biogenic. 



Predominant petrogenic PAHs vary depending on the nature and type of petroleum product, but, 
typically include naphthalene, C1-C4 naphthalenes, acenaphthene, acenaphthylene, biphenyl, 
fluorene, C1-C3 fluorenes, phenanthrene, C1-C4 phenanthrenes, dibenzothiophene, C1-C4 
dibenzothiophenes, C1-C3 fluoranthenes/pyrenes, and the C1-C4 chrysenes and generally lower 
levels of the 5- and 6-ring PAHS. 



Pyrogenic PAHs distributions typically include fluoranthene, pyrene, benzo[a]anthracene, 
chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[e]pyrene, benzo[a]pyrene, 
indeno[1,2,3,-c,d]pyrene, dibenz[a,h]anthracene and benzo[g,h,i]perylene, but may also include 
parent 2- and 3-ring PAHs (e.g., naphthalene and phenanthrene). 



PAH distribution plots for SINKEX sediment samples were evaluated to determine the potential 
sources of PAHs present in these samples. Representative plots of predominately pyrogenic and 
petrogenic PAHs are shown in Figure 3-34 and Figure 3-35, respectively. Table 3-22 
summarizes total PAH information for each station by total concentration and probable source. 



Figure 3-34. Station 1-7 (1998) - Representative of petrogenic (weathered diesel) input. 
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Figure 3-35. Station 4-8 (1999) - Representative of pyrogenic PAHs. 



All sediment samples contained 4-, 5-, and 6-ring pyrogenic PAHs - benzo[b]fluoranthene, 
benzo[k]fluoranthene, benzo[e]pyrene, benzo[a]pyrene, indeno[1,2,3,-c,d]pyrene, 
dibenz[a,h]anthracene and benzo[g,h,i]perylene. The most likely source of contamination is from 
deposition of atmospheric dust or particles containing combustion-related PAHs. Nonetheless, 
the samples can be further separated into three sub-groupings based on overall PAH 
distributions. 



Group 1 - The sediment PAH distribution plots for Stations 1-2, 1-3, 1-4, 1-5, 1-6, 1-8, and 4-6 
have similar distributions. These plots show the presence of the pyrogenic PAHs from 
atmospheric deposition and trace concentrations of several common laboratory contaminants 
(e.g., naphthalene, C1-naphthalene). 



Group 2 - The sediment PAH distribution plots for Stations 1-5/6/7, 4-1, 4-2, 4-3, 4-3.1, 4-5 and 
4-6 have similar distributions that vary slightly from the above mentioned sample group. In 
addition to the pyrogenic PAHs from atmospheric deposition and common laboratory 
contaminants, these samples also contain trace levels of a petroleum product as indicated by the 
presence of additional petrogenic PAHs (e.g., C2-phenanthrene, C3-phananthrene, C1-
fluoranthenes/pyrenes, C2-fluoranthenes/pyrenes). Because petrogenic PAH distributions are 
consistent between samples, which were collected during the same survey, these samples may 
have been contaminated with low-level PAHs during sample collection and/or handling. 



Group 3 - Four sediment samples had unique PAH distribution plots. Station 1-1 contains a trace 
concentration of a mid-range fuel with mid-level sulfur content (not atmospheric) and 
combustion related PAHs from atmospheric deposition. Station 1-3.5 contains trace amounts of a 
diesel-range fuel with low sulfur content and combustion related PAHs from atmospheric 
deposition. Station 1-7 contains trace levels of weathered diesel-range fuel with high sulfur 
content (not atmospheric) and combustion related PAHs from atmospheric deposition; and 
Station 4-8 contains trace concentrations of a weathered heavy fuel and combustion related PAH 
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content from atmospheric deposition. Although concentrations in these samples are elevated 
relative to other SINKEX samples, they are too low (i.e., maximum of 300 ppb total PAH) to 
identify a definitive petroleum source. 



3.2.2.3.2. Sediment PAH Summary 
Total PAH41 concentrations did not significantly differ between Inner and Outer Rings and thus 
the established null hypothesis could not be disproved. PAH41 concentrations ranged from 8.8 to 
304 µg/kg, with only one station exceeding 50 µg/kg (Station 1-7). Most stations appear to 
contain pyrogenic products. Contamination at Station 1-7 indicates inputs of weathered diesel 
and, at the maximum concentration of 303.9 µg/kg, is 7.7% of the ERL value of 4,022 µg/kg, 
well below levels of concern. 



 
Table 3-20. Summary statistics for PAH. 



Analyte Ring N 
Mean 



(µg/kg) 
Min 



(µg/kg) 
Max 



(µg/kg) 
Range 
(µg/kg) 



Std Dev 
(µg/kg) 



CV 
(µg/kg) 



Petrogenic PAH ALL 18 31.53 4.65 292.65 288 65.69 208 
Petrogenic PAH 1 10 40.69 4.65 292.65 288 88.85 218 
Petrogenic PAH 4 8 20.08 7.63 30.83 23.2 7.71 38 
Pyrogenic PAH ALL 18 6.78 3.18 16.59 13.41 3.3 48 
Pyrogenic PAH 1 10 6.54 3.18 16.59 13.41 4.03 61 
Pyrogenic PAH 4 8 7.07 3.85 10.92 7.07 2.3 32 



Total PAH (41 compounds) ALL 18 39.97 8.8 303.87 295.07 66.83 167 
Total PAH (41 compounds) 1 10 48.62 8.8 303.87 295.07 90.35 185 
Total PAH (41 compounds) 4 8 29.17 14.1 41.23 27.13 10.47 35 
Total PAH (16 compounds) ALL 18 9.96 5.38 24.11 18.73 4.87 48 
Total PAH (16 compounds) 1 10 10.67 5.49 24.11 18.62 6.22 58 
Total PAH (16 compounds) 4 8 9.07 5.38 13.64 8.26 2.52 27 
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Table 3-21. Inference Testing: Probabilities (p) for GLM comparisons. 



 GLM Hypothesis Test Results Normality Test Results 



Total PCB 
Measurement 



Transformation 
Standardization 



Method 



Inter-Ring 
Comparison 
(different if 



<0.05) 



Inter-Cruise 
Comparison 
(different if 



<0.05) 



Ring-Cruise 
Interaction 



(important if 
<0.05) 



Shapiro-
Wilks Value 



Probability of 
Non-Normal 
Distribution 



(non-normal if 
<0.05) Distribution 



Log 
Concentration 0.77 0.57 0.48 0.81  



Non-Normal



Log (Con/TOC) 0.82 0.07 0.94 0.95 0.4973 Normal 
None 0.73 0.89 0.62 0.39  Non-Normal



Total PAH41 



TOC Standardized 0.71 0.63 0.75 0.56  Non-Normal
Log 



Concentration 
0.68 0.43 0.52 0.79  Non-Normal



Log (Con/TOC) 0.74 0.06 0.93 0.95 0.3870 Normal 
None 0.71 0.88 0.66 0.36  Non-Normal



Petrogenic 
PAH 



TOC Standardized 0.68 0.74 0.76 0.49  Non-Normal
Log 



Concentration 
0.65 0.99 0.32 0.96 0.6033 Normal 



Log (Con/TOC) 0.63 0.01 0.29 0.96  Normal 
None 0.75 0.98 0.29 0.89  Non-Normal



Pyrogenic 
PAH 



TOC Standardized 0.60 0.01 0.69 0.94  Normal 



Values in bold provide best normalization of raw data. 



 
Table 3-22. Summary of total PAH concentrations and PAH sources by sample. 



Station (Year) Total PAH (µg/kg) PAH Sources 



1-1 (1998) 48 trace concentration of a mid-range fuel with mid-level sulfur 
content and combustion related PAHs from atmospheric 



deposition 
1-2 (1998) 8.8 combustion related PAHs from atmospheric deposition and 



traces of common laboratory contaminants 
1-3 (1998) 15 combustion related PAHs from atmospheric deposition and 



traces of common laboratory contaminants 
1-4 (1998) 19 combustion related PAHs from atmospheric deposition and 



traces of common laboratory contaminants 
1-5 (1998) 12 combustion related PAHs from atmospheric deposition and 



traces of common laboratory contaminants 
1-6 (1998) 20 combustion related PAHs from atmospheric deposition and 



traces of common laboratory contaminants 
1-7 (1998) 300 weathered diesel range fuel with high sulfur content and 



combustion related PAHs from atmospheric deposition 
1-8 (1998) 14 combustion related PAHs from atmospheric deposition and 



traces of common laboratory contaminants 
4-6 (1998) 14 combustion related PAHs from atmospheric deposition and 



traces of common laboratory contaminants 
1-3.5 (1999) 27 trace concentration of a diesel range fuel with low sulfur content 



and combustion related PAHs from atmospheric deposition 
1-5/6/7 (1999) 20 combustion related PAHs from atmospheric deposition and 



traces of common laboratory contaminants with a potential trace 
contribution from a fuel product 
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Station (Year) Total PAH (µg/kg) PAH Sources 



4-1 (1999) 41 combustion related PAHs from atmospheric deposition and 
traces of common laboratory contaminants with a potential trace 



contribution from a fuel product 
4-2 (1999) 31 combustion related PAHs from atmospheric deposition and 



traces of common laboratory contaminants with a potential trace 
contribution from a fuel product 



4-3 (1999) 32 combustion related PAHs from atmospheric deposition and 
traces of common laboratory contaminants with a potential trace 



contribution from a fuel product 
4-3.1 (1999) 37 combustion related PAHs from atmospheric deposition and 



traces of common laboratory contaminants with a potential trace 
contribution from a fuel product 



4-5 (1999) 16 combustion related PAHs from atmospheric deposition and 
traces of common laboratory contaminants with a potential trace 



contribution from a fuel product 
4-6 (1999) 23 combustion related PAHs from atmospheric deposition and 



traces of common laboratory contaminants with a potential trace 
contribution from a fuel product 



4-8 (1999) 39 trace concentration of a weathered heavy fuel and combustion 
related PAHs from atmospheric deposition 



 



3.2.2.4.  Measured concentrations of metals in sediment 
Eighteen sediment samples distributed according to Figure 2-18 and Figure 2-19 were examined 
for ten metals. Eight of the metals (cadmium, chromium, copper, lead, mercury, nickel, silver 
and zinc) are contaminants of concern and the ship is considered a potential source of these 
metals. Two of the metals, aluminum and iron, were measured for use as a standardizing tool in 
data analysis. Patterns and ratios of association with iron and aluminum are well documented in 
estuarine and coastal environments and are useful in assessing whether the source of elements is 
crustal or anthropogenic and their potential for environmental impacts. Table 3-23 summarizes 
SINKEX sediment metal measurements. Data from published literature is provided in the last 
column, indicating that reference site (Ring 4) concentrations of four metals (Cd, Cr, Ni, Ag) 
were 1.5 times higher than typical marine sediments; three others (Al, Pb, and Hg) were lower 
while the last two (Cu and Zn) were approximately the same.  



Table 3-23. Summary statistics for ten metals in Ring 1, Ring 4 and all stations combined. 



ANALYTE SITE Units N Mean Minimum Maximum
Standard 



Error CV 
Average Marine 



Sediment9 



Aluminum ALL  18 1.6 0.4 2.5 0.12 30 7.2 
 1 % 10 1.5 0.4 2.1 0.17 37  
 4  8 1.8 1.3 2.5 0.13 19  



Cadmium ALL  18 1.71 0.28 7.00 0.44 109 0.17 
 1 μg/g 10 2.80 0.54 7.00 0.60 67  
 4  8 0.3 0.3 0.5 0.03 20  



                                                 
9 Wedepohl, K.H. 1995. The composition of the continental crust. Geochimica et Cosmochimica Acta. 79(7): 1217-
1232. 
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ANALYTE SITE Units N Mean Minimum Maximum
Standard 



Error CV 
Average Marine 



Sediment9 



Chromium ALL  18 150.1 87.9 231.0 11.21 31 72.0 
 1 μg/g 10 151.9 87.9 227.0 16.53 34  
 4  8 147.8 106.0 231.0 15.71 30  



Copper ALL  18 52.2 23.9 137.0 7.58 61 33.0 
 1 μg/g 10 71.0 32.4 137.0 10.29 45  
 4  8 28.7 23.9 33.9 1.02 10  



Iron ALL  18 3.50 1.20 5.90 0.30 40 4.10 
 1 % 10 3.00 1.20 5.90 0.50 54  
 4  8 4.00 2.90 5.60 0.30 20  



Lead ALL  18 7.0 1.8 24.3 1.34 81 19.0 
 1 μg/g 10 8.8 1.8 24.3 2.29 82  
 4  8 4.7 4.1 5.3 0.17 10  



Mercury ALL  18 0.052 0.028 0.107 0.004 33 0.190 
 1 μg/g 10 0.059 0.043 0.107 0.006 30  
 4  8 0.042 0.028 0.054 0.004 24  



Nickel ALL  18 58.8 23.9 215.0 11.18 80 19.0 
 1 μg/g 10 83.2 25.0 215.0 16.57 63  
 4  8 28.3 23.9 35.4 1.47 14  



Silver ALL  18 0.30 0.10 1.60 0.10 98 0.06 
 1 μg/g 10 0.50 0.20 1.60 0.10 78  
 4  8 0.20 0.10 0.20 0.00 19  



Zinc ALL  18 110.2 61.4 256.0 13.57 52 95.0 
 1 μg/g 10 139.4 77.2 256.0 20.22 45  
 4  8 73.7 61.4 85.2 2.68 10  



 
Complete tabular data is provided in Appendix I, a discussion of methods and QA/QC can be 
found in Section 2.5.6.5. 



3.2.2.4.1. Aluminum and Iron 
Aluminum concentrations averaged 1.6±0.5% for all stations with no significant difference in 
mean values between the Inner Ring (1.5% Al) and the Outer Ring (1.8% Al). These low Al 
values are somewhat higher (3.1±0.9%) when expressed on a carbonate-free basis. Nevertheless, 
all concentrations of Al in these sediments (even on a carbonate-free basis) are lower than 
typically found in marine sediments (7.2%). 



In sharp contrast with Al, concentrations of Fe are much higher, averaging 3.5±1.4% (non-
carbonate-free basis) and 6.5±2.5% on a carbonate-free basis. Such levels are more comparable, 
or even enriched, relative to typical marine sediments (4.1%). As a result, the Fe/Al ratio (Figure 
3-36) for sediment samples from this study average 2.1±0.6, about 4 times higher than in general 
marine sediments. 
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Figure 3-36. Concentrations of Al versus Fe for sediment samples from Ring 1 
(red triangles) and Ring 4 (blue circles), dotted lines are 95% predictive 
intervals (r2=0.60). 



As explained earlier in Section 3.1.2, concentrations of Al, Fe and trace metals in sediments vary 
as a function of mineralogy, but often co-vary with sediment grain size and organic carbon 
content. For example, most trace metals, as well as Al and Fe, are present at very low levels in 
quartz or carbonate sand. In contrast to concentrations of most trace metals, Al and Fe are much 
higher in fine-grained aluminosilicates (clays). Aluminum and Fe are rarely introduced by 
anthropogenic processes in amounts that affect the background percent levels in sediment, 
relative to the much lower part per million or billion levels for trace metals. Thus, Al and Fe 
often provide a valuable standardization tool that can reduce selected variables that control metal 
concentrations to just one. In the ideal case, a good linear correlation is observed between 
concentrations of a trace metal and Al or Fe. Because Fe and Al are relatively well correlated in 
the sediments collected for this study (Figure 3-36), either metal can be used in the 
standardization process discussed below. 



Measured concentrations of metals in sediments from Ring 1 were plotted against corresponding 
Al concentrations, as shown for Pb in Figure 3-37. Metals data from reference area sediments 
(Ring 4) were then plotted against Al using a linear regression equation and 95% prediction 
interval. In all cases, Ring 4 sediment data had a very limited range and thus each linear 
regression calculation was set to pass through the origin. Any positive deviations in 
concentrations of metals such as Pb, above the upper prediction limit, suggest the presence of 
anthropogenic inputs of that trace metal, most likely from the sunken vessel. The trends in Figure 
3-37, for example, suggest that sediments from sites 1-2, 1-4, 1-7 and 1-3-5 have discernible 
anthropogenic inputs of Pb. This approach was used to supplement the inference test results in 
assessing whether other metals appear to be elevated relative to crustal metal background levels. 
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Figure 3-37. Concentrations of Al versus Pb for sediment samples from Ring 1 
(red triangles) and Ring 4 (blue circles), dotted lines are 95% predictive 
intervals (r2=0.635). 



When appropriate, sediment quality criteria have been added to the metal/Al plots. Such criteria 
have been used extensively worldwide to assess possible adverse biological effects from trace 
metals and PAHs. Each of the trace metals investigated during this study has been assigned ERL 
and ERM concentrations by Long et al. (1995). All Pb values obtained for sediments from Ring 
4 (Figure 3-37) are below the ERL and adverse effects would rarely occur. 



3.2.2.4.2. Cadmium 
The mean concentration for cadmium at all stations was 1.71µg/g dry wt., with a maximum of 
7.0 µg/g (Station 1-7). Inner Ring data is shown in Figure 3-38 and all data are shown in Figure 
3-39. Inner Ring mean concentrations differed significantly from the Outer Ring means (Table 
3-24, log (concentration/TOC), p<0.0008). When the Cd data are plotted against Al, the 
enhanced levels of Cd are evident, with seven samples from Ring 1 having Cd values exceeding 
Ring 4 levels (Figure 3-40). 
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Figure 3-38. Ring 1 cadmium (µg/g dry weight). Station numbers in parentheses. 



 



Figure 3-39. Cadmium concentrations (µg/kg dry weight). 
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Figure 3-40. Concentrations of Al versus Cd for sediment samples from Ring 1 
(red triangles) and Ring 4 (blue circles), dotted lines are 95% predictive 
intervals (r2=0.791). 



The average Inner Ring concentration is above the TEL and ER-L levels of 0.676 and 1.2 µg/g 
(respectively), and below the ER-M level of 9.6 µg/g. The PEL level of 4.2 µg/g is between the 
mean and maximum values for the Inner Ring stations. Based on these comparisons, the 
concentration of cadmium in the Inner Ring sediments is above the threshold concentration of 
effects, but on average below the level of probable effects. 



3.2.2.4.3. Chromium 
The mean concentration for chromium at all stations was 150.1 µg/g, with a maximum 
concentration of 231 µg/g (Station 4-8). Ring 1 average concentrations do not significantly differ 
from Ring 4 mean values (151.9 and 147.8 µg/g respectively, p=0.2934). Aluminum shows a 
strong linear relationship to chromium (Figure 3-41). Such a relationship is consistent with the 
presence of a Cr-rich (>200 µg/g) aluminosilicate that is diluted with varying amounts of 
carbonate and organic matter. Inner Ring data is shown in Figure 3-42. 



Concentrations of Cr in quite a few SINKEX sediment samples, as well as the average 
concentration found in the continental crust (125 µg/g), exceed the value for the ERL (Figure 
3-43). Similar observations are regularly made for Cr, most likely because the database compiled 
by Long et al. (1995) used Cr concentrations from an acid leach of the sediment rather than a 
total digestion. Only a small fraction (<25%) of the total Cr is removed by a strong acid leach 
(Trefry and Presley, 1976; Sinex et al., 1980). Thus, a leachable Cr value equal to the ERL level 
of 82 µg/g is more likely comparable with a total Cr level of > 200 µg/g, a value considerably 
higher than Cr values for continental crust or any samples from this study. The ERL and ERM 
values for Cr may need to be revised in future iterations of these sediment quality guidelines. No 
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data points exceed the established ERM for chromium. Chromium values appear to be normal 
for this area. Spatial representation of Inner and Outer Ring data is shown in Figure 3-43. 



 



Figure 3-41. Concentrations of Al versus Cr for sediment samples from Ring 1 
(red triangles) and Ring 4 (blue circles), dotted lines are 95% predictive 
intervals (r2=0.475). 



 



Figure 3-42. Ring 1 chromium (µg/g dry weight). Station numbers in parentheses. 
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Figure 3-43. Chromium concentrations (µg/kg dry weight). 



3.2.2.4.4. Copper 
The mean concentration for copper at all stations was 52.2 µg/g, with a maximum concentration 
of 137 µg/g (Station 1-7). Inner Ring average concentrations are significantly higher than Ring 4 
mean values, 71.0 and 33.9 µg/g respectively (Table 3-24, p<0.0007). All Inner Ring stations, 
with the exception of 1-4 exceed the 95% predictive interval pictured in Figure 3-44, indicating 
an anthropogenic source. The mean concentration is above both the TEL and ER-L levels of 18.7 
and 34.0 µg/g (respectively), and below the ER-M level of 270 µg/g. The PEL level of 108.2 
µg/g is between the mean and maximum values for the Inner Ring stations. Based on these 
comparisons, the concentration of copper in the Inner Ring sediments is above the threshold 
concentration of effects, but on average below the level of probable effects. Inner Ring data is 
shown in Figure 3-45. Spatial representation of the all data is shown in Figure 3-46. 
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Figure 3-44. Concentrations of Al versus Cu for sediment samples from Ring 1 
(red triangles) and Ring 4 (blue circles), dotted lines are 95% predictive interval 
(r2=0.823). 



 



Figure 3-45. Ring 1 copper (µg/g dry weight). Station numbers in parentheses. 
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Figure 3-46. Copper concentrations (µg/g dry weight) in Ring 4. 



3.2.2.4.5. Lead 
The mean concentration for lead at all stations was 7.0 µg/g dry wt., with a maximum 
concentration of 24.3 µg/g (Station 1-3.5). Inner Ring average concentrations are not 
significantly higher than Ring 4 mean values, 8.8 and 4.7 µg/g respectively (Table 3-24, 
log(concentration/TOC), p>0.6536). The mean and maximum concentrations are also below the 
TEL and ER-L levels of 30.2 and 46.7 µg/g dry wt., respectively. The trends in Figure 3-37, 
suggest that sediments from sites 1-2, 1-4, 1-7 and 1-3-5 have discernible anthropogenic inputs 
of Pb above what would be predicted by the data from sediments from Ring 4. Inner Ring data is 
shown in Figure 3-47. Spatial representation of all data is shown in Figure 3-48. 
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Figure 3-47. Ring 1 lead (µg/g dry weight). Station numbers in parentheses. 



 



Figure 3-48. Lead concentrations (µg/kg dry weight). 



3.2.2.4.6. Mercury 
The mean concentration for mercury at all stations was 0.052 µg/g with a maximum 
concentration of 0.107 µg/g (Station 1-3). Inner Ring average concentrations do not significantly 
differ than Ring 4 mean values, 0.059 and 0.042 µg/g respectively (Table 3-24, TOC 
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standardized p=0.0875). Six Inner Ring stations lie outside the 95% predictive interval depicted 
in Figure 3-49, indicating possible anthropogenic contamination. The mean and maximum 
concentrations, however, are below the TEL and ER-L levels of 0.13 and 0.15µg/g dry wt. 
(respectively). Inner Ring data is shown in Figure 3-50. Spatial representation of all data is 
shown in Figure 3-51. 



 



Figure 3-49. Concentrations of Al versus Hg for sediment samples from Ring 1 
(red triangles) and Ring 4 (blue circles), dotted lines are 95% predictive 
intervals (r2=0.832). 



Figure 3-50. Ring 1 mercury (µg/g dry weight). Station numbers in parentheses. 
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Figure 3-51. Mercury concentrations (µg/kg dry weight). 



3.2.2.4.7. Nickel 
The mean concentration for nickel at all stations was 58.8µg/g dry wt., with a maximum 
concentration of 215 µg/g (Station 1-3). Inner Ring average concentrations are higher than Ring 
4 mean values, 83.2 and 28.3 µg/g respectively, and the difference is significant10 (Kruskal-
Wallis analysis p=0.003, Table 3-24). Eight Inner Ring stations lie outside the 95% predictive 
interval depicted in Figure 3-52, indicating possible anthropogenic contamination. The mean 
concentration is above the TEL and ER-L levels of 15.9 and 20.9µg/g dry wt., respectively. This 
concentration is greater than the ER-M (51.6 µg/g) and the PEL (42.8 µg/g). The mean Inner 
Ring value is, however, below the AET concentration (110 µg/g dry wt). Based on these 
comparisons, the concentration of nickel in the Inner Ring sediments is slightly above the level 
of probable effects, but below the AET threshold for effects. Inner Ring data is shown in Figure 
3-53. Spatial representation of all data is shown in Figure 3-54. 



 



                                                 
10 As explained in Methods section, when a distribution is best normalized by a rank transformation, statistical 
significance is determined using the p-value for the Kruskal-Wallis test rather than the p-value associated with the 
rank transformation.  
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Figure 3-52. Concentrations of Al versus Ni for sediment samples from Ring 1 
(red triangles) and Ring 4 (blue circles), dotted lines are 95% predictive interval 
(r2=0.678). 



 



Figure 3-53. Ring 1 nickel (µg/g dry weight). Station numbers in parentheses. 
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Figure 3-54. Nickel concentrations (µg/kg dry weight). 



3.2.2.4.8. Silver 
The mean concentration for silver at all stations was 0.3 µg/g, with a maximum concentration of 
1.6 µg/g (Station 1-3). Inner Ring mean concentrations are significantly greater than Outer Ring 
means (Table 3-24, p<0.0001). Nine Inner Ring stations lie outside the 95% predictive interval 
depicted in Figure 3-55, indicating possible anthropogenic contamination. The mean Inner Ring 
concentration is below the TEL and ER-L levels of 0.73 and 1.0 µg/g dry wt., respectively. The 
maximum of 1.6 µg/g is above the TEL and ER-L concentrations, but below the ER-M level of 
3.7 µg/g. and the PEL level of 1.77 µg/g. Inner Ring data is shown in Figure 3-56. Spatial 
representation of the all data is shown in Figure 3-57. 
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Figure 3-55. Concentrations of Al versus Ag for sediment samples from Ring 1 
(red triangles) and Ring 4 (blue circles), dotted lines are 95% predictive 
intervals (r2=0.839). 



 



Figure 3-56. Ring 1 silver (µg/g dry weight). Station numbers in parentheses. 
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Figure 3-57. Silver concentrations (µg/kg dry weight). 



3.2.2.4.9. Zinc 
The mean concentration for zinc at all stations was 110.2 µg/g, with a maximum concentration of 
256 µg/g (Station 1-4). The average Inner Ring concentration was not significantly greater than 
the mean Outer Ring value of 73.71 µg/g (log(concentration/TOC), p=0.1643). Seven Inner Ring 
stations lie outside the 95% predictive interval depicted in Figure 3-58 indicating possible 
anthropogenic contamination. The Inner Ring mean concentration is between the TEL of 124 
µg/g and the ER-L of 150 µg/g. The maximum of 256 µg/g is below the PEL and ER-M 
concentrations of 271 and 410 µg/g, respectively. Inner Ring data is presented in Figure 3-59. 
Spatial representation of all data is shown in Figure 3-60. 
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Figure 3-58. Concentrations of Al versus Zn for sediment samples from Ring 1 
(red triangles) and Ring 4 (blue circles), dotted lines are 95% predictive 
intervals (r2=0.708). 



 



Figure 3-59. Ring 1 zinc (µg/g dry weight). Station numbers in parentheses. 
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Figure 3-60. Zinc concentrations (µg/kg dry weight). 



3.2.2.4.10. Sediment Metal Summary 
Eight metals considered secondary chemicals of concern were evaluated for sediment 
concentration and statistical comparisons were made between Inner and Outer Rings. Cadmium, 
copper, nickel and silver were found to be significantly (p≤.05) elevated at the Inner Ring. 
Average Inner Ring sediment concentrations for cadmium and copper were greater than the ERL 
and less than the ERM. Inner and Outer Ring mean concentrations for silver were below the 
ERL. The Inner Ring mean sediment concentration for nickel exceeded its ERM value. 



As discussed earlier in greater detail in Section 2.3.1.3.1 (Source Characterization of Metals), 
sunken vessels provide a large reservoir of metals that could be potentially available to the 
environment, through slow leaching processes. One previous study of trace metals in metal 
pieces and paint from the ex-WILLIAM C. LAWE (Trefry and Trocine, 1998) determined 
concentrations of Ag, Cd, Cr, Cu, Hg, Ni, Pb, Sn and Zn in 34 different pieces of metal and Cr, 
Cu, Hg, Pb and Zn in 10 different samples of paint. For example, the results show that 
concentrations of Cr, Cu and Zn can exceed 100,000 µg/g in some pieces of sampled metal, 
while concentrations of Ni and Pb can exceed 20,000 µg/g. Each of these extreme levels 
approaches concentrations that are more than 1000 times greater than found in typical marine 
sediments. In samples of paint, concentrations of Zn, Pb and Hg were typically about 30,000; 
5,000 and 0.5 µg/g, respectively. Thus, data from these ship components can be used to discuss 
specific sources for metal enrichment found in the sediment. 



TEL



PEL



AET











 3-76



Despite the presence of such a large reservoir of metal, the results of this study show that very 
limited release of metals from the ship has occurred. The most contaminated sample of sediment 
is enriched in Cu and Ni by about 100 and 200 µg/g (a factor of 4-5), respectively, relative to 
local, natural sediments; yet the potential for increased metal levels could be many times greater 
when one considers the magnitude of the source loading. This observation certainly suggests that 
the rates of release of metals from the ship by dissolution, abrasion and other physical and 
biological processes are relatively slow. 



Table 3-24. Two-way comparison of SINKEX rings (1 and 4 and cruises 1998-1999). Values in bold within 
shaded row provide best normalization of raw data (differences significant if p<0.05, noted in bold, same row 
unless normalization was through non-parametric rank correlation – noted in Kruskal-Wallis column). 



Analyte 



Transformation 
Standardization 



Method 
Inter-Ring 



Comparison* 
Inter-Cruise 



Comparison*
Ring-Cruise 
Interaction**



Shapiro-
Wilks 
Value 



Probability 
of Non-
Normal 



Distribution† 



Probability 
Kruskal-
Wallis* Distribution 



Log Conc. 0.7558 0.6780 0.3407 0.9174 0.0000  Non-Normal
None 0.5103 0.6036 0.1443 0.9438 0.3359 0.3064 Normal 
Rank 0.9647 0.2998 0.3312 0.9595 0.5923  Normal 



TOC Standardized 0.6763 0.0282 0.5983 0.9440 0.3389  Normal 
Aluminum 



Log (Conc/TOC) 0.4622 0.0657 0.7511 0.9081 0.0795  Normal 
Log Conc. 0.0000 0.5035 0.4604 0.8385 0.0000  Non-Normal



None 0.0348 0.8599 0.8058 0.7841 0.0009 0.0004 Non-Normal
Rank 0.0001 0.3760 0.2307 0.9569 0.5427  Normal 



TOC Standardized 0.0360 0.2119 0.2884 0.5567 0.0000  Non-Normal
Cadmium 



Log (Conc/TOC) 0.0008 0.1104 0.9536 0.9060 0.0733  Normal 
Log Conc. 0.1920 0.4138 0.3868 0.6751 0.0000  Non-Normal



None 0.4159 0.3238 0.7463 0.8907 0.0396 0.8940 Non-Normal
Rank 0.4556 0.2284 0.6137 0.9614 0.6294  Normal 



TOC Standardized 0.2934 0.0051 0.4535 0.9419 0.3118  Normal 
Chromium 



Log (Conc/TOC) 0.7092 0.0150 0.5706 0.9012 0.0604  Normal 
Log Conc. 0.0159 0.4842 0.3080 0.5341 0.0000  Non-Normal



None 0.0267 0.9487 0.9461 0.8110 0.0022 0.0006 Non-Normal
Rank 0.0007 0.8246 0.6735 0.9614 0.6294  Normal 



TOC Standardized 0.0020 0.0027 0.0247 0.6793 0.0000  Non-Normal
Copper 



Log (Conc/TOC) 0.0074 0.0038 0.1657 0.8341 0.0048  Non-Normal
Log Conc. 0.9088 0.4098 0.5013 0.9273 0.0001  Non-Normal



None 0.7171 0.3092 0.7683 0.9382 0.2696 0.1684 Normal 
Rank 0.8565 0.2550 0.5491 0.9614 0.6294  Normal 



TOC Standardized 0.9412 0.0190 0.8459 0.9455 0.3595  Normal 
Iron 



Log (Conc/TOC) 0.5706 0.0565 0.7476 0.8827 0.0290  Non-Normal
Log Conc. 0.0332 0.9889 0.2002 0.6955 0.0000  Non-Normal



None 0.1623 0.5370 0.4284 0.6791 0.0000 0.4487 Non-Normal
Rank 0.9831 0.4474 0.6383 0.9576 0.5556  Normal 



TOC Standardized 0.1205 0.0931 0.1880 0.5983 0.0000  Non-Normal
Lead 



Log (Conc/TOC) 0.6536 0.1912 0.5105 0.9670 0.7389  Normal 
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Analyte 



Transformation 
Standardization 



Method 
Inter-Ring 



Comparison* 
Inter-Cruise 



Comparison*
Ring-Cruise 
Interaction**



Shapiro-
Wilks 
Value 



Probability 
of Non-
Normal 



Distribution† 



Probability 
Kruskal-
Wallis* Distribution 



Log Conc. 0.5502 0.9467 0.9496 0.8092 0.0000  Non-Normal
None 0.1265 0.7591 0.1937 0.8176 0.0027 0.0259 Non-Normal
Rank 0.0909 0.5381 0.0640 0.9582 0.5664  Normal 



TOC Standardized 0.0875 0.0012 0.4643 0.9491 0.4104  Normal 
Mercury 



Log (Conc/TOC) 0.1840 0.0028 0.8206 0.9319 0.2099  Normal 
Log Conc. 0.0364 0.7980 0.4990 0.4862 0.0000  Non-Normal



None 0.1418 0.4608 0.6557 0.7206 0.0001 0.0029 Non-Normal
Rank 0.0708 0.0470 0.7909 0.9614 0.6294  Normal 



TOC Standardized 0.0234 0.0521 0.1354 0.4564 0.0000  Non-Normal
Nickel 



Log (Conc/TOC) 0.0065 0.0390 0.3665 0.7051 0.0001  Non-Normal
Log Conc. 0.0204 0.8792 0.4898 0.9085 0.0000  Non-Normal



None 0.1733 0.5621 0.3631 0.6438 0.0000 0.0004 Non-Normal
Rank 0.0001 0.8692 0.0437 0.9563 0.5315  Normal 



TOC Standardized 0.0002 0.0016 0.5011 0.8417 0.0063  Non-Normal
Silver 



Log (Conc/TOC) 0.0000 0.0000 0.0630 0.8927 0.0429  Non-Normal
Log Conc. 0.0918 0.9381 0.5849 0.6004 0.0000  Non-Normal



None 0.1916 0.2818 0.4927 0.7334 0.0002 0.0016 Non-Normal
Rank 0.0386 0.0386 0.6682 0.9607 0.6149  Normal 



TOC Standardized 0.0915 0.0372 0.3059 0.8704 0.0181  Non-Normal
Zinc 



Log (Conc/TOC) 0.1643 0.0310 0.4238 0.9607 0.6151  Normal 



*different if <0.05 
**important if <0.05 
***log of sediment concentration divided by fractional TOC 
† non-normal if <0.05 
Values in bold provide best normalization of raw data and indication of significance. 



3.2.2.4.11. Acid-Volatile Sulfide/Simultaneously Extracted Metals 
The underlying principle for this technique, which was developed for use in shallow coastal 
waters, is to use simultaneously extracted metals (SEM in µmoles/g) minus acid volatile sulfides 
(AVS µmoles/g) as an interpretative tool. In those instances where the value for SEM-AVS is 
negative, the amount of sulfide exceeds the total amount of metal and thus these metals should 
be bound in the sediments as a sulfide phase and not bioavailable (i.e. non-toxic). When the 
SEM-AVS value is positive, acid-leachable metals are present in the sediment in other than a 
sulfide phase and presumably bioavailable. The original use of AVS-SEM was to determine if 
metals present in sediment were bound by sulfide phases and therefore unavailable to the biota. 
The AVS/SEM technique is less meaningful in oxic sediments or where sediment AVS levels are 
less than 1 µmole/g (DiToro et al., 1990). 



Concentrations of AVS and SEM were determined for 18 samples of surficial sediment (0 to 3 
cm) collected during the 1998 and 1999 cruses. Analyses for SEM included the following 
metals: Cd, Cu, Ni, Pb, and Zn (Table 3-25). Concentrations of Fe were measured in the SEM 
solution to investigate possible leaching of Fe oxides, even though Fe is not included in the total 
SEM value. SEM-AVS values were positive for all sediments examined. Concentrations of AVS 
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were relatively low ranging from 0.0002 to 0.230 µmole/g. See also Appendix D for further 
information. 



Low values are typical for oxidized surficial sediments and would be expected at sediment 
accumulation rates observed in the study area (approximately 0.03 cm/y). Reduced sulfur (i.e., 
AVS) does not form unless the sediments have been subjected to sulfate reduction; an 
observation not commonly observed in the top few centimeters of sediment from open ocean 
areas. Concentrations of SEM metals (Cd + Cu + Ni + Pb + Zn) released by the 1 N HCl 
treatment ranged from 0.389 to 9.737 µmole/g, considerably higher than the values for AVS. 
Values of SEM-AVS were all positive ranging from 0.089 to 9.527 µmoles/g. Under oxic 
conditions, SEM is most likely associated with iron oxides. Analysis of this important metal 
revealed a sizeable amount of Fe with the 1N HCl treatment. The SEM metals are most likely 
associated with this iron component and would not dissolve into solution, even at pH levels as 
low as 3. Such resistance to dissolution should help keep the SEM biologically unavailable, and 
thus non-toxic (Trefry and Metz, 1984). 



Table 3-25. Summary of ASV/SEM sediment analysis. 



Analyte Site n Mean (µg/kg)
Minimum 
(µg/kg) 



maximum 
(µg/kg) 



Standard 
Error CV 



Cadmium All 10 0.771 0.000 7.600 0.759 311.216 
 1 9 0.857 0.010 7.600 0.843 295.186 
 4 1 0.000 0.000 0.000   



Copper All 18 0.539 0.014 1.690 0.125 97.941 
 1 10 0.882 0.082 1.690 0.136 48.626 
 4 8 0.111 0.014 0.740 0.090 228.084 



Iron All 9 0.522 0.220 0.810 0.063 36.203 
 1 2 0.435 0.330 0.540 0.105 34.136 
 4 7 0.547 0.220 0.810 0.076 36.883 



Lead All 18 0.043 0.010 0.092 0.006 58.833 
 1 10 0.032 0.010 0.092 0.008 78.324 
 4 8 0.057 0.020 0.073 0.007 32.975 



Nickel All 18 0.268 0.030 0.540 0.036 56.172 
 1 10 0.314 0.030 0.510 0.048 48.514 
 4 8 0.212 0.126 0.540 0.049 64.824 



Zinc All 18 2.599 0.207 7.290 0.560 91.366 
 1 10 4.065 0.382 7.290 0.665 51.703 
 4 8 0.767 0.207 3.370 0.373 137.566 



AVS All 18 0.117 0.000 0.400 0.031 111.945 
 1 10 0.048 0.000 0.230 0.029 191.320 
 4 8 0.204 0.001 0.400 0.044 61.165 



SEM All 18 3.879 0.389 9.737 0.761 83.210 
 1 10 6.063 0.648 9.737 0.785 40.916 
 4 8 1.148 0.389 4.670 0.505 124.497 



SEM-AVS All 18 3.762 0.089 9.527 0.781 88.119 
 1 10 6.016 0.418 9.527 0.792 41.612 
 4 8 0.944 0.089 4.670 0.536 160.482 
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3.2.3. Deep Ocean Tissue Exposure: measured concentrations of COCs in 
bioaccumulation studies 



Efforts were made during several cruises to capture epibenthic infauna, but too few specimens 
were collected to quantitatively measure field bioaccumulation of PCBs in tissue. Consequently, 
this section presents results from bioaccumulation studies that compared tissue residue 
concentrations of PCOCs and SCOCs in surrogate test organisms exposed to Inner and Outer 
Ring sediments. Tissues of the bentnose clam Macoma nasuta and the polychaete worm Nephtys 
caecoides were chemically analyzed following 28-day laboratory exposures to surface sediments 
collected from each of nine near-ship stations (Ring 1) and five reference stations (Ring 4) in 
1998 and 1999. The PCOCs and SCOCs known to bioaccumulate in food webs were examined: 
mercury, PCB and PAHs. Bioaccumulation data also are presented for cadmium, chromium, 
copper, lead, nickel, silver and zinc, which in general, can bioaccumulate but do not biomagnify 
in higher trophic levels. An overview of sediment and tissue relationships is presented in Section 
3.2.3.1. Bioaccumulation of PCBs, PAHs and metals is discussed in Sections 4.2, 4.3 and 4.4, 
respectively. All chemical concentrations are reported on a dry weight basis. Where analytes 
were reliably detected at concentrations below the method detection limit (SINKEX “J” qualified 
data), reported laboratory concentrations were considered valid and used in subsequent statistical 
analyses. Dry weight tissue results are presented in Appendices M-O. 



3.2.3.1. Introduction to bioaccumulation studies involving bentnose clam and 
polychaete worms 



Evaluation of chemical bioaccumulation in clams and worms relies primarily on statistical 
comparisons of replicated station results. As was the case in the evaluation of sediment chemical 
data, stations within a common ring are considered replicates. Therefore, bioaccumulation data 
are compared between background Outer Ring #4 (5 stations) and ex-AGERHOLM Inner Ring 
#1 (9 stations), with the objective of discerning environmental perturbations as a result of 
SINKEX activities. 



As explained in great detail earlier, Polychlorinated biphenyls (PCBs) were emphasized as the 
primary chemical of concern, since they are known ship-born contaminants because of their 
association with PCBs in solid materials. Polynuclear aromatic hydrocarbons (PAHs) were 
considered important indicators of hydrocarbon contamination sources, measured in sediments 
and potentially linked to the sunken ship because of their association with fuels and oils. Heavy 
and trace metals were measured in sediments and potentially linked to the sunken ship because 
of the fact that the ship is made of metal. Previously discussed in the Methods section, logistical 
considerations required separate field sampling and subsequent sediment processing into three 
distinct time periods: September 1998 (Cruise II), September 1999 (Cruise IV) and November 
1999 (Cruise V). Bioaccumulation testing is used to evaluate uptake of contaminants by the 
population of organisms. However, condition and size of the test organisms, and season of 
testing may potentially influence the uptake of contaminants (Kennish 1992, Phillips 1986).Steps 
were taken to minimize the influence of testing over time, including controlling organism source, 
size and condition. However, since the bioaccumulation species examined were collected from 
the “wild”, absolute test parity was not always possible and, as a result, special attention was 
given to control tissue (taken from test organisms exposed to native sediments) concentrations in 
the following report sections. 
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There are different ways to interpret bioaccumulation data, including the following: 1) an 
estimate of direct uptake from sediment into the test organism (surrogate); and 2) a predictive 
measure of transfer across trophic levels. When evaluating direct uptake from sediment (as in 
this study), tissue concentrations can be compared to various criteria that usually are established 
on a wet or dry weight basis, so data must be converted if they are reported in dissimilar units. In 
general, if tissue data are used to estimate the amount of contaminant in the test organism as a 
food source, then wet weight concentrations are generally used, as they represent the unadjusted 
concentration per mass of prey. Dry weight tissue concentrations are often used when comparing 
data across species or studies. In this study, summary statistics for bioaccumulation data are 
presented on a dry weight basis, to provide consistency with raw data presented in the 
appendices as reported by the laboratories, and to compare with several dry-weight values 
reported in the literature. Comparisons between Ring 1 and Ring 4 tissue concentrations are 
made using several standardization/normalization techniques including dry weight, dry-lipid 
weight basis following guidance from the US Army Corps of Engineers (McFarland, 1995) and 
log transforms of each. Moisture in the test clam tissue ranged from 83.1-90.44% with a mean of 
88.8%; and dry weight lipids ranged from 3.4-10.7%, with a mean concentration of 6.0%. 
Moisture in the test worm tissue ranged from 81.7-87.4% with a mean of 83.7%; and dry weight 
lipids ranged from 4.9-12.8%, with a mean concentration of 9.5%. Data were also compared to 
concentrations reported by the NOAA National Status Program (also referred to as Mussel 
Watch program) for nearshore southern California mussel collection sites located external to 
bays and estuaries (NOAA, 1991). Four sites (Point Loma Light House, Point La Jolla, 
Oceanside Beach Jetty, and Santa Catalina Island Bird Rock) were chosen based on their 
location in relatively clean (i.e., light to non-industrial pollution sources) ocean areas. The sites 
chosen are believed to possess the largest number of routinely monitored tissue samples in 
Southern California and have the lowest concentrations of COCs, when compared to the other 
four local mussel watch sites. Therefore, these four sites are considered to be “clean local sites” 
for comparative purposes. These data comparisons are for general perspective, and are not used 
in hypothesis testing. 



3.2.3.2. Overview of associations and correlations among variables 
Chemical concentrations in clam and worm tissues were generally very low, as a function of 
chemical type, sample location and physical features of the exposure sediment. A Pearson’s 
Correlation statistical test was used to examine relationships between sediment and tissue 
concentrations for PCB21 (21 Green Book, 0 for non-detected congeners), PCB21MDL (21 
Green Book using ½ MDL for non-detected congeners), PCB26 (26 PCB congeners, 0 for non-
detected congeners), PCB26MDL (26 PCB congeners, ½ MDL for non-detected congeners), 
high and low molecular weight PAHs, PAH16 (16 Green Book compounds), and PAH41 (sum of 
all PAH compounds examined). Original and lipid-standardized tissue concentrations for total 
PCBs and PAHs did not significantly correlate with untransformed sediment concentrations, 
TOC-normalized sediment concentrations or grain size, suggesting that neither COC 
concentrations nor sediment physical features influence the direct uptake of these chlorinated 
compounds or PAHs in biota (Table 3-26). 



Sediment-tissue associations between eight metals (Cd, Cr, Cu, Hg, Pb, Ni, Ag, Zn) were 
similarly independent of the influence of sediment physical parameters. Only cadmium (clam 
tissue) showed significant correlation between tissue and TOC-standardized sediment 
concentrations (bold values in Table 3-27). 
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Table 3-26. Correlation results for organic COC concentrations in lipid-standardized tissue vs. TOC and 
fines standardized sediment - all data combined (n=16). 



Species Transform Statistic 



Low 
Molecular 



Weight PAH 



High 
Molecular 



Weight PAH 
Total PAH 



(Green Book) 
Total PAH (41 
compounds)



r 0.41253 0.1594 0.28756 0.25193 
p 0.1123  0.5554 0.2802 0.3466 None 



r2<.5, p≤0.05     
r 0.31686 -0.44233 -0.19544 -0.06171 
p 0.2318 0.0862 0.4682 0.8204 Standardized 



(lipid & TOC) r2<.5, p≤0.05     
r 0.16808 -0.14915 -0.09577 -0.10700 
p 0.5338 0.5814 0.7242 0.6933 



Macoma 



Standardized 
(lipid & fines) r2<.5, p≤0.05     



r -0.19635 -0.33011 -0.29699 -0.22342 
p 0.4661 0.2118 0.2640 0.4055 None 



r2<.5, p≤0.05     
r -0.20105 -0.43531 -0.32853 -0.30040 
p 0.4553 0.0919 0.2141 0.2583 Standardized 



(lipid & TOC) r2<.5, p≤0.05     
r -0.07112 -0.15343 -0.13048 -0.16323 
p 0.7935 0.5705 0.6301 0.5458 



Nephtys 



Standardized 
(lipid & fines) r2<.5, p≤0.05     



Species Transform Statistic 



Total PCB 
(Green Book, 



0 for ND) 



Total PCB (all 
congeners, 0 



for ND) 



Total PCB 
(Green Book, 



½ MDL for 
ND) 



Total PCB (all 
congeners, ½ 
MDL for ND) 



r -0.40264 -0.40706 -0.32842 -0.27292 
p 0.1221 0.1176 0.2143 0.3064 None 



r2<.5, p≤0.05     
r -0.14091 -0.16690 -0.12282 -0.11247 
p 0.6027 0.5367 0.6504 0.6784 Standardized 



(lipid & TOC) r2<.5, p≤0.05     
r 0.13252 0.08729 0.37743 0.37096 
p 0.6247 0.7479 0.1495 0.1572 



Macoma 



Standardized 
(lipid & fines) r2<.5, p≤0.05     



r -0.17433 -0.14056 -0.05895 -0.02884 
p 0.5185 0.6036 0.8283 0.9155 None 



r2<.5, p≤0.05     
r -0.29641 -0.27009 -0.27630 -0.25626 
p 0.2650 0.3117 0.3003 0.3381 Standardized 



(lipid & TOC) r2<.5, p≤0.05     
r -0.23710 -0.23353 -0.22377 -0.22439 
p 0.3766 0.3840 0.4048 0.4034 



Nephtys 



Standardized 
(lipid & fines) r2<.5, p≤0.05     



Bold=significant positive correlation at p<0.05. 
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Table 3-27. Correlation results for metal COC concentrations in lipid-standardized tissue vs. TOC and fines standardized sediment - all data combined 
(n=15). 



Species Transform Statistic Cadmium Chromium Copper Mercury Lead Nickel Silver Zinc 
r 0.25401 0.62015 0.25098 0.40014 0.21357 0.30855 0.40477 0.01016 
p 0.3610 0.0136 0.3669 0.1394 0.4447 0.2632 0.1345 0.9713 None 



r2>.5 and p≤0.05         
r 0.71521 -0.05369 0.55376 -0.68323 -0.05852 0.09561 0.10522 0.63824 
p 0.0027 0.8493 0.0322 0.0050 0.8359 0.7346 0.7090 0.0105 Standardized (lipid 



& TOC) r2>.5 and p≤0.05 Yes        
r 0.45836 0.21359 0.28034 -0.41946 -0.06077 0.12555 -0.13263 0.44065 
p 0.0857 0.4447 0.3115 0.1196 0.8297 0.6557 0.6375 0.1002 



Macoma 



Standardized (lipid 
& fines) r2>.5 and p≤0.05         



r 0.18804 0.03196 0.03799 0.34508 0.28971 0.14810 -0.12601 -0.07508 
p 0.5021 0.9100 0.8931 0.2078 0.2949 0.5984 0.6545 0.7903 None 



r2>.5 and p≤0.05         
r 0.34347 -0.14128 0.61819 -0.38713 -0.02289 -0.17678 0.64352 0.01327 
p 0.2101 0.6155 0.0140 0.1540 0.9355 0.5285 0.0096 0.9626 Standardized (lipid 



& TOC) r2>.5 and ≤0.05         
r 0.18975 0.21627 0.35805 0.03982 0.08158 0.08370 0.25684 -0.01891 
p 0.4982 0.4388 0.1901 0.8879 0.7726 0.7668 0.3555 0.9467 



Nephtys 



Standardized (lipid 
& fines) r2>.5 and p≤0.05         



Bold=significant positive correlation at p<0.05. 
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3.2.3.3. PCBs in Tissue  
Results reported for total PCBs bioaccumulated depend largely on the analytical method and 
number of congeners analyzed. Total PCB has relied on several calculations, including the 
summation of Aroclors, subsets of congeners, homologs and the sum of all 209 congeners. Total 
Green Book PCBs represent the sum of 21 specific PCB congeners, with non-detected congeners 
given a value of zero. Table 3-28 summarizes the four different ways in which total PCBs were 
calculated. The least conservative measure in Table 3-28 (producing the lowest total 
concentration) is generated using Green Book criteria (PCB21), since only 21 of 26 measured 
congeners are included, and non-detected congeners are excluded. The most conservative 
measure for total PCBs includes all 26 congeners (PCB26MDL) measured during the SINKEX 
program and assigns a concentration of ½ the sample specific method detection limit (MDL) to 
non-detect congeners. 



Post-test Macoma and Nephtys tissue concentrations (see Appendix J) were similar, averaging 
20.85 µg/kg and 25.38 µg/kg total Green Book PCBs, respectively. These data are within the 
range of average concentrations reported by the NOAA National Status Program for nearshore 
southern California mussel collection sites located in relatively clean (i.e., light to non-industrial) 
areas (12.27 µg/kg Santa Catalina Island, 26.74 µg/kg Oceanside Breakwater). Figure 3-61 and 
Figure 3-62 present PCB21 and PCB26 MDL for the two species examined. Station 1-8 had the 
highest measured PCB21 concentrations measured for both Macoma and Nephtys, at 39.38 µg/kg 
and 136.68 µg/kg, respectively. Apparent in both figures is the impression that, with the 
exception of Station 1-8, there is little difference in total PCB concentration between Ring 1 and 
Ring 4. 



Figure 3-63 and Figure 3-64 compare Macoma and Nephtys tissue concentrations from source 
material (Zero Time and Control) for each of the 26 PCB congeners examined. Data are 
presented for each of the three testing events and correspond to sediments collected during 
Cruises II, IV and V. Background concentrations (Zero Time) of several congeners are apparent 
in both test species, and generally appear to increase slightly during the 28-day exposure period 
with the uncontaminated control sediment. Increases in PCB congener concentrations during the 
testing procedure suggest two possible PCB contamination sources: 1) from the flow-thru 
seawater system, or 2) in the test control sediments. Congener concentrations in control 
sediments ranged from below detection limits to 0.14 µg/kg (PCB-44, Cruise IV) and 0.16 µg/kg 
(PCB-28, Cruise V), with the sum of all 26 congeners totaling less than 1.0 µg/kg for both 
control sets (Cruise II control sediments were not examined). These results suggest minimal PCB 
contribution from control sediments, at least for the sediments collected from the Outer Ring. 
Flowing seawater used during the test procedure is the most probable contamination source to 
control tissues. However, since control tissue concentrations are consistently less than test tissue 
concentrations and are assumed to impose uniform bias in their overall test distribution, they are 
not considered significant in the following statistical comparisons. 
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Table 3-28. Summary of total tissue PCBs in bentnose clam Macoma nasuta and the polychaete worm Nephtys 
caecoides. 



Species Analyte Ring n 
Mean 



(µg/kg) 
Minimum 
(µg/kg) 



Maximum 
(µg/kg) 



Standar
d Error CV 



Maximum 
Station 



1 9 16.81 10.25 39.38 3.05 54.47 1-8 (1998) 
4 5 28.15 17.09 37.31 3.28 26.01 4-2 (1999) 



Total PCB 
(Green Book 21, ND=0) 



All 14 20.86 10.25 39.38 2.67 47.91 1-8 (1998) 
1 9 35.22 21.86 53.03 3.36 28.59 1-8 (1998) 
4 5 37.41 32.67 42.64 2.00 11.93 4-6 (1998) 



Total PCB 
(Green Book 21, 
ND=0.5*MDL) All 14 36.00 21.86 53.03 2.23 23.19 1-8 (1998) 



1 9 20.39 13.63 45.94 3.42 50.29 1-8 (1998) 
4 5 30.05 21.45 39.59 2.93 21.82 4-2 (1999) 



Total Congeners 
(26, ND=0) 



All 14 23.84 13.63 45.94 2.69 42.16 1-8 (1998) 
1 9 41.08 23.93 59.59 3.96 28.95 1-8 (1998) 
4 5 40.76 35.03 49.10 2.66 14.59 4-6 (1998) 



Macoma 



Total Congeners 
(26, ND=0.5*MDL) 



All 14 40.96 23.93 59.59 2.64 24.16 1-8 (1998) 
1 9 29.43 9.51 136.68 13.56 138.19 1-8 (1998) 
4 5 18.10 14.42 24.92 1.79 22.08 4-3.1 (1999)



Total PCB  
(Green Book 21, ND=0) 



All 14 25.38 9.51 136.68 8.68 127.93 1-8 (1998) 
1 9 43.24 15.48 144.83 13.06 90.64 1-8 (1998) 
4 5 22.60 16.57 31.66 2.78 27.49 4-6 (1998) 



Total PCB 
(Green Book 21, 
ND=0.5*MDL) All 14 35.87 15.48 144.83 8.71 90.87 1-8 (1998) 



1 9 34.99 12.15 160.78 15.90 136.34 1-8 (1998) 
4 5 20.15 15.61 27.05 1.91 21.16 4-3.1 (1999)



Total Congeners 
(26, ND=0) 



All 14 29.69 12.15 160.78 10.21 128.73 1-8 (1998) 
1 9 50.47 16.63 170.23 15.42 91.64 1-8 (1998) 
4 5 25.16 18.15 37.11 3.45 30.68 4-6 (1998) 



Nephtys 



Total Congeners 
(26, ND=0.5*MDL) 



All 14 41.43 16.63 170.23 10.33 93.27 1-8 (1998) 



CV= coefficient of variation 
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Figure 3-61. PCB21 (Green Book) and PCB26MDL (Grand Total) congeners measured in 
Macoma nasuta tissues (µg/kg dry weight). 



 



Figure 3-62. PCB21 (Green Book) and PCB26MDL (Grand Total) congeners measured in 
Nephtys caecoides tissues (µg/kg dry weight). 
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Figure 3-63. Comparison of Macoma tissue PCB congener distributions between zero time (initial) and 
control (28-day exposure) (µg/kg dry weight). 
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Figure 3-64. Comparison of Nephtys tissue PCB congener distributions between zero time (initial) and 
control (28-day exposure) (µg/kg dry weight). 
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prior to hypothesis testing. Non-normal distributions were subjected to three normalization/ 
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standardization procedures (log transformation, ratio of total PCB to fractional lipid content, and 
the log of the ratio of total PCB to fractional lipid content). If the distribution remained “non-
normal,” a non-parametric hypothesis test was applied to the untransformed data. Table 3-29 and 
Table 3-30 present the results of normality and the 2-way ANOVA testing performed on PCB21 
and PCB26MDL measured in Macoma and Nephtys tissues. 



The distribution of PCB concentrations for Macoma proved to be normal (Shapiro-Wilks p value 
> 0.05). Inter-Ring comparisons of PCB21 did not disprove the null hypothesis, and thus the ex-
AGERHOLM and reference areas are not significantly different at the 0.05 level (p=0.316). 
Similarly, inference testing of differences between Rings 1 and 4 of PCB26MDL proved 
insignificant at the p=0.05 level (p=0.178). The highest concentration measured for PCB26MDL, 
was found at Inner-Ring station 1-8 (59.59 µg/kg). The second highest concentration occurred at 
Outer-Ring station 4-6, at 49.10 µg/kg. 



Normality testing of Nephtys PCB totals indicates that Inner and Outer Ring tissue 
concentrations are non-normally distributed (Shapiro-Wilks, p<0.05). Additionally, log, lipid and 
log-lipid transformations failed to normalize the distributions, dictating the use of the non-
parametric Kruskal-Wallis hypothesis test. Table 3-30 highlights the Kruskal-Wallis test on rank 
transformed data (raw rankings=“Rank”). Inner-Ring comparisons of PCB21 did not disprove the 
null hypothesis, and thus, ex-AGERHOLM and reference areas are not significantly different at 
the 0.05 level. Mirroring the Macoma results, the highest Nephtys tissue concentration measured 
for PCB26MDL was found at Inner-Ring station 1-8 (170.23 µg/kg). Also tracking Macoma results, 
the second highest concentration occurred at Outer-Ring Station 4-6, at 37.11 µg/kg. 



 



Table 3-29. Two-way comparison of SINKEX Rings (1 and 4, cruises 1998-1999) for Macoma tissue PCBs. 



GLM Hypothesis Test Results Normality Test Results 



Total PCB 
Measurement 



Transformation 
Standardization 



Method 



Inner-Ring 
Comparison 
(different if 



<0.05) 



Inter-Cruise 
Comparison 
(different if 



<0.05) 



Ring-Cruise 
Interaction 



(important if 
<0.05) 



Shapiro-
Wilks Value



Probability of 
Non-Normal 
Distribution 



(non-normal if 
<0.05) Distribution 



Lipid 0.2523 0.0845 0.4177 0.8623 0.0328 Non-Normal
Log Concentration 0.2743 0.2546 0.4815 0.9216 0.2321 Normal 



Log Lipid 0.2622 0.0826 0.7859 0.9102 0.1589 Normal 
None 0.3164 0.2989 0.3401 0.8869 0.0730 Normal 



PCB21 



Rank 0.5060 0.1912 0.5902 0.9645 0.7964 Normal 
Lipid 0.2641 0.5948 0.8391 0.9505 0.5686 Normal 



Log Concentration 0.1035 0.0457 0.3874 0.9622 0.7592 Normal 
Log Lipid 0.2585 0.7164 0.9158 0.8972 0.1027 Normal 



None 0.1784 0.0635 0.5475 0.9832 0.9891 Normal 
PCB26MDL 



Rank 0.1822 0.0460 0.8054 0.9645 0.7964 Normal 
 
Table 3-30. Two-way comparison of SINKEX Rings (1 and 4, cruises 1998-1999) for Nephtys Tissue PCBs. 



GLM Hypothesis Test Results Normality Test Results 



Total PCB 
Measurement 



Transformation 
Standardization 



Method 



Inner-Ring 
Comparison 
(different if 



<0.05) 



Inter-Cruise 
Comparison 
(different if 



<0.05) 



Ring-Cruise 
Interaction 



(important if 
<0.05) 



Shapiro-Wilks 
Value 



Probability of 
Non-Normal 
Distribution 



(non-normal if 
<0.05) Distribution 
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Lipid 0.7513 0.6781 0.6073 0.6266 0.0001 Non-Normal
Log Concentration 0.8886 0.7404 0.6236 0.7575 0.0016 Non-Normal



Log Lipid 0.9021 0.6933 0.5435 0.8495 0.0219 Non-Normal
None 0.8728 0.7661 0.7139 0.4449 0.0000 Non-Normal



PCB21 



Rank 0.4646 0.6988 0.3867 0.9645 0.7964 Normal 
Lipid 0.6396 0.3022 0.5478 0.7479 0.0012 Non-Normal



Log Concentration 0.9180 0.0777 0.5625 0.8657 0.0365 Non-Normal
Log Lipid 0.8165 0.1198 0.5230 0.8409 0.0167 Non-Normal



None 0.8483 0.4083 0.7144 0.5613 0.0000 Non-Normal
PCB26MDL 



Rank 0.6536 0.0129 0.4187 0.9645 0.7964 Normal 



Values in bold provide best normalization of raw data. 



3.2.3.4. PCB Congeners 
Table 3-31 and Table 3-32 summarize Macoma and Nephtys tissue PCB congener concentrations 
for Ring 1, Ring 4 and both rings combined (All). Congeners not detected during analysis were 
assigned a value of one half the sample specific MDL. Sample-specific MDLs were very low, 
varying by species, sample and congener, ranging from 0.043 µg/kg (congener 49) to 35.0 µg/kg 
(congener 138) for Macoma, and 0.15 µg/kg (congener 49) to 31.0 µg/kg (congener 138) for 
Nephtys. Tissue method detection limits were higher than those for associated sediments due to 
the smaller amounts of the tissue samples. A discussion of detection limits is presented in 
Section 2.5.6.4. 



A total of 728 individual congener-station combinations (26 congeners x 14 stations x 2 species) 
were examined. Even considering the low detection limits achieved during this investigation, 292 
measurements (40%) fell below sample specific MDLs. Across all bioaccumulation stations, 
only eleven of the 26 congeners analyzed (congeners 44, 49, 52, 77, 87, 101, 105, 118, 138, 153, 
209) had concentrations detected greater than 5.0 µg/kg. Individual congener tissue 
concentrations for Macoma exceeded 5.0 µg/kg at 4 station stations (1-8, 4-1, 4-2, 4-5), with the 
highest values detected at stations 1-8 (congener 153 or 2,2′,4,4′,5,5′-Hexachloropiphenyl - 6.2 
µg/kg) and 4-2 (congener 77 or 3,3′,4,4′-Tetrachloro-biphenyl - 6.1 µg/kg). Nephtys exceeded 
5.0 µg/kg at only one station (1-8), with the highest values detected of 29.0 µg/kg for congener 
101 (i.e., 2,2′,4,5,5′-Pentachloropiphenyl). 



Fourteen of the 209 PCB congeners, as defined by the World Health Organization (WHO, 1997) 
commonly termed “co-planar” or "dioxin-like" congeners, are suspected to exert toxicity similar 
to dioxins and furans (congeners 77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169, 170, 180, 
189). Eight environmentally common co-planar congeners were examined in the tissues of 
Macoma and Nephtys (congeners 77, 105, 118, 126, 156, 169, 170, 180). Only four co-planar 
congeners were detected at concentrations above 5.0 µg/kg. Congener 77 was measured in 
Macoma at reference stations 4-1 and 4-2 (5.1 and 6.1 µg/kg, respectively); and also in Macoma, 
congener 118 was measured at 5.6 µg/kg. Of all Inner-Ring stations, only Station 1-8 had “co-
planar” congeners elevated above 5.0 µg/kg (congener 105 at 11.0 µg/kg and congener 118 at 26 
µg/kg). 



Table 3-31. Summary statistics for 26 PCB congener concentrations in Macoma nasuta for Ring 1, Ring 4 and 
all stations combined (mg/kg). 



Analyte Ring n Mean 
(μg/kg) 



Minimum 
(μg/kg) 



Maximum 
(μg/kg) 



Standard 
Error CV Maximum 



Station 
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Analyte Ring n Mean 
(μg/kg) 



Minimum 
(μg/kg) 



Maximum 
(μg/kg) 



Standard 
Error CV Maximum 



Station 
1 9 1.07 0.55 1.40 0.10 28.94 1-4 (1998) 
4 5 0.82 0.65 1.35 0.13 36.23 4-6 (1998) 8 - 2,4'-Dichlorobiphenyl 



ALL 14 0.98 0.55 1.40 0.09 32.54 1-4 (1998) 
1 9 1.31 0.24 1.85 0.20 45.60 1-4 (1998) 
4 5 0.72 0.44 1.80 0.27 84.45 4-6 (1998) 18 - 2,2',5-Trichlorobiphenyl 



ALL 14 1.10 0.24 1.85 0.17 58.92 1-4 (1998) 
1 9 0.67 0.18 1.65 0.20 88.05 1-7 (1998) 
4 5 1.29 0.54 2.10 0.25 43.69 4-2 (1999) 28 - 2,4,4'-Trichlorobiphenyl 



ALL 14 0.89 0.18 2.10 0.17 71.59 4-2 (1999) 
1 9 0.88 0.40 1.40 0.14 46.85 1-5 (1998) 
4 5 1.52 1.45 1.60 0.03 3.75 4-1 (1999) 44 - 2,2',3,5'-



Tetrachlorobiphenyl ALL 14 1.11 0.40 1.60 0.12 40.92 4-1 (1999) 
1 9 1.30 0.48 1.90 0.14 33.15 1-8 (1998) 
4 5 1.11 0.78 1.90 0.21 42.34 4-6 (1998) 49 - 2,2',4,5'-



Tetrachlorobiphenyl ALL 14 1.23 0.48 1.90 0.12 35.45 1-8 (1998) 
1 9 1.62 1.00 2.80 0.23 42.24 1-8 (1998) 
4 5 1.41 1.20 1.80 0.12 19.49 4-6 (1998) 52 - 2,2',5,5'-



Tetrachlorobiphenyl ALL 14 1.55 1.00 2.80 0.15 36.77 1-8 (1998) 
1 9 0.81 0.39 1.60 0.12 45.53 1-5/6/7 (99) 
4 5 1.60 1.30 1.90 0.11 15.31 4-2 (1999) 66 - 2,3',4,4'-



Tetrachlorobiphenyl ALL 14 1.10 0.39 1.90 0.14 46.17 4-2 (1999) 
1 9 2.44 0.90 3.30 0.29 35.02 1-4 (1998) 
4 5 4.78 3.20 6.10 0.47 22.11 4-2 (1999) 77 - 3,3',4,4'-



Tetrachlorobiphenyl ALL 14 3.28 0.90 6.10 0.39 44.65 4-2 (1999) 
1 9 0.73 0.32 1.40 0.12 48.88 1-8 (1998) 
4 5 0.59 0.50 0.65 0.02 9.28 4-1 (1999) 87 - 2,2',3,4,5'-



Pentachlorobiphenyl ALL 14 0.68 0.32 1.40 0.08 42.51 1-8 (1998) 
1 9 2.60 1.40 5.20 0.41 47.22 1-8 (1998) 
4 5 3.36 2.60 4.40 0.31 20.36 4-2 (1999) 101 - 2,2',4,5,5'-



Pentachlorobiphenyl ALL 14 2.87 1.40 5.20 0.29 38.38 1-8 (1998) 
1 9 0.75 0.36 1.20 0.10 39.92 1-8 (1998) 
4 5 1.54 1.00 1.80 0.15 21.34 4-3.1 (99) 105 - 2,3,3',4,4'-



Pentachlorobiphenyl ALL 14 1.03 0.36 1.80 0.13 47.61 4-3.1 (99) 
1 9 2.01 1.20 4.30 0.31 45.74 1-8 (1998) 
4 5 4.12 2.60 5.60 0.48 26.28 4-2 (1999) 118 - 2,3',4,4',5-



Pentachlorobiphenyl ALL 14 2.76 1.20 5.60 0.38 50.92 4-2 (1999) 
1 9 1.97 0.29 2.70 0.27 41.70 1-4 (1998) 
4 5 0.77 0.31 2.60 0.46 132.37 4-6 (1998) 126 - 3,3',4,4',5-



Pentachlorobiphenyl ALL 14 1.54 0.29 2.70 0.28 67.73 1-4 (1998) 
1 9 3.15 0.58 4.35 0.43 40.55 1-4 (1998) 
4 5 1.33 0.48 4.20 0.72 120.63 4-6 (1998) 128 - 2,2',3,3',4,4'-



Hexachlorobiphenyl ALL 14 2.50 0.48 4.35 0.43 64.68 1-4 (1998) 
1 9 2.28 1.00 4.20 0.33 43.34 1-8 (1998) 
4 5 4.08 2.80 5.00 0.42 23.15 4-2 (1999) 138 - 2,2',3,4,4',5'-



Hexachlorobiphenyl ALL 14 2.92 1.00 5.00 0.35 44.33 4-2 (1999) 
1 9 3.13 2.00 6.20 0.43 41.64 1-8 (1998) 
4 5 5.08 3.20 6.00 0.53 23.18 4-1 (1999) 153 - 2,2',4,4',5,5'-



Hexachlorobiphenyl ALL 14 3.83 2.00 6.20 0.42 40.56 1-8 (1998) 
1 9 1.35 0.16 2.20 0.28 63.19 1-4 (1998) 
4 5 0.79 0.36 2.10 0.34 95.58 4-6 (1998) 156 - 2,3,3',4,4',5-



Hexachlorobiphenyl ALL 14 1.15 0.16 2.20 0.22 72.86 1-4 (1998) 
1 9 1.61 0.35 2.20 0.21 39.71 1-4 (1998) 
4 5 0.72 0.37 2.10 0.34 106.70 4-6 (1998) 169 - 3,3',4,4',5,5'-



Hexachlorobiphenyl ALL 14 1.29 0.35 2.20 0.21 61.32 1-4 (1998) 
1 9 1.26 0.21 2.15 0.28 67.41 1-4 (1998) 
4 5 0.78 0.44 2.10 0.33 94.81 4-6 (1998) 170 - 2,2',3,3',4,4',5-



Heptachlorobiphenyl ALL 14 1.09 0.21 2.15 0.22 75.14 1-4 (1998) 
1 9 1.43 0.36 3.45 0.43 89.92 1-4 (1998) 180 - 2,2',3,4,4',5,5'-



Heptachlorobiphenyl 4 5 0.86 0.39 1.30 0.15 38.45 4-1 (1999) 
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Analyte Ring n Mean 
(μg/kg) 



Minimum 
(μg/kg) 



Maximum 
(μg/kg) 



Standard 
Error CV Maximum 



Station 
 ALL 14 1.23 0.36 3.45 0.28 86.73 1-4 (1998) 



1 9 1.16 0.22 2.20 0.29 75.03 1-4 (1998) 
4 5 0.31 0.28 0.36 0.02 13.08 4-6 (1998) 183 - 2,2',3,4,4',5',6-



Heptachlorobiphenyl ALL 14 0.86 0.22 2.20 0.21 93.68 1-4 (1998) 
1 9 1.33 0.27 1.90 0.18 40.94 1-5 (1998) 
4 5 0.55 0.28 1.60 0.26 106.73 4-6 (1998) 184 - 2,2',3,4,4',6,6'-



Heptachlorobiphenyl ALL 14 1.05 0.27 1.90 0.18 63.00 1-5 (1998) 
1 9 1.10 0.35 3.50 0.32 86.63 1-8 (1998) 
4 5 0.56 0.34 0.95 0.11 42.23 4-2 (1999) 187 - 2,2',3,4',5,5',6-



Heptachlorobiphenyl ALL 14 0.91 0.34 3.50 0.22 88.94 1-8 (1998) 
1 9 1.99 0.39 3.05 0.34 51.80 1-4 (1998) 
4 5 0.88 0.16 2.95 0.52 132.38 4-6 (1998) 195 - 2,2',3,3',4,4',5,6-



Octachlorobiphenyl ALL 14 1.59 0.16 3.05 0.31 73.61 1-4 (1998) 
1 9 1.64 0.14 2.55 0.30 54.72 1-4 (1998) 
4 5 0.71 0.25 2.45 0.44 137.03 4-6 (1998) 206 - 2,2',3,3',4,4',5,5',6-



Nonachlorobiphenyl ALL 14 1.31 0.14 2.55 0.27 76.49 1-4 (1998) 
1 9 1.49 0.08 5.60 0.53 107.25 1-8 (1998) 
4 5 0.48 0.14 1.35 0.23 106.43 4-6 (1998) 209 - Decachlorobiphenyl 



ALL 14 1.13 0.08 5.60 0.37 122.14 1-8 (1998) 



NOTE: Non-detected congeners processed as ½ MDL. Congeners used in calculating PCB21 are shaded. 
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Table 3-32. Summary statistics for 26 PCB congener concentrations in Nephtys caecoides for Ring 1, Ring 4 
and all stations combined (mg/kg). 



Analyte Ring N Mean 
(μg/kg) 



Minimum 
(μg/kg) 



Maximum 
(μg/kg) 



Standard 
Error CV Maximum 



Station 
1 9 0.90 0.44 1.25 0.10 32.05 1-2 (1998) 
4 5 0.43 0.22 0.85 0.11 59.59 4-6 (1998) 8 - 2,4'-Dichlorobiphenyl 



ALL 14 0.73 0.22 1.25 0.09 48.61 1-2 (1998) 
1 9 1.16 0.29 1.80 0.19 48.01 1-8 (1998) 
4 5 0.37 0.14 1.10 0.18 111.16 4-6 (1998) 18 - 2,2',5-Trichlorobiphenyl 



ALL 14 0.88 0.14 1.80 0.17 71.80 1-8 (1998) 
1 9 0.63 0.17 1.55 0.15 73.39 1-6 (1998) 
4 5 0.77 0.24 1.60 0.23 68.16 4-3.1 (1999) 28 - 2,4,4'-Trichlorobiphenyl 



ALL 14 0.68 0.17 1.60 0.13 69.11 4-3.1 (1999) 
1 9 1.64 0.34 6.90 0.67 122.86 1-8 (1998) 
4 5 1.94 1.30 3.20 0.35 40.36 4-3.1 (1999) 44 - 2,2',3,5'-



Tetrachlorobiphenyl 
ALL 14 1.75 0.34 6.90 0.44 94.28 1-8 (1998) 



1 9 1.65 0.15 5.40 0.50 90.94 1-8 (1998) 
4 5 0.91 0.43 1.60 0.19 47.91 4-6 (1998) 49 - 2,2',4,5'-



Tetrachlorobiphenyl 
ALL 14 1.39 0.15 5.40 0.34 90.71 1-8 (1998) 



1 9 3.10 0.80 15.00 1.50 145.08 1-8 (1998) 
4 5 1.73 0.42 4.30 0.71 91.46 4-3.1 (1999) 52 - 2,2',5,5'-



Tetrachlorobiphenyl 
ALL 14 2.61 0.42 15.00 0.99 141.63 1-8 (1998) 



1 9 1.10 0.56 2.00 0.19 53.07 1-8 (1998) 
4 5 1.53 0.96 2.60 0.30 43.25 4-3.1 (1999) 66 - 2,3',4,4'-



Tetrachlorobiphenyl 
ALL 14 1.26 0.56 2.60 0.17 49.83 4-3.1 (1999) 



1 9 2.06 0.65 2.90 0.25 36.21 1-2 (1998) 
4 5 1.16 0.32 2.00 0.31 59.36 4-6 (1998) 77 - 3,3',4,4'-



Tetrachlorobiphenyl 
ALL 14 1.74 0.32 2.90 0.22 47.64 1-2 (1998) 



1 9 2.19 0.32 14.00 1.48 203.51 1-8 (1998) 
4 5 0.56 0.22 0.69 0.09 35.31 4-3.1 (1999) 87 - 2,2',3,4,5'-



Pentachlorobiphenyl 
ALL 14 1.61 0.22 14.00 0.96 223.20 1-8 (1998) 



1 9 5.70 1.40 29.00 2.93 154.34 1-8 (1998) 
4 5 3.62 3.00 4.30 0.26 16.27 4-3.1 (1999) 101 - 2,2',4,5,5'-



Pentachlorobiphenyl 
ALL 14 4.96 1.40 29.00 1.87 140.93 1-8 (1998) 



1 9 2.07 0.37 11.00 1.12 162.62 1-8 (1998) 
4 5 0.79 0.51 1.10 0.11 30.39 4-5 (1999) 105 - 2,3,3',4,4'-



Pentachlorobiphenyl 
ALL 14 1.62 0.37 11.00 0.73 168.51 1-8 (1998) 



1 9 4.64 1.00 26.00 2.70 174.35 1-8 (1998) 
4 5 1.80 1.40 2.30 0.15 18.84 4-3.1 (1999) 118 - 2,3',4,4',5-



Pentachlorobiphenyl 
ALL 14 3.63 1.00 26.00 1.74 179.42 1-8 (1998) 



1 9 1.66 0.20 2.40 0.23 42.22 1-2 (1998) 
4 5 0.45 0.10 1.65 0.30 150.77 4-6 (1998) 126 - 3,3',4,4',5-



Pentachlorobiphenyl 
ALL 14 1.23 0.10 2.40 0.24 73.18 1-2 (1998) 



1 9 2.45 0.36 3.85 0.45 54.57 1-6 (1998) 
4 5 0.72 0.13 2.65 0.48 149.76 4-6 (1998) 128 - 2,2',3,3',4,4'-



Hexachlorobiphenyl 
ALL 14 1.83 0.13 3.85 0.40 80.87 1-6 (1998) 



1 9 4.36 0.94 22.00 2.23 153.60 1-8 (1998) 
4 5 1.80 1.40 2.00 0.11 13.61 4-6 (1998) 138 - 2,2',3,4,4',5'-



Hexachlorobiphenyl 
ALL 14 3.45 0.94 22.00 1.45 156.93 1-8 (1998) 
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Analyte Ring N Mean 
(μg/kg) 



Minimum 
(μg/kg) 



Maximum 
(μg/kg) 



Standard 
Error CV Maximum 



Station 
1 9 3.53 0.91 9.00 0.79 67.24 1-8 (1998) 
4 5 2.58 2.00 3.20 0.24 20.58 4-5 (1999) 153 - 2,2',4,4',5,5'-



Hexachlorobiphenyl 
ALL 14 3.19 0.91 9.00 0.52 60.94 1-8 (1998) 



1 9 1.55 0.23 3.10 0.26 51.22 1-8 (1998) 
4 5 0.46 0.22 1.35 0.22 108.62 4-6 (1998) 156 - 2,3,3',4,4',5-



Hexachlorobiphenyl 
ALL 14 1.16 0.22 3.10 0.23 75.04 1-8 (1998) 



1 9 1.35 0.24 1.95 0.18 39.73 1-6 (1998) 
4 5 0.41 0.12 1.35 0.24 128.33 4-6 (1998) 169 - 3,3',4,4',5,5'-



Hexachlorobiphenyl 
ALL 14 1.01 0.12 1.95 0.19 68.32 1-6 (1998) 



1 9 1.05 0.19 2.00 0.26 74.55 1-8 (1998) 
4 5 0.43 0.14 1.30 0.22 115.27 4-6 (1998) 170 - 2,2',3,3',4,4',5-



Heptachlorobiphenyl 
ALL 14 0.83 0.14 2.00 0.20 89.40 1-8 (1998) 



1 9 1.17 0.43 4.80 0.46 117.29 1-8 (1998) 
4 5 0.45 0.27 0.74 0.09 42.45 4-6 (1998) 180 - 2,2',3,4,4',5,5'-



Heptachlorobiphenyl 
ALL 14 0.91 0.27 4.80 0.30 124.97 1-8 (1998) 



1 9 0.59 0.17 1.95 0.23 114.92 1-6 (1998) 
4 5 0.20 0.14 0.29 0.03 28.94 4-6 (1998) 183 - 2,2',3,4,4',5',6-



Heptachlorobiphenyl 
ALL 14 0.45 0.14 1.95 0.15 125.86 1-6 (1998) 



1 9 1.25 0.19 1.80 0.16 37.34 1-6 (1998) 
4 5 0.43 0.09 1.60 0.29 154.34 4-6 (1998) 184 – 2,2',3,4,4',6,6'-



Heptachlorobiphenyl 
ALL 14 0.96 0.09 1.80 0.18 69.02 1-6 (1998) 



1 9 1.20 0.26 4.50 0.43 108.53 1-8 (1998) 
4 5 0.51 0.32 0.92 0.11 48.57 4-6 (1998) 187 – 2,2',3,4',5,5',6-



Heptachlorobiphenyl 
ALL 14 0.95 0.26 4.50 0.29 113.97 1-8 (1998) 



1 9 1.70 0.05 2.70 0.32 57.10 1-2 (1998) 
4 5 0.48 0.06 1.85 0.34 158.99 4-6 (1998) 195 - 2,2',3,3',4,4',5,6-



Octachlorobiphenyl 
ALL 14 1.26 0.05 2.70 0.28 83.91 1-2 (1998) 



1 9 1.03 0.13 2.25 0.24 69.28 1-6 (1998) 
4 5 0.36 0.05 1.55 0.30 182.68 4-6 (1998) 206 - 2,2',3,3',4,4',5,5',6-



Nonachlorobiphenyl 
ALL 14 0.79 0.05 2.25 0.20 94.39 1-6 (1998) 



1 9 0.73 0.13 1.25 0.11 45.32 1-6 (1998) 
4 5 0.27 0.03 0.85 0.15 126.19 4-6 (1998) 209 - Decachlorobiphenyl 



ALL 14 0.57 0.03 1.25 0.11 69.89 1-6 (1998) 



NOTE: Non-detected congeners processed as ½ MDL. Congeners used in calculating PCB21 are shaded. 



 



3.2.3.5. Tissue PCB Summary 
Laboratory bioaccumulation tests were conducted on two common benthic test species, the 
bentnose clam Macoma nasuta and the polychaete worm Nephtys caecoides. Comparisons of 
PCB total dry weight tissue burdens did not significantly differ between Inner and Outer Rings 
(p>0.05). To place the average tissue PCB concentrations in a local context, several long-term 
coastal monitoring programs were also reviewed. Since 1986, the Mussel Watch Project of the 
National Oceanic and Atmospheric Administration (NOAA) has chemically analyzed mussels 
and oysters collected annually from coastal sites throughout the nation. Tissue body burdens in 
the bivalve Mytilus sp. have been monitored at four nearshore southern California sites located 
within 125 miles of the ex-AGERHOLM since 1986 (Point Loma Light House, Point La Jolla, 
Oceanside Beach Jetty, Santa Catalina Island Bird Rock). As explained previously, these 
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locations provide background or reference bioaccumulation levels for southern California areas 
exposed to the open ocean and not confined within the immediate vicinity of industrial waste 
streams. 



Table 3-33 summarizes Mussel Watch data for eight of the total PCBs (sum of 18 congeners, 0 
for non-detected values), total PAH compounds (sum of 16 compounds, 0 for non-detected 
values) and seven metals for samples collected between 1986 and 1998. Total PCBs calculated 
for the Mussel Watch Project contain Green Book congeners summed in PCB21, with the 
exception of congeners 77, 126 and 169. Considering all four monitoring sites, total PCB 
minimum and maximum dry weight concentrations ranged from 0.4 (Santa Catalina Island) to 
98.9 µg/kg (Point Loma Lighthouse) and encompass all measured Green Book total PCB 
Macoma and Nephtys tissue concentrations for Inner Ring and Outer Ring SINKEX stations, 
with the exception of Station 1-8 (138.19 µg/kg, Table 3-28). Average Mussel Watch total PCBs 
ranged from 12.3 (Santa Catalina Island) to 60.6 µg/kg (Point Loma Lighthouse) and also 
encompassed all PCB21 concentrations, with the exception of Nephtys tissue results at Station 1-
8. 



Station 1-8 is located at the north-west quadrant of the sampling grid in close proximity to an 
incomplete separation of the rear 1/3 of the vessel from the rest of the hull, where approximately 
30 meters of the aft portion rises vertically from the seafloor. It is not unexpected that the highest 
concentrations of tissue PCBs would be found in this area, since the very large opening in the 
hull provides increased ocean access to the internal structures. Of note, Station 1-7, also near the 
hull breach, has PCB concentrations much closer to Ring 4 stations. There are two possible and 
related explanations for the observed difference in these proximally close tissue PCB stations: 1) 
the heterogeneous distribution of PCBs within the sediment, and 2) sediment sampling methods. 
PCBs associated with the ex-AGERHOLM are sequestered in what appear to be reasonably 
stable “compartments” (e.g., PCB-saturated felt gasket material used to isolate large steal 
bulkheads within the hull). 



When the ex-AGERHOLM hit the seafloor and broke open the after part of the ship, it is 
possible that some of this material fragmented and was buried in the sediments closest to the 
ship, creating isolated hotspots. Sediments obtained for chemical analyses at each station were 
taken from a single bottom sample, using a 0.05 m2 sampling device. Sediment samples taken for 
bioaccumulation testing were collected with the same device; however, since a minimum of 11L 
of material for the bioaccumulation testing was required, 10 to 14 composite samples (grabs) 
were taken at each station. Assuming that some portion of the PCBs near the hull break are 
associated with PCB “enriched” ship fragments, there is a reasonable expectation that 
bioaccumulation organisms will be exposed to material not present in the single sediment 
chemistry sample. 



Lastly, as recommended in both the Green Book (USEPA/USACE, 1991) and the Inland Testing 
Manual (USEPA/USACE, 1998), a comparison to U.S. Food and Drug Administration (FDA) 
action levels for poisonous and deleterious substances in fish and shellfish for human food (21 
CFR 109.30), shows tissue dry weight measurements for total PCBs to be substantially below the 
FDA tolerance level of 2.0 mg/kg (2000 µg/kg wet weight, using a typical multiple of 5, 
estimated to be 10,000 µg/kg dry weight). The highest tissue value recorded (Station 1-8, 136.68 
µg/kg wet weight) is only 1.4 percent of the FDA limit as dry weight). 
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In summary, 1) there is no statistically significant difference between Inner-Ring and Outer-Ring 
stations; 2) 27 of 28 bioaccumulation tests are within the range of published values for relatively 
low impact coastal areas; and 3) the highest measured PCB concentrations that have 
bioaccumulated are well below FDA shellfish limits. 



Table 3-33. Summary of NOAA Status and Trends Mussel Watch tissue data for selected analytes, 1986-1999. 



Mussel Watch Site Analyte Units 



Number 
of 



Samples Minimum Maximum Mean 
Standard 
Deviation 



Total PCB µg/kg (dry) 14 10.100 54.760 20.557 12.618 
Total PAH µg/kg (dry) 14 16.000 59.000 31.749 13.214 
Cadmium mg/kg (dry) 21 0.518 3.000 1.735 0.595 
Copper mg/kg (dry) 22 5.200 12.400 7.952 1.505 



Chromium mg/kg (dry) 22 0.965 4.010 1.755 0.718 
Lead mg/kg (dry) 22 1.004 7.000 3.512 1.771 



Mercury mg/kg (dry) 22 0.065 0.420 0.182 0.087 
Nickel mg/kg (dry) 22 0.842 2.200 1.366 0.388 
Silver mg/kg (dry) 6 0.670 7.636 3.074 2.480 



Point La Jolla 



Zinc mg/kg (dry) 22 73.202 200.000 148.282 35.640 
Total PCB µg/kg (dry) 15 35.690 98.900 60.562 15.966 
Total PAH µg/kg (dry) 14 35.390 2070.000 328.166 561.978 
Cadmium mg/kg (dry) 21 0.740 2.400 1.550 0.450 
Copper mg/kg (dry) 21 9.880 19.000 12.771 2.586 



Chromium mg/kg (dry) 21 1.100 3.570 2.197 0.869 
Lead mg/kg (dry) 21 0.900 4.100 2.242 0.919 



Mercury mg/kg (dry) 21 0.200 0.760 0.372 0.177 
Nickel mg/kg (dry) 21 0.400 4.800 2.254 1.043 
Silver mg/kg (dry) 5 4.940 33.757 18.295 12.144 



Point Loma 
Lighthouse 



Zinc mg/kg (dry) 21 118.065 280.000 202.765 34.751 
Total PCB µg/kg (dry) 16 15.830 43.600 26.737 8.508 
Total PAH µg/kg (dry) 11 20.050 115.600 48.021 25.183 
Cadmium mg/kg (dry) 22 0.445 2.900 1.583 0.843 
Copper mg/kg (dry) 22 4.900 13.800 7.944 2.118 



Chromium mg/kg (dry) 22 0.880 4.250 1.900 0.773 
Lead mg/kg (dry) 22 0.390 2.600 0.980 0.532 



Mercury mg/kg (dry) 20 0.010 0.150 0.064 0.030 
Nickel mg/kg (dry) 21 0.820 5.200 1.941 1.321 
Silver mg/kg (dry) 5 0.092 0.281 0.210 0.072 



Oceanside Beach 
Jetty 



Zinc mg/kg (dry) 22 74.050 240.000 152.320 37.594 
Total PCB µg/kg (dry) 13 0.400 31.480 12.274 8.678 
Total PAH µg/kg (dry) 14 5.610 1560.000 243.427 478.908 
Cadmium mg/kg (dry) 19 1.200 7.700 4.026 1.626 
Copper mg/kg (dry) 19 4.500 8.700 6.003 1.193 



Chromium mg/kg (dry) 19 1.000 4.710 1.777 0.767 
Lead mg/kg (dry) 19 0.800 3.530 1.883 0.706 



Mercury mg/kg (dry) 19 0.010 0.210 0.117 0.055 
Nickel mg/kg (dry) 19 0.920 7.100 2.605 1.923 
Silver mg/kg (dry) 6 0.188 1.120 0.474 0.378 



Santa Catalina 
Island Bird Rock 



Zinc mg/kg (dry) 19 91.400 180.000 132.232 20.243 
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3.2.3.6. PAHs in Tissue 
Like total PCBs, results reported for total PAHs depend on the number of PAH compounds 
analyzed. Total PAH estimates have relied on several calculations, including the summation of 
16 EPA priority pollutant compounds used in the Green Book (PAH16), 13 NOAA compounds 
(Long et al. 1995) and 41 compounds for the SINKEX Program (PAH41). Tissue PAH 
compounds reported in this section are examined in four basic groups (petrogenic, pyrogenic, 
PAH16, PAH41) as described in Section 3.2.2.3. Compounds reported below the method detection 
limit were excluded from summed totals. All concentrations are reported on a tissue dry-weight 
basis. 



Similar to PCBs in this bioaccumulation study, PAHs were measured in source tissues from 
tissues taken prior to test initiation (Zero Time) and at test conclusion in tissues exposed to 
native sediment (“uncontaminated” Controls) for both tested organisms. Figure 3-65 and Figure 
3-66 compare individual PAH concentrations in Macoma and Nephtys, respectively, for Zero 
Time and Control for each of the three cruises. Both test species display elevated concentrations 
of predominately high molecular weight PAH compounds in source tissues at time zero, however 
the issue is not as severe in the Nephtys tissue as it is in the Macoma tissues. Nearly all 
concentrations decrease over the 28-day exposure period, indicating initial contamination of both 
the clam and worm stock test organisms. PAH Zero Time concentrations in Nephtys source 
tissue are very low; and only one compound (naphthalene, N in Figure 3-66) continues to exceed 
20 µg/kg after the 28-day exposure. These concentrations are considered trivial, well within 
ranges observed in “wild” populations harvested for bioaccumulation testing, and do not 
influence statistical evaluations. Therefore, source concentrations in Nephtys were not subjected 
to adjustment prior to statistical testing. 



Macoma source tissue concentrations, however, present a much different problem. The highest 
PAH41 concentration measured was 7,233 µg/kg in Zero Time Cruise II samples. Most individual 
PAH concentrations decreased after 28-days of control sediment exposure, with PAH41 
concentrations dropping by 4%, 37% and 81%, respectively, in Cruises IV, V and II, showing 
that Macoma depurate these compounds over the 28-day sediment exposure. The distribution of 
individual PAH compounds in these tissues is characteristic of background material dominated 
by atmospheric combustion residues. For comparison, Figure 3-67 displays the PAH distribution 
for National Institute of Standards and Technology atmospheric dust (NIST-1649 SRMa). This 
distribution is dominated by 4-6 ring parent (non-alkylated) PAH compounds (e.g., pyrene). 
Generally the major PAHs associated with the combustion of fossil fuels are fluoranthene, 
pyrene, chrysene and benzo(b)fluoranthene with lesser amounts of naphthalene, fluorene and 
phenanthrene (2-3 ring PAHs). 



A second indicator of combustion source material is parent PAH dominance over corresponding 
alkylated homologs. In combustion sources parent concentrations are much greater than 
alkylated daughter compounds, generally following the pattern: PAH (C0) >>C1>C2>C3>C4 
PAH. This appears to be the case for chrysene and its alkylated homologs measured in the 
Macoma Zero Time tissue samples. 
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Figure 3-65. Comparison of Macoma tissue PAH distributions between zero time (initial) and control (28-day 
exposure) (µg/kg dry weight). 
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Figure 3-66. Comparison of Nephtys tissue PAH distributions between zero time (initial) and control (28-day 
exposure) (µg/kg dry weight). 
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Figure 3-67. PAH distribution in NIST atmospheric dust. 



All three bioaccumulation testing events (samples from Cruises II, IV and V) were performed by 
the same laboratory, under identical procedures and written protocols (MEC 2002). The greatest 
contamination is associated with bioaccumulation testing performed using Cruise II sediments. 
The bulk of these sediments were collected from Ring 1 nearest the ex-AGERHOLM, potentially 
skewing data analysis by artificially “increasing” Macoma PAH burdens near the hulk with their 
zero-time PAH concentrations. To address this issue issue for the Macoma tissues only, 
individual PAH compounds detected in Zero Time tissues for each cruise were flagged during 
data processing. Individual PAH concentrations measured in corresponding Control samples 
were then subtracted from each of the test tissue concentrations prior to statistical analysis. 
Subtractions resulting in negative PAH concentrations were assigned a concentration of 0.0 
µg/kg. Again, “Zero Time” adjustments were only applied to Macoma tissues, with subsequent 
summary statistics and hypothesis testing applied to the adjusted values. Unadjusted 
concentrations are reported in Appendix K. 



In the associated results, total PAH concentrations varied between stations, rings and years 
(cruises). Summary statistics for total PAHs based on PAH16, PAH41, petrogenic and pyrogenic 
groupings are shown in Table 3-34. Tissue PAH41 concentrations for Macoma and Nephtys 
ranged from 4.8 to 659.7 µg/kg and 43.5 to 1144.9 µg/kg, respectively. Total PAH16 
concentrations are smaller, due to the lower number of analytes summed to create totals, ranging 
from 0.0 to 77.1 µg/kg for Macoma, and 35.1 to 365.7 µg/kg for Nephtys. Total PAH16 minimum 
concentrations of 0.0 µg/kg reported for Macoma are artifacts created by the removal of Control 
tissue contamination. Figure 3-68 and Figure 3-69 present total dry weight tissue PAH 
concentrations for Macoma and Nephtys, respectively. 
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Table 3-34. Summary of total tissue PAHs in bentnose clam Macoma nasuta and the polychaete worm 
Nephtys caecoides. 



Species Analyte Ring n 
Mean 



(µg/kg) 
Minimum 
(µg/kg) 



Maximum 
(µg/kg) 



Standard 
Error CV 



Maximum 
Station 



1 9 31.49 0.40 77.10 7.86 74.84 1-5/6/7 (1999)
4 5 8.34 0.00 27.30 5.27 141.27 4-6 (1998) 



Total Green Book 
PAH  



(16 compounds) All 14 23.22 0.00 77.10 6.08 97.91 1-5/6/7 (1999)
1 9 241.56 4.80 659.70 81.61 101.36 1-8 (1998) 
4 5 26.84 11.00 63.80 9.60 79.98 4-6 (1998) 



Total PAH 
(41 compounds) 



All 14 164.87 4.80 659.70 58.82 133.48 1-8 (1998) 
1 9 234.30 4.80 647.10 80.87 103.54 1-8 (1998) 
4 5 24.36 11.00 63.80 9.94 91.27 4-6 (1998) 



Petrogenic PAH 
(30 compounds) 



All 14 159.32 4.80 647.10 58.11 136.46 1-8 (1998) 
1 9 7.26 0.00 33.00 3.66 151.28 1-5/6/7 (1999)
4 5 2.48 0.00 12.40 2.48 223.61 4-3.1 (1999) 



Macoma 



Pyrogenic PAH 
(12 compounds) 



All 14 5.55 0.00 33.00 2.52 170.21 1-5/6/7 (1999)
1 9 145.45 36.05 365.70 46.42 95.75 1-5 (1998) 
4 5 50.16 35.10 82.60 9.46 42.18 4-6 (1998) 



Total Green Book 
PAH 



(16 compounds) All 14 111.42 35.10 365.70 31.98 107.40 1-5 (1998) 
1 9 442.39 80.39 1144.90 161.46 109.49 1-5 (1998) 
4 5 73.40 43.50 153.60 21.20 64.60 4-6 (1998) 



Total PAH 
(41 compounds) 



All 14 310.61 43.50 1144.90 112.99 136.11 1-5 (1998) 
1 9 305.10 57.10 862.80 109.59 107.76 1-6 (1998) 
4 5 51.38 30.70 110.30 15.20 66.14 4-6 (1998) 



Petrogenic PAH 
(30 compounds) 



All 14 214.49 30.70 862.80 76.90 134.15 1-6 (1998) 
1 9 137.29 17.00 400.90 55.41 121.09 1-5 (1998) 
4 5 22.02 12.50 43.30 6.20 62.92 4-6 (1998) 



Nephtys 



Pyrogenic PAH 
(12 compounds) 



All 14 96.12 12.50 400.90 38.13 148.41 1-5 (1998) 
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Figure 3-68. PAH16 and PAH41 measured in Macoma tissues (µg/kg dry weight). 



 



Figure 3-69. PAH16 and PAH41 measured in Nephtys tissues (µg/kg dry weight). 
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Total PAH41 and PAH16 tissue concentrations for Macoma show similar distribution patterns 
among stations (Figure 3-68). Stations near the break in the hull (1-7 and 1-8) produced the 
highest PAH41 concentrations (507 and 660 µg/kg, respectively) followed by the forward-most 
hull Stations 1-3 and 1-4 (417 and 340 µg/kg, respectively). The distribution of individual PAH 
compounds at these stations appear to be dominated by petrogenic PAHs (Figure 3-70), but 
source identification is biased due to the mathematical adjustment performed because of control 
tissue contamination. Of the Outer Ring stations, tissues from Station 4-6 yielded the highest 
total PAH concentrations (27 µg/kg PAH16, 64 µg/kg PAH41) and also appeared to be dominated 
by pyrogenic compounds. 



 



Figure 3-70. Petrogenic and pyrogenic PAHs measured in Macoma tissues (µg/kg dry weight). 



Nephtys PAH41 and PAH16 tissue concentrations did not mirror Macoma tissue results (Figure 
3-69). The highest concentrations occurred forward of the hull break and were distributed on 
both sides of the hull. Stations 1-5 (starboard amidships), 1-6 (starboard amidships) and 1-2 (port 
amidships) tissue concentrations exceeded 900 µg/kg (1145, 1120 and 986 µg/kg, respectively). 
In general, pyrogenic and petrogenic PAHs were evenly distributed among stations, with slightly 
higher concentrations reported for petrogenic sources (Figure 3-71). Source identification, 
however, is very limited since, unlike the bivalve Macoma, polychaetes possess mixed function 
oxidase systems (MFO) that actively and selectively degrade PAH compounds (Kennish 1992). 
Station 4-6, like Macoma, had the highest Nephtys tissue concentrations for PAH41 and PAH16 
(154 and 83 µg/kg, respectively). Interestingly, PAH16 tissue concentrations at Station 4-6 
exceeded those at Inner-Ring stations 1-7 and 1-8 (55 and 65 µg/kg, respectively). 
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Figure 3-71. Petrogenic and pyrogenic PAHs measured in Nephtys tissues (µg/kg dry weight). 



Mean total PAH tissue concentrations between grouped Inner- and Outer-Ring samples were 
compared using a general linear model (GLM) (see Section 2.5.12.3). Prior to hypothesis testing, 
total PAH distributions for the two groups were evaluated for normality using the Shapiro-Wilks 
test procedure. Non-normal distributions were subjected to three normalization/standardization 
procedures (log transformation, ratio of total PAHs to fractional lipid content, and the log of the 
ratio of total PAHs to fractional lipid content) and re-tested. A non-parametric hypothesis test 
was applied to the original (untransformed) data, in the event that transformed data failed the 
normality test. Table 3-35 and Table 3-36 present the results of normality and GLM hypothesis 
testing performed on PAH16, PAH41, petrogenic and pyrogenic totals measured in Macoma and 
Nephtys tissues, respectively. The only significant difference between mean tissue concentrations 
(p=0.0104) was reported for PAH16 in Macoma, where Inner-Ring stations (mean=31.49 µg/kg) 
were significantly higher than Outer-Ring stations (mean=8.34 µg/kg). 



For Macoma, PAH41 and petrogenic PAHs were successfully normalized with a simple log 
transformation and neither PAH grouping showed significant differences between rings or 
cruises (i.e., p>0.05). Pyrogenic PAH data resisted normalization and hypothesis testing was 
performed on ranked data. The non-parametric Kruskal-Wallis hypothesis test performed on 
straight ranked data (Table 3-35 “Rank”) was not significant (i.e., p>0.05). 



None of the four total PAH groups were normally distributed for Nephtys (Shaprio-Wilks > 
0.05); and log, lipid, log-lipid transformations failed to yield normal distributions (Table 3-36). 
As a result, the non-parametric Kruskal-Wallis hypothesis test was applied to simple rank data. 
There were no significant differences (p>0.05) between rings for any of the four total PAH 
groups tested. 
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Table 3-35. Two-way comparison of SINKEX Rings (1 and 4, cruises 1998-1999) for Macoma Tissue PAHs. 



Macoma GLM Hypothesis Test Results Normality Test Results 



Total PAH 
Measurement 



Transformation 
Standardization 



Method 



Inner-Ring 
Comparison 
(different if 



<0.05) 



Inter-Cruise 
Comparison 
(different if 



<0.05) 



Ring-Cruise 
Interaction 



(important if 
<0.05) 



Shapiro-
Wilks Value



Probability 
of Non-
Normal 



Distribution 
(non-normal 



if <0.05) Distribution 
Lipid 0.0051 0.0830 0.0039 0.8377 0.0152 Non-Normal 



Log Concentration 0.1344 0.6095 0.0623 0.8746 0.0487 Non-Normal 
Log Lipid 0.1893 0.8508 0.0730 0.9125 0.1714 Normal 



None 0.0104 0.2557 0.0084 0.8960 0.0986 Normal 



Total PAH 
(Green Book) 



Rank 0.0795 1.0000 0.0573 0.9541 0.6261 Normal 
Lipid 0.3841 0.6302 0.8086 0.7407 0.0010 Non-Normal 
Log 



Concentration 
0.3759 0.6289 0.5770 0.9222 0.2365 Normal 



Log Lipid 0.4531 0.8228 0.5603 0.9333 0.3396 Normal 
None 0.4093 0.5644 0.7583 0.7442 0.0011 Non-Normal 



Total PAH (41 
compounds) 



Rank 0.3643 0.7484 0.4668 0.9645 0.7964 Normal 
Lipid 0.4404 0.5457 0.7319 0.7225 0.0006 Non-Normal 
Log 



Concentration 
0.4186 0.4913 0.6300 0.9069 0.1419 Normal 



Log Lipid 0.4967 0.6847 0.6066 0.9158 0.1910 Normal 
None 0.4573 0.4960 0.6960 0.7325 0.0008 Non-Normal 



Petrogenic 
PAH 



Rank 0.4357 0.6261 0.5747 0.9630 0.7720 Normal 
Lipid 0.0011 0.0014 0.0046 0.6232 0.0001 Non-Normal 



Log Concentration 0.0698 0.1252 0.3447 0.7340 0.0009 Non-Normal 
Log Lipid 0.1077 0.1076 0.3381 0.8571 0.0278 Non-Normal 



None 0.0034 0.0048 0.0157 0.6577 0.0001 Non-Normal 



Pyrogenic 
PAH 



Rank 0.0809 0.1670 0.4353 0.7550 0.0015 Non-Normal 



Values in bold provide best normalization of raw data. 
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Table 3-36. Two-way comparison of SINKEX Rings (1 and 4, cruises 1998-1999) for Nephtys Tissue PAHs. 



Nephtys GLM Hypothesis Test Results Normality Test Results 



Total PAH 
Measurement 



Transformation 
Standardization 



Method 



Inner-Ring 
Comparison 
(different if 



<0.05) 



Inter-Cruise 
Comparison 
(different if 



<0.05) 



Ring-Cruise 
Interaction 



(important if 
<0.05) 



Shapiro-
Wilks Value



Probability 
of Non-
Normal 



Distribution 
(non-normal 



if <0.05) Distribution 
Lipid 0.6163 0.5473 0.6687 0.5815 0.0000 Non-Normal 



Log Concentration 0.6937 0.2982 0.9811 0.7819 0.0030 Non-Normal 
Log Lipid 0.6551 0.4274 0.9416 0.7003 0.0004 Non-Normal 



None 0.6550 0.4575 0.7426 0.6409 0.0001 Non-Normal 



Total PAH 
(Green Book) 



Rank 0.9486 0.0975 0.4840 0.9645 0.7964 Normal 
Lipid 0.5858 0.5295 0.6185 0.5589 0.0000 Non-Normal 



Log Concentration 0.5015 0.1513 0.9230 0.8359 0.0144 Non-Normal 
Log Lipid 0.5174 0.2577 0.8801 0.7610 0.0017 Non-Normal 



None 0.5854 0.4473 0.6427 0.6213 0.0001 Non-Normal 



Total PAH (41 
compounds) 



Rank 0.4391 0.0217 0.4071 0.9645 0.7964 Normal 
Lipid 0.5832 0.5320 0.6288 0.5914 0.0000 Non-Normal 



Log Concentration 0.4404 0.1496 0.9930 0.8669 0.0380 Non-Normal 
Log Lipid 0.4706 0.2584 0.9300 0.7875 0.0035 Non-Normal 



None 0.5758 0.4466 0.6594 0.6546 0.0001 Non-Normal 



Petrogenic 
PAH 



Rank 0.3052 0.0303 0.5616 0.9645 0.7964 Normal 
Lipid 0.6142 0.5496 0.6197 0.5748 0.0000 Non-Normal 



Log Concentration 0.6904 0.1542 0.7705 0.8142 0.0075 Non-Normal 
Log Lipid 0.6594 0.2521 0.7676 0.7506 0.0013 Non-Normal 



None 0.6310 0.4799 0.6328 0.6029 0.0000 Non-Normal 



Pyrogenic 
PAH 



Rank 0.8975 0.0179 0.6627 0.9541 0.6261 Normal 



Values in bold provide best normalization of raw data. 
 



3.2.3.7. Tissue PAH Summary Comments 
Macoma bioaccumulation test results, while confounded due to contamination in the source 
clams, suggests differences in PAH16 between Inner- and Outer-rings; however, PAH41 totals did 
not significantly differ between rings. Nephtys average PAH16 concentrations were not 
significantly different. 



Comparisons of average Ring 1 and Ring 4 PAH16 tissue data to NOAA Mussel Watch Status 
and Trends Mytilus sp. PAH body burdens from four nearshore southern California sites located 
within 125 miles of the ex-AGERHOLM (Table 3-30) show SINKEX averages bounded by this 
range of values (31.8 µg/kg Point La Jolla to 328.2 µg/kg Point Loma Lighthouse). The highest 
Mussel Watch data reported at these stations (1560 µg/kg Santa Catalina and 2070 µg/kg Point 
Loma Lighthouse) exceed the highest Ring 1 tissue concentrations for both Macoma (660 µg/kg) 
and Nephtys (1145 µg/kg). 



In summary, only the mean concentration for PAH16 appears to be significantly elevated in 
Inner-Ring Macoma tissues compared to Outer-Ring tissues. The broader and more complete 
measure of total PAHs comprised of 41 compounds (PAH41) did not significantly differ between 
rings. While not statistically different, all other mean total PAH concentrations are highest at the 
Inner-Ring compared to the Outer-Ring, suggesting PAH enrichment due to the presence of the 
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ex-AGERHOLM. It is important to note that all bioaccumulated PAH16 are within the range of 
published concentrations for exposed “clean” nearshore areas. 



3.2.3.8. Metals in Tissue 
Fourteen SINKEX sediment samples distributed according to Figure 2-18 and Figure 2-19, were 
examined for bioaccumulation of eight metals in the same organisms processed for PCB and 
PAH contaminants (the bentnose clam Macoma nasuta and the polychaete worm Nephtys 
caecoides). Cadmium, chromium, copper, lead, mercury, nickel, silver and zinc are secondary 
contaminants of concern and the ex-AGERHOLM is considered a potential source of these 
metals. Table 3-37 summarizes SINKEX dry weight tissue metal measurements. Complete 
tabular data is provided in Appendix L. 



Unlike the PCBs and some of the PAHs examined in Sections 3.2.3.3 and 3.2.3.6, all the metals 
of interest naturally occur in the marine environment. Many metals are important micronutrients 
and essential to metabolism (Rainbow 1985), the most notable of the SINKEX metals in this 
regard are copper and zinc (Stickney 1984). Other metals, such as cadmium and lead, appear to 
have no biological function. A consequence of the natural ubiquity of metals and their value as 
micronutrients is the development of specialized enzyme systems that actively regulate uptake 
and intracellular distribution. The biochemistry of marine organisms thus plays a vital role in 
susceptibility to metal toxicity. Heavy metals (atomic weights ranging from 63 to 200), when in 
excess, are often detoxified by lysosomes and metallothionein sequestering systems (Viarengo, 
et al 1985). Metallothionein-like proteins have been shown to associate with cadmium, mercury 
and silver in Macoma balthica (Mouneyrac et al., 2000). As expected, all eight metals were 
found in source tissues (Zero Time and Control) of both tested organisms. Figure 3-72 and 
Figure 3-73 graphically compare Macoma and Nephtys tissue concentrations from source 
material for each of the metals examined. Data are presented for each of the three testing events 
and correspond to sediment collections in September 1998 (Cruise II), September 1999 (Cruise 
IV) and November 1999 (Cruise V - Zero Time tissues (Macoma and Nephtys) were not 
processed by the metals laboratory due to a clerical error in the subsampling/shipping process. 
Background concentrations of all metals are apparent in both test organisms and most decrease in 
concentration during the 28-day exposure period, indicating depuration of the stock test 
organisms. Contamination in both Macoma and Nephtys tissue is very small. Nephtys chromium 
and nickel concentrations were elevated in Cruise II zero time samples compared controls after 
28-days of exposure. Control concentrations are considered trivial, well within bounds of “wild” 
populations harvested for bioaccumulation testing and do not influence further statistical 
evaluations. 
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Table 3-37. Summary of total tissue metals in bentnose clam Macoma nasuta and the polychaete worm 
Nephtys caecoides. 



Species Analyte Ring n 
Mean 



(mg/kg)
Minimum 
(mg/kg) 



Maximum 
(mg/kg) 



Standard 
Error CV 



Maximum 
Station 



1 9 0.76 0.34 1.76 0.14 54.87 1-5/6/7 (1999)
4 5 0.51 0.46 0.65 0.04 16.03 4-6 (1998) Cadmium 



All 14 0.67 0.34 1.76 0.09 52.71 1-5/6/7 (1999)
1 9 8.35 3.60 22.10 1.94 69.58 1-7 (1998) 
4 5 3.21 2.60 4.54 0.35 24.27 4-6 (1998) Chromium 



All 14 6.51 2.60 22.10 1.40 80.49 1-7 (1998) 
1 9 98.20 54.00 172.00 10.66 32.57 1-5/6/7 (1999)
4 5 60.44 44.40 95.90 9.27 34.29 4-6 (1998) Copper 



All 14 84.71 44.40 172.00 8.92 39.41 1-5/6/7 (1999)
1 9 0.79 0.28 1.01 0.07 27.58 1-5 (1998) 
4 5 0.36 0.21 0.84 0.12 76.01 4-6 (1998) Mercury 



All 14 0.64 0.21 1.01 0.08 49.35 1-5 (1998) 
1 9 4.36 3.27 5.13 0.24 16.48 1-3 (1998) 
4 5 3.08 2.12 5.29 0.57 41.11 4-6 (1998) Lead 



All 14 3.91 2.12 5.29 0.30 28.26 4-6 (1998) 
1 9 13.99 9.97 23.70 1.62 34.70 1-7 (1998) 
4 5 9.20 7.90 11.60 0.65 15.70 4-6 (1998) Nickel 



All 14 12.28 7.90 23.70 1.22 37.15 1-7 (1998) 
1 9 0.43 0.24 0.54 0.03 19.73 1-6 (1998) 
4 5 0.33 0.27 0.50 0.04 28.61 4-6 (1998) Silver 



All 14 0.39 0.24 0.54 0.03 24.46 1-6 (1998) 
1 9 270.11 231.00 322.00 10.89 12.10 1-4 (1998) 
4 5 256.20 243.00 288.00 8.36 7.30 4-5 (1999) 



Macoma 



Zinc 
All 14 265.14 231.00 322.00 7.62 10.75 1-4 (1998) 
1 9 1.46 0.68 3.18 0.25 50.81 1-5/6/7 (1999)
4 5 1.13 0.79 1.30 0.09 18.27 4-3.1 (1999) Cadmium 



All 14 1.34 0.68 3.18 0.16 45.77 1-5/6/7 (1999)
1 9 4.28 0.50 15.90 1.63 114.43 1-4 (1998) 
4 5 1.64 0.30 6.92 1.32 179.42 4-6 (1998) Chromium 



All 14 3.34 0.30 15.90 1.17 131.09 1-4 (1998) 
1 9 16.42 5.31 78.50 7.82 142.83 1-5/6/7 (1999)
4 5 8.59 8.05 9.30 0.25 6.41 4-3.1 (1999) Copper 



All 14 13.62 5.31 78.50 5.03 138.05 1-5/6/7 (1999)
1 9 0.12 0.04 0.18 0.01 36.48 1-1 (1998) 
4 5 0.07 0.06 0.12 0.01 35.20 4-6 (1998) Mercury 



All 14 0.10 0.04 0.18 0.01 42.07 1-1 (1998) 
1 9 0.95 0.27 2.27 0.20 64.11 1-5 (1998) 
4 5 0.31 0.21 0.38 0.03 20.71 4-3.1 (1999) Lead 



All 14 0.72 0.21 2.27 0.15 79.48 1-5 (1998) 
1 9 4.96 2.00 9.98 0.92 55.51 1-4 (1998) 
4 5 2.84 1.80 6.12 0.82 64.60 4-6 (1998) Nickel 



All 14 4.20 1.80 9.98 0.70 62.06 1-4 (1998) 
1 9 0.09 0.03 0.29 0.03 86.42 1-5/6/7 (1999)
4 5 0.08 0.04 0.09 0.01 25.37 4-1 (1999) Silver 



All 14 0.08 0.03 0.29 0.02 72.93 1-5/6/7 (1999)
1 9 237.00 193.00 360.00 16.74 21.18 1-5/6/7 (1999)
4 5 213.20 189.00 227.00 6.61 6.93 4-3.1 (1999) 



Nephtys 



Zinc 
All 14 228.50 189.00 360.00 11.21 18.35 1-5/6/7 (1999)
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Figure 3-72. Comparison of Zero Time and Control Macoma tissue concentrations for eight heavy metals 
(Zero Time Cruise V data not processed). 



 



0



0.5



1



1.5



2



2.5



3



3.5



4



4.5



5



Cadmium Mercury Silver



M
et



al
s 



(m
g/



K
g)



Zero Time II (1998) Cruise II Control (1998)



0



5



10



15



20



25



30



35



40



45



50



Chromium Lead Nickel



M
et



al
s 



(m
g/



K
g)



Zero Time II (1998) Cruise II Control (1998)



0



50



100



150



200



250



300



350



400



450



500



Copper Zinc



M
et



al
s 



(m
g/



K
g)



Zero Time II (1998) Cruise II Control (1998)



0



0.5



1



1.5



2



2.5



3



3.5



4



4.5



5



Cadmium Mercury Silver



M
et



al
s 



(m
g/



K
g)



Zero Time IV (1999) Cruise IV Control (1999)



0



5



10



15



20



25



30



35



40



45



50



Chromium Lead Nickel



M
et



al
s 



(m
g/



K
g)



Zero Time IV (1999) Cruise IV Control (1999)



0



50



100



150



200



250



300



350



400



450



500



Copper Zinc



M
et



al
s 



(m
g/



K
g)



Zero Time IV (1999) Cruise IV Control (1999)



0



0.5



1



1.5



2



2.5



3



3.5



4



4.5



5



Cadmium Mercury Silver



M
et



al
s 



(m
g/



K
g)



Zero Time V (1999) Cruise V Control (1999)



0



5



10



15



20



25



30



35



40



45



50



Chromium Lead Nickel



M
et



al
s 



(m
g/



K
g)



Zero Time V (1999) Cruise V Control (1999)



0



50



100



150



200



250



300



350



400



450



500



Copper Zinc



M
et



al
s 



(m
g/



K
g)



Zero Time V (1999) Cruise V Control (1999)











 3-109



Figure 3-73. Comparison of Zero Time and Control Nephtys tissue concentrations for eight heavy metals 
(Zero Time Cruise V data not processed). 
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3.2.3.8.1. Tissue Cadmium 
Cadmium concentrations varied between stations, rings and years. Summary statistics are shown 
in Table 3-37. Total tissue concentrations for Macoma and Nephtys ranged from 0.34 to 1.76 
mg/kg and 0.68 to 3.18 mg/kg respectively. Figure 3-74 and Figure 3-75 graphically present total 
dry weight tissue cadmium concentrations. Station 1-5/6/7 had the highest tissue concentrations 
for Macoma (1.67 mg/kg) and Nephtys (3.18 mg/kg). Nephtys tested in sediments from Station 1-
6, like Station 1-5/6/7 located starboard amidships, accumulated the second highest cadmium 
concentration (1.98 mg/kg). Cadmium concentrations standardized to lipid fraction significantly 
correlated with TOC (Table 3-27; r=0.795, p=0.004) for Macoma suggesting a possible ingestion 
accumulation pathway for this species.No strong (as used in the tissue metals presentation, a 
strong correlation is when p<0.05 and r2>0.5) correlations were noted for Nephtys. 



 



Figure 3-74. Dry weight Macoma tissue concentrations for cadmium, lead, mercury and silver. 



Inner and Outer Ring cadmium means were compared using GLM techniques (Section 2.5.12.3). 
Data was successfully normalized for both species by simple log transformations and the results 
of GLM hypothesis testing are presented in Table 3-38 and. Significant differences between 
Inner and Outer Rings are apparent in both species (p≤0.05), with Inner Ring stations showing 
higher concentrations than Outer Ring stations. 
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Figure 3-75. Dry weight Nephtys tissue concentrations for cadmium, lead, mercury and silver. 



Comparisons of average Ring 1 and Ring 4 cadmium tissue data to NOAA Mussel Watch Project 
Status and Trends Mytilus sp. body burdens from four nearshore southern California sites located 
within 125 miles of the ex-AGERHOLM (Table 3-33) show SINKEX averages to be bounded by 
this range of exposed nearshore concentration (1.55 mg/kg Pt Loma Lighthouse to 4.03 mg/kg 
Santa Catalina). The highest Mussel Watch data reported was from Santa Catalina Island (7.7 
mg/kg) and is 2.4 times higher than the highest SINKEX tissue value reported (Nephtys 3.18, 
Station 1-5/6/7). There are no FDA shellfish tissue guidelines for cadmium. 



In summary, there is a significant difference between Inner Ring and Outer Ring stations for 
cadmium in Macoma and Nephtys tissues. Considering the very large reservoir of metals that 
could be potentially available to the environment due to the presence of the ex-AGERHOLM, it 
is not surprising that the test species were able to bioaccumulate cadmium in the presence of the 
ex-AGERHOLM. However, it is important to note that all bioaccumulated cadmium 
concentrations measured fall within the range of published values for exposed nearshore Mussel 
Watch areas. 



3.2.3.8.2. Tissue Chromium 
Chromium followed patterns similar to cadmium, with concentrations varying among individual 
stations, rings and years. Summary statistics are shown in Table 3-37. Total tissue concentrations 
for Macoma and Nephtys ranged from 2.60 to 22.10 mg/kg and 0.30 to 15.90 mg/kg respectively. 
Comparisons of average Ring 1 and Ring 4 chromium tissue data to NOAA Mussel Watch 
Project Status and Trends body burdens (Table 3-33) shows Inner Ring SINKEX averages to be 
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slightly greater than those reported for local exposed nearshore sites (ranging from 1.76 to 4.03 
mg/kg). All Outer Ring station averages fall within the background coastal range. Station 1-7 
located near the major hull break (starboard side) accumulated the highest concentrations for 
Macoma and were approximately 5 times the concentration reported for the highest clean Mussel 
Watch site (Santa Catalina Island). Inner and Outer Ring means were compared using GLM 
techniques (Section 2.5.12.3). Data was successfully normalized for both species by a simple log 
transformation and hypothesis test results are presented in Table 3-38 and Table 3-39. No 
significant differences between the Inner and Outer Rings are apparent in either species 
examined (p>0.05). No strong, significant correlations were noted between chromium and TOC 
or fine particles (Table 3-27). 



Comparisons of average Ring 1 and Ring 4 chromium tissue data to NOAA Mussel Watch 
Project Status and Trends body burdens (Table 3-30) shows Inner Ring SINKEX averages to be 
slightly greater than those reported for local exposed nearshore sites (ranging from 1.76 to 4.03 
mg/kg). All Outer Ring station averages fall within the background coastal range. Station 1-7 
located near the major hull break (starboard side) accumulated the highest concentrations for 
Macoma and were approximately 5 times the concentration reported for the highest clean Mussel 
Watch site (Santa Catalina Island). 



In summary, there are no significant differences between chromium concentrations of Inner Ring 
and Outer Ring stations for both Macoma and Nephtys tissues. 



3.2.3.8.3. Tissue Copper 
Copper concentrations varied between stations, rings and years. Summary statistics are shown in 
Table 3-37. Total tissue concentrations for Macoma and Nephtys ranged from 44.40 to 172.00 
mg/kg and 5.31 to 78.50 mg/kg respectively. Figure 3-76 and Figure 3-77 graphically present 
total dry weight tissue concentrations. Macoma bioaccumulated copper to higher levels than did 
Nephtys in both the Inner and Outer Ring stations. Station 1-5/6/7 had the highest tissue 
concentration for both Macoma (172.00 mg/kg) and Nephtys (78.50 mg/kg). Of the Outer Ring 
stations, 4-5 accumulated the highest concentration for Macoma (95.90 mg/kg) and 4-3.1 for 
Nephtys (9.30 mg/kg). No strong or significant (Table 3-27) correlations to total organic carbon 
or fine sediment particles were noted for Macoma or Nephtys. 



Inner and Outer Ring means were compared using GLM techniques (Section 2.5.12.3). Data was 
successfully normalized for Macoma species by a simple log transformation. Nephtys tissue data 
resisted normalization and hypothesis tests focused on ranked data. Hypothesis test results are 
presented in Table 3-38 and Table 3-39. Macoma tissue concentrations were significantly greater 
(p=0.0047) at the Inner Ring stations, when compared to Outer Ring stations. No significant 
differences were identified for Nephtys (p<0.05). 



Comparisons of average Ring 1 and Ring 4 copper tissue data to NOAA Mussel Watch Project 
Status and Trends body burdens (Table 3-30) show Inner Ring SINKEX averages to be much 
greater than those reported for local exposed nearshore sites (ranging from 6.0 to 12.8 mg/kg). 
Outer Ring station averages for Macoma also exceed these background coastal values suggesting 
higher natural ambient copper levels at these offshore sites. 



In summary, Macoma tissue copper concentrations are significantly greater at the Inner Ring 
than the Outer Ring reference area. Figure 3-76 shows Inner Ring sediment copper 
concentrations to be enriched above reference Outer Ring levels. Copper is abundant in 
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shipboard materials (e.g., antifouling paints, piping) and is suspected to be a contributor to the 
high tissue concentrations observed near the hulk. 



 



Figure 3-76. Dry weight Macoma tissue concentrations for chromium, copper, nickel and zinc. 
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Figure 3-77. Dry weight Nephtys tissue concentrations for chromium, copper, nickel and zinc. 



3.2.3.8.4. Tissue Lead 
Summary statistics for lead are presented in Table 3-37. Total tissue concentrations for Macoma 
and Nephtys ranged from 2.12 to 5.29 mg/kg and 0.21 to 2.27 mg/kg respectively. Figure 3-74 
and Figure 3-75 graphically present total dry weight tissue concentrations. Macoma 
bioaccumulated lead to higher levels than did Nephtys in both the Inner and Outer Ring stations. 
Station 1-3 had the highest tissue concentration for Macoma (5.29 mg/kg). On the opposite side 
of the hulk, Station 1-5 produced the highest tissue lead concentration for Nephtys (2.27 mg/kg). 
Of the Outer Ring stations, 4-6 accumulated the highest concentration for Macoma (5.29 mg/kg) 
and 4-3.1 for Nephtys (0.38 mg/kg). No strong or significant correlations to total organic carbon 
or fine sediment particles were noted for either organism (Table 3-27). 



Inner and Outer Ring concentrations means were compared using GLM techniques (Section 
2.5.12.3). Macoma data was normally distributed and Nephtys concentrations were successfully 
normalized for by a simple log transformation (Table 3-38 and Table 3-39). Hypothesis test 
results are presented in Table 3-38 and Table 3-39. Macoma and Nephtys tissue concentrations 
did not significantly differ between the Inner Ring stations and Outer Ring stations. 



Comparisons of average Ring 1 and Ring 4 lead tissue data to NOAA Mussel Watch Project 
Status and Trends body burdens (Table 3-30) show Inner Ring SINKEX averages to be slightly 
greater than those reported for local exposed nearshore sites (ranging from 0.98 to 3.12 mg/kg). 
Outer Ring station averages were bounded by the clean background coastal values. 



In summary, lead tissue concentrations in Macoma and Nephtys were not significantly different 
between Inner Ring hulk stations and Outer Ring reference stations. Additionally, 
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bioaccumulated lead concentrations are very close to ranges of values published for local 
exposed nearshore areas. 



3.2.3.8.5. Tissue Mercury 
Table 3-37 presents summary statistics for mercury concentrations in the tissues of Macoma and 
Nephtys. Total tissue concentrations for Macoma and Nephtys ranged from 0.21 to 1.01 mg/kg 
and 0.04 to 0.18 mg/kg respectively. Figure 3-74 and Figure 3-75 graphically present total dry 
weight tissue concentrations. Macoma bioaccumulated mercury to higher levels than did Nephtys 
in both the Inner and Outer Ring stations. Station 1-5 (starboard amidships) had the highest 
tissue concentration for Macoma (1.01 mg/kg). On the side opposite of the hulk, Station 1-1 
produced the highest tissue mercury concentration for Nephtys (0.18 mg/kg). Of the Outer Ring 
stations, 4-6 accumulated the highest concentration for Macoma (0.84 mg/kg) and Nephtys (0.12 
mg/kg). Of the Outer Ring stations, 4-6 accumulated the highest concentration for Macoma (0.84 
mg/kg) and Nephtys (0.12 mg/kg). No strong or significant correlations (Table 3-27) to sediment 
fine material or TOC were noted for Macoma and Nephtys. 



Inner and Outer Ring concentrations means were compared using GLM techniques (Section 
2.5.12.3). Table 3-38 presents two additional “standardizations” for mercury, lipid 
standardization (tissue concentrations divided by fractional lipid weight) and log lipid 
standardization (log of tissue concentrations divided by fractional lipid weight), because unlike 
most other metals, mercury has been known to positively correlate with tissue lipids. Non-
normal Macoma data were successfully normalized using a log transformation on lipid 
standardized concentrations (Table 3-38). Nephtys mercury concentrations were normalized by a 
simple log transformation (Table 3-39). Hypothesis test results are presented in Table 3-38 and 
Table 3-39. Macoma and Nephtys tissue concentrations did not significantly differ between the 
Inner Ring stations and Outer Ring stations (p<0.05). 



Comparisons of average Ring 1 and Ring 4 lead tissue data to NOAA Mussel Watch Project 
Status and Trends body burdens (Table 3-33) show Inner Ring SINKEX Macoma mercury 
averages to be approximately twice that of the highest exposed nearshore area (Point Loma 
Lighthouse, 0.372 mg/kg). Macoma Outer Ring and, both Inner and Outer Ring Nephtys 
averages were within the range reported for local exposed nearshore Mussel Watch sites (0.64 to 
3.72 mg/kg). FDA shellfish tissue guidelines for mercury are 1.0 mg/kg wet weight tissue, 
equating to approximately 10 mg/kg dry weight. The highest tissue mercury valued recorded was 
measured in Macoma from Station 1-5 (1.01 mg/kg dry weight) and is well below the current 
FDA action level for shellfish. 



In summary, mercury tissues concentrations in Macoma and Nephtys do not significantly differ 
between Inner Ring hulk stations and Outer Ring reference stations. Additionally, 
bioaccumulated mercury concentrations are very close to ranges of values published for local 
exposed nearshore areas and all measured values are well below current FDA shellfish action 
levels. 



3.2.3.8.6. Tissue Nickel 
Table 3-37 presents summary statistics for nickel concentrations in the tissues of Macoma and 
Nephtys. Total tissue concentrations for Macoma and Nephtys ranged from 7.90 to 23.70 mg/kg 
and 1.80 to 9.98 mg/kg respectively. Figure 3-76 and Figure 3-77 graphically present total dry 
weight tissue concentrations. Macoma bioaccumulated nickel to higher levels than did Nephtys 
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in both the Inner and Outer Ring stations. Station 1-7 had the highest tissue concentration for 
Macoma (23.70 mg/kg). At the starboard bow, Station 1-4 produced the highest tissue nickel 
concentration for Nephtys (9.98 mg/kg). Of the Outer Ring stations, 4-6 accumulated the highest 
concentration for Macoma (11.60 mg/kg) and Nephtys (6.12 mg/kg). For both test organisms, 
nickel concentrations did not significantly correlate with either TOC or with fine sediments 
(Table 3-27). 



Inner and Outer Ring concentration means were compared using GLM techniques (Section 
2.5.12.3). Non-normal Macoma and Nephtys data were successfully normalized using a simple 
log transformation (Table 3-38 and Table 3-39). Hypothesis test results are presented in Table 
3-38 and Table 3-39. Macoma and Nephtys tissue concentrations did not significantly differ 
between the Inner Ring stations and Outer Ring stations (p<0.05). 



Macoma and Nephtys average Ring 1 and Ring 4 nickel tissue data exceed average NOAA 
Mussel Watch Project Status and Trends body burdens (Table 3-30) for clean local coastal sites 
(range 1.366 to 2.254 mg/kg). As noted in the sediment section (3.2.2.4.7), eight Inner Ring 
sediment stations lie outside the 95% predictive interval depicted in Figure 3-52, indicating 
nickel enrichment from the ex-AGERHOLM and possibly explain the reasonably high tissue 
levels at Stations 1-7 and 1-8. 



In summary, nickel tissues concentrations in Macoma and Nephtys do not significantly differ 
between Inner Ring hulk stations and Outer Ring reference stations. Bioaccumulated nickel 
concentrations are generally greater than ranges of values published for local exposed nearshore 
areas. 



3.2.3.8.7. Tissue Silver 
Tissue concentrations of silver were low across all test stations and organisms. Summary 
statistics are shown in Table 3-37. Total tissue concentrations for Macoma and Nephtys ranged 
from 0.39 to 0.54 mg/kg and 0.03 to 0.29 mg/kg respectively. Figure 3-74 and Figure 3-75 
graphically present total dry weight tissue silver concentrations. For both test organisms, 
reference and hulk station sediments produced low bioaccumulation concentrations. Station 1-6 
had the highest tissue concentrations for Macoma (0.54 mg/kg) and Station 1-5/6/7 produced the 
highest Nephtys concentration (0.29 mg/kg). Outer Ring station 4-6 was again the high reference 
station with 0.50 mg/kg. No strong or significant correlations were noted between tissue 
concentrations, TOC and fine sediments for either bioassay organism (Table 3-27). 



Inner and Outer Ring silver means were compared using GLM techniques (Section 2.5.12.3). 
Macoma data was normally distributed; however, Nephtys tissues could not be normalized and a 
rank hypothesis test was necessary. Results of GLM hypothesis testing are presented in Table 
3-38 and Table 3-39. Significant differences between Inner and Outer Rings are not apparent in 
either Macoma or Nephtys (p≥0.05). 



Comparisons of average Ring 1 and Ring 4 silver tissue data to NOAA Mussel Watch Project 
Status and Trends Mytilus sp. body burdens from four exposed nearshore southern California 
sites located within 125 miles of the ex-AGERHOLM (Table 3-30) show SINKEX averages to 
be within the range of exposed reported nearshore concentrations (0.21 mg/kg Oceanside Beach 
Jetty to 18.23 mg/kg Point Loma Lighthouse). The highest Mussel Watch data reported was from 
the Point Loma Lighthouse area (33.75 mg/kg) and is 62.5 times greater than the highest 
SINKEX tissue value reported. 
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In summary, there are no significant differences between Inner Ring and Outer Ring stations for 
silver in Macoma or Nephtys tissues. All bioaccumulated silver concentrations fall within the 
range of published values for exposed nearshore areas. 



3.2.3.8.8. Tissue Zinc 
Typical of marine bioaccumulation studies, zinc was the numerically dominant metal. Summary 
statistics for zinc are shown in Table 3-37. Total tissue concentrations for Macoma and Nephtys 
ranged from 231 to 322 mg/kg and 189 to 360 mg/kg respectively. Figure 3-76 and Figure 3-77 
graphically present total dry weight tissue zinc concentrations. For both test organisms, reference 
and hulk station sediments produced similar bioaccumulation concentrations. Average tissue 
concentrations in Macoma were approximately equal to those of Nephtys for both Ring 1 and 
Ring 4. Station 1-4 had the highest tissue concentrations for Macoma (322 mg/kg) and Station 1-
5/6/7 produced the highest Nephtys concentration (360 mg/kg). Tissue concentrations for the 
Outer Ring were greatest at Stations 4-5 and 4-3.1 (288 and 227 mg/kg respectively). No strong 
or significant correlations (Table 3-27) were noted between tissue concentrations, TOC and fine 
sediments for either bioassay organism. 



Inner and Outer Ring zinc means were compared using GLM techniques (Section 2.5.12.3). 
Macoma data was normally distributed; however, Nephtys could not be normalized requiring 
ranks to be used for hypothesis testing. Results of GLM hypothesis testing are presented in Table 
3-38 and Table 3-39. No significant differences between Inner and Outer Rings are apparent in 
either organism (p≤0.05). 



Comparisons of average Ring 1 and Ring 4 zinc tissue data to NOAA Mussel Watch Project 
Status and Trends Mytilus sp. body burdens from four exposed nearshore southern California 
sites located within 125 miles of the ex-AGERHOLM (Table 3-33) show SINKEX averages to 
be very close to this range of exposed nearshore sites (132 mg/kg Santa Catalina to 203 mg/kg 
Point Loma Lighthouse). 



In summary, there are no significant differences between Inner Ring and Outer Ring stations for 
zinc in Macoma and Nephtys tissues. All bioaccumulated zinc concentrations are close to the 
range of published values for clean local coastal areas. 



3.2.4. Supplementary Exposure Data from Sablefish Analysis 
The full report for the supplementary Sablefish Assessment is provided in its entirety as 
Supplement I. Excerpts from the text and some tables and figures have been brought forward to 
this main document (see Supplement I for full details). The sablefish tissue data were evaluated 
to determine statistical differences between the fish collected from the ship and reference 
locations. The data were tested to determine whether they conformed to a normal distribution.11 
A one-way analysis of variance (ANOVA, Analytical Software 1996) and a nonparametric 
Kruskal-Wallis Χ2 test was conducted to test the null hypothesis that there was no difference 
between sites for total length (mm), total weight (g), dry weight (%), dry weight of lipids (%), 
sum of ECD congeners (ng/g dry), sum of ECD congeners per unit lipid (ng/g lipid), Total PCB 
(ng/g dry), Total PCB per unit lipid (ng/g lipid), Log(sum of ECD congeners (ng/g dry)), 
Log(sum of ECD congeners per unit lipid (ng/g lipid)), Log(Total PCB ng/g), and Log(Total 



                                                 
11 The Lin-Mudhokar test for normality (Analytical Software 1996) was performed on the raw and log10-transformed 
raw data. The null hypothesis – The data are normally distributed – was rejected if the p-value was < 0.05. 
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PCB ng/g lipid) for both muscle and liver tissues. The null hypothesis was rejected if the p-value 
from either the ANOVA or nonparametric test was ≤0.05. Correlation and regression analysis of 
the sablefish data were conducted to evaluate the relationships between body weight, length, 
%lipid content, and Total PCB concentrations. 



The sablefish from the ship site were similar in length (ship sablefish range 450-530 mm) with 
the largest fish being caught from the reference locations (reference sablefish range 455-635 
mm). However, sablefish from the reference locations were significantly heavier by about 20% 
than sablefish from the ship site. There was a strong relationship between length and weight for 
both groups of sablefish, but there was no relationship between weight or length and Total PCB 
ng/g lipid in muscle and liver tissues. Sablefish from both sites had similar dry weight and lipid 
content. The lipid content in liver tissues was about twice as high as the lipid content in the 
muscle tissue.  



There were significantly higher PCBs in the muscle tissues of the sablefish from the ship site 
than from the reference site. The sumECD congeners ng/g dry weight measured in sablefish were 
about 1.7 times higher (p=0.04) than the sablefish from the reference locations (Figure 3-78). 
When the sumECD was normalized to lipid content (ng/g lipid), stronger differences between 
sites were detected (p=0.01) but the magnitude of the difference remained about the same with 
the ship sablefish about 1.6 times higher than the reference sablefish. 



The Total PCB ng/g lipid measured and calculated for sablefish muscle tissues from the ship site 
were also significantly higher than the reference locations by about a factor of 1.48. There were 
very similar concentrations of Total PCB ng/g lipid in the muscle and liver tissues measured 
from the same fish. The very small sample size of liver tissues from the ship site (n=4) limited 
the ability to detect differences in liver PCB concentrations between the sites. Overall larger fish 
were collected from the reference locations than from the ship site, but the ship site had 
specimens with higher PCB concentrations than samples from the reference location. The 
geometric mean and 95% confidence interval calculated for sablefish muscle and liver showed 
that the sablefish from the ship site had significantly higher PCB levels in muscle tissues than the 
sablefish from the reference locations. 



Both the ECD and SIM methods detected very similar distributions of congeners in the muscle 
and liver, with no apparent differences between ship site and reference stations. Of the congeners 
measured, PCB153 and PCB138 were the most abundant, followed by PCB118, PCB180, 
PCB187, PCB101, PCB105, and PCB170. The major difference in the congener distributions 
was that the congeners in the sablefish collected from the ship site were higher than the 
congeners in sablefish from the reference locations. A similar pattern was also observed for the 
homologs. Hexacholorbiphenyl was the most abundant homolog, followed by penta- and 
heptachlorobiphenyl. In comparison to the homolog distribution observed in reef fish sampled 
during the REEFEX study (Johnston et al. 2005a), sablefish had slightly more higher chlorinated 
hexa- and heptachlorobipehnyl and less penta- and tetrachlorobiphenyl than the fish sampled at 
the shallow water ex-VERMILLION and reference reefs off the coast of South Carolina. 
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Figure 3-78. The concentration of PCB determined as the sum of 26 congeners measured by ECD (sumECD) 
in sablefish muscle for individual fish (Top) and the average and standard deviation (Bottom) obtained for 
fish collected from the reference and Ship locations. The sumECD measured in fish from the ship location 
was significantly (p≤0.05) higher than fish from the reference location. 



In summary, the exposure assessment found that sablefish sampled from the ex-AGERHOLM 
(ship) site had statistically higher concentrations (by a factor of 1.4-1.5) of PCBs than sablefish 
sampled from reference locations about 4 nm away from the ship. Sablefish from the ship site 
were similar in length to sablefish from the reference locations, but the sablefish from the 
reference site were 20% heavier than sablefish from the ship site. There was no relationship 
between weight or length and Total PCB and sablefish from both sites had similar dry weight 
and lipid content. The distribution of congeners and homologs measured in the sablefish from 
both sites were very similar, with the main difference that congeners and homologs in sablefish 
from the ship site were about 1.5 times higher than levels measured in sablefish from the 
reference locations.  
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Table 3-38. Two-way comparison of SINKEX Rings (1 and 4, cruises 1998-1999) for Macoma Tissue Metals. 



Macoma GLM Hypothesis Test Results Normality Test Results 



Total Metals 
Measurement 



Transformation 
Standardization 



Method 



Inner-Ring 
Comparison 
(different if 



<0.05) 



Inter-Cruise 
Comparison 
(different if 



<0.05) 



Ring-Cruise 
Interaction 



(important if 
<0.05) 



Shapiro-
Wilks Value



Probability 
of Non-
Normal 



Distribution 
(non-normal 



if <0.05) Distribution 



Log Concentration 0.0187 0.1231 0.0104 0.9065 0.1402 Normal 
None 0.0004 0.0029 0.0003 0.7174 0.0006 Non-Normal Cadmium 
Rank 0.1307 0.6931 0.1398 0.9565 0.6646 Normal 



Log Concentration 0.3064 0.1132 0.6756 0.9204 0.2228 Normal 
None 0.5166 0.3797 0.6400 0.7173 0.0006 Non-Normal Chromium 
Rank 0.1331 0.0206 0.8125 0.9624 0.7626 Normal 



Log Concentration 0.0047 0.8708 0.0017 0.9315 0.3206 Normal 
None 0.0006 0.1217 0.0002 0.8735 0.0470 Non-Normal Copper 
Rank 0.0419 0.8740 0.0348 0.9645 0.7964 Normal 



Log Concentration 0.6877 0.0008 0.0802 0.9023 0.1220 Normal 
None 0.9559 0.0009 0.1061 0.9116 0.1660 Normal Lead 
Rank 0.5627 0.0007 0.0626 0.9645 0.7964 Normal 
Lipid 0.9356 0.0076 0.5365 0.9175 0.2023 Normal 



Log Concentration 0.3599 0.0000 0.4051 0.7763 0.0026 Non-Normal 
Log Lipid 0.8366 0.0013 0.3215 0.9218 0.2333 Normal 



None 0.6932 0.0000 0.8348 0.8243 0.0101 Non-Normal 
Mercury 



Rank 0.5389 0.0098 0.5389 0.9645 0.7964 Normal 
Log Concentration 0.3997 0.1733 0.9844 0.8951 0.0958 Normal 



None 0.4960 0.2927 0.8622 0.7948 0.0043 Non-Normal Nickel 
Rank 0.3052 0.0303 0.5616 0.9645 0.7964 Normal 



Log Concentration 0.7243 0.0876 0.1837 0.9157 0.1907 Normal 
None 0.8149 0.0591 0.1821 0.9337 0.3431 Normal Silver 
Rank 0.9081 0.0566 0.1793 0.9610 0.7399 Normal 



Log Concentration 0.5425 0.8662 0.6752 0.9210 0.2274 Normal 
None 0.5464 0.9031 0.6569 0.9054 0.1350 Normal Zinc 
Rank 0.5459 0.6373 0.8923 0.9645 0.7964 Normal 



Values in bold provide best normalization of raw data. 
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Table 3-39. Two-way comparison of SINKEX Rings (1 and 4, cruises 1998-1999) for Nephtys Tissue Metals. 



Nephtys GLM Hypothesis Test Results Normality Test Results 



Total Metals 
Measurement 



Transformation 
Standardization 



Method 



Inner-Ring 
Comparison 
(different if 



<0.05) 



Inter-Cruise 
Comparison 
(different if 



<0.05) 



Ring-Cruise 
Interaction 



(important if 
<0.05) 



Shapiro-
Wilks Value



Probability 
of Non-
Normal 



Distribution 
(non-normal 



if <0.05) Distribution 



Log Concentration 0.0077 0.0065 0.2108 0.9171 0.1994 Normal 
None 0.0008 0.0009 0.0137 0.7538 0.0014 Non-Normal Cadmium 
Rank 0.0866 0.0658 0.8721 0.9645 0.7964 Normal 



Log Concentration 0.7790 0.0027 0.3420 0.9133 0.1759 Normal 
None 0.7635 0.1240 0.7239 0.7254 0.0007 Non-Normal Chromium 
Rank 0.9478 0.0034 0.2314 0.9367 0.3778 Normal 



Log Concentration 0.0006 0.0004 0.0007 0.6639 0.0002 Non-Normal 
None 0.0000 0.0000 0.0000 0.4005 0.0000 Non-Normal Copper 
Rank 0.2736 0.1261 0.5316 0.9645 0.7964 Normal 



Log Concentration 0.1381 0.3635 0.0518 0.9334 0.3400 Normal 
None 0.3452 0.4239 0.2677 0.8139 0.0075 Non-Normal Lead 
Rank 0.2065 0.3938 0.0174 0.9645 0.7964 Normal 
Lipid 0.7800 0.0535 0.3877 0.9161 0.1933 Normal 



Log Concentration 0.1612 0.0002 0.0949 0.9519 0.5903 Normal 
Log Lipid 0.6672 0.0017 0.1251 0.9828 0.9879 Normal 



None 0.6914 0.0046 0.3825 0.9671 0.8357 Normal 



 
Mercury 



Rank 0.7314 0.0038 0.3739 0.9645 0.7964 Normal 
Log Concentration 0.6961 0.0107 0.7180 0.9131 0.1745 Normal 



None 0.8184 0.0584 0.8293 0.8446 0.0188 Non-Normal Nickel 
Rank 0.4801 0.0021 0.6872 0.9610 0.7399 Normal 



Log Concentration 0.0027 0.0003 0.0567 0.8651 0.0359 Non-Normal 
None 0.0000 0.0000 0.0000 0.5860 0.0000 Non-Normal Silver 
Rank 0.1495 0.0084 0.9608 0.9557 0.6526 Normal 



Log Concentration 0.0004 0.0004 0.0208 0.7884 0.0036 Non-Normal 
None 0.0001 0.0001 0.0031 0.7025 0.0004 Non-Normal Zinc 
Rank 0.6536 0.0129 0.4187 0.9645 0.7964 Normal 



Values in bold provide best normalization of raw data. 



 



3.3. Characterization of Ecological Effects from COCs 
Consistent with the Characterization of Exposure, the Characterization of Ecological Effects 
focused on whether there was a detectable effect from the vessel, and this question was evaluated 
by determining whether there was a statistically significant difference between Inner Ring and 
Outer Ring stations. The three lines of evidence from the Decision Matrix used in this section 
were (1) sediment toxicity, (2) sediment chemistry, and (3) sediment bioaccumulation. Sediment 
toxicity is discussed first and is a direct measurement of effects, while the other two lines reflect 
estimations of effects based on exposure data previously discussed. 
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3.3.1. Sediment Toxicity in Surrogate Benthic Organisms for Benthic Infauna 
Endpoint 



Results of the solid phase bioassays for Rhepoxynius abronius (survival and reburial) and 
Neanthes arenaceodentata (survival and growth) are summarized in Table 3-40 and Table 3-41, 
respectively (presented at the end of this section due to their large size). Percent survival data for 
bioaccumulation test organisms are shown in Figure 3-79 (Rhepoxynius abronius) and Figure 
3-80 (Neanthes arenaceodentata) and presented in Table 3-42. Evaluation of toxicity test results 
and determination of toxicity was based on criteria from the Ocean Testing Manual 
(USEPA/USACE, 1991). It was decided that sediment toxicity would be indicated if any one of 
the following three criteria was met: 



• Mean survival of Rhepoxynius abronius for the Inner Ring (Ring 1) was statistically 
lower than that of the Outer reference Ring (Ring 4) and this mean survival at the Inner 
Ring was reduced by ≥20% relative to the mean survival observed for the Outer reference 
Ring: 



• Mean survival of Neanthes arenaceodentata for the Inner Ring (Ring 1) was statistically 
lower than that of the Outer reference Ring (Ring 4) and this mean survival at the Inner 
Ring was reduced by ≥10% relative to the survival observed for the Outer reference Ring; 



• Growth of Neanthes arenaceodentata was statistically lower for the Inner Ring (Ring 1) 
than that of the Outer reference Ring (Ring 4). Only statistical significance is addressed 
for Neanthes growth since the relationship between growth and biologically significant 
effects has not been established. 



Figure 3-79. Rhepoxynius abronius survival. 
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Figure 3-80. Neanthes arenaceodentata survival. 



Nephtys caecoides and Macoma nasuta tests are used for the longer-term bioaccumulation 
analysis. Survival of these two organisms is not part of the decision criteria. Results indicated 
overlapping survival for Nephtys among Inner Ring stations (63-89% survival) compared with 
Outer Ring stations (64-94% survival) and narrower ranges for Macoma, 93-100% and 97-100% 
survival for Inner and Outer Ring, respectively. 



The results of the statistical testing for toxicity and an analysis of the criteria used to indicate 
toxicity are presented in Table 3-43 and Table 3-44. Based upon Criteria 1-3 there were no 
statistically AND biologically significant responses when comparing Inner Ring versus Outer 
Ring for any of the biological toxicity measurements, except for the growth of Neanthes 
arenaceodentata. This indicates that the test organisms in sediments 1-2 m from the target vessel 
responded similarly to the organisms in sediments 1 km away from the target vessel in all cases 
except for reduced growth rates of the polychaete Neanthes. Issues related to growth 
measurements during this test are discussed below. 



Also, based upon Criteria 1-3 there were no statistically and biologically significant responses 
among the measurement endpoints of Rhepoxynius reburial after 10 days of sediment exposure 
or Neanthes survival after 28 days of exposure or for Macoma and Nephtys survival during the 
bioaccumulation testing utilizing sediments from any of the stations within 1-2 m of the target 
vessel. Rhepoxynius reburial is used as an indicator that the amphipods survival test was 
conducted properly and not for determining toxicity (i.e., failure to rebury would invalidate the 
toxicity test). There was however, a single instance of obvious reduction in Rhepoxynius survival 
at one station (Station 1-6). Neanthes growth in sediments from all of the Inner Ring stations was 
also statistically significantly lower than the growth of these organisms when exposed to 
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sediments from the Outer Ring stations (Table 3-43 and Table 3-44). Both of these endpoint 
results can be explained by reasons other than toxicity. 



The observed difference in growth for Neanthes exposed to sediments from the Inner Ring 
compared to those exposed to sediment from the Outer Ring should not be considered indicative 
of sediment toxicity for four main reasons: 



1. There was a statistically significant difference in the starting mean weight of Neanthes 
available for conducting growth tests for the different SINKEX cruises. Neanthes growth 
is measured through increases in worm biomass as opposed to worm length. There is only 
one supplier of Neanthes for bioassay studies; consequently availability and size of 
organisms is variable, which resulted in different initial worm weights for the two chronic 
toxicity-testing events in this study. Additionally, the decision was made to collect 
reference sediments for each cruise from the same location, so that test comparisons to 
reference sediments could be made. Unfortunately, difficulties in sediment sampling 
around the ex-AGERHOLM (e.g., phosphatized sediments and gravels made sample 
collection difficult, additional factors included heavy seas, equipment problems, cycle 
time for sample collection, and time to relocate to new sampling area) precluded a 
balanced sampling design over time. During Cruise II in September 1999 eight Inner 
Ring stations and one Outer Ring station were sampled and the sediments tested and the 
average initial weight of the worms was 0.1015 mg, Cruise IV September 1999 sampled 
four Outer Ring stations and the average initial worm weight for the first chronic test was 
0.298 mg (almost three times the average weight of worm used to characterize the Inner 
Ring during Cruise II), and Cruise V November 1999 sampled only one Inner Ring 
station and the average initial weight of the worms for the second chronic test was 0.555 
mg (considerably larger than either of the two earlier cruises). A t-Test on mean size for 
Cruise II (mostly Inner Ring stations) and Cruise IV (exclusively Outer Ring stations) 
found that the worms used for Cruise IV growth tests were significantly larger (p<0.014) 
than those used for Cruise II tests. Thus, when comparing Inner Ring stations (mostly 
Cruise II small worms) against Outer Ring stations (mostly Cruise 4 medium size worms) 
it is not surprising that the Outer Ring ended up with larger worms and larger daily 
growth rates and produced a statistically significant result indicating greater growth for 
the Outer Ring. This significant result for greater growth for the Outer Ring was because 
significantly larger worms (greater biomass) were used for Cruise IV Outer Ring 
sediments. Consequently, the statistical test for Neanthes growth between Inner and 
Outer Ring reflects the initial starting weight of the worms and is not an appropriate 
assessment of potential toxicity. 



2. Figure 3-81 provides a graphical view of the differences in average growth rates for 
Cruises II and IV and shows the growth rates for all stations for all three cruises. This 
figure illustrates that the growth rates for all stations, both near and far field (except 
Station 1-4) were less than control growth rates. Furthermore, growth relative to control 
was depressed about 17% for the Inner Ring while Outer Ring growth rates were 
depressed by about 30%. Thus, the general conclusion is that when worm size is 
considered in the evaluation for potential sediment toxicity, the sediments from the Inner 
Ring appear to be less harmful than those at the Outer Ring, supporting the contention 
that there is no evidence of sediment toxicity for the sediments nearest the vessel. 
Additionally, Neanthes growth at Station 1-6, the station with reduced Rhepoxynius 
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abronius survival, was about average for the Inner Ring stations, but greater than the 
average for the Outer Rings stations. This would suggest that sediments at Station 1-6 
exhibit no toxicity as indicated by Neanthes growth. 



Figure 3-81. Neanthes arenaceodentata growth rates (RPD=Relative Percent Difference). 



3. An analysis of the 8 Inner Ring stations of Cruise II against the one Outer Ring station 
sampled at the same time (Station 4-6, which for this test is considered to represent 
reference sediment) found no significant difference (p=0.569 Dunnett’s T test) in growth 
for the individual Inner Ring stations compared to the one Outer Ring station 4-6. This 
comparison is valid as the starting weights of the worms from the Inner Ring were the 
same as that for the Outer Ring Station 4-6. This would indicate that the Inner Ring 
sediments did not significantly affect Neanthes growth and therefore, no toxicity is 
indicated. 



4. Neanthes growth could be affected by differences in grain size, organic carbon content, 
or chemical contaminants in the sediments. There were significant differences between 
the Inner and Outer Ring for grain size measures and some sediment contaminants (Cd, 
Cu, Ni, Ag, in Table 3-24); therefore some differences in growth might be expected. 
Sediments for the Inner Ring stations had significantly more gravel (Figure 3-5), greater 
median grain size (mm) (Figure 3-8), significantly less silt (Figure 3-7) and sand (Figure 
3-6), and significantly higher concentrations of Cd, Cu, Ni and Ag (3.2.2.4.10). That 
some of these differences could affect Neanthes growth is suggested by the regression 
analysis that shows significant and strong negative correlations with % gravel (r2=0.58, 
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p=0.004), significant but weaker correlations with median grain size in mm (r2=0.27, 
p=0.058), and a positive correlation with % silt (r2=0.44, p=0.01) (Figure 3-82). As 
would be expected from these results the fine grain size PCA factor 2 was also weakly 
correlated (r2=0.36, p=0.023) with Neanthes growth. Finally, PCA factor 3, which 
included Cd and Cu, and PCA factor 1, which included Ni, Ag, and TOC, were both 
poorly correlated with growth and non significant (r2=0.10 and r2=0.06, respectively). 
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Figure 3-82. Regression of Neanthes arenaceodentata growth with grain size measures. 
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3.3.1.1. Confounding Factors Potentially Affecting Toxicity and Bioassay Results 
Table 3-45 and Table 3-46 list the results of the laboratory analyses for grain size and carbon by 
station and survey, respectively. Table 3-47 presents the results for testing the grain size 
measures for compliance with ANOVA normality assumptions and whether the data was 
transformed. Table 3-48 presents the results of the statistical testing for grain size, organic and 
inorganic carbon parameters. The Inner Ring had significantly more gravel (24.4%) than the 
Outer Ring (4.4%) and consequently the median grain size for the Inner Ring was significantly 
greater, almost double that of the Outer Ring. Because the Inner Ring sediments had more 
gravel, they also had significantly less sand (51.7%) and silt (10.9%) than the Outer Ring (65.5% 
sand 18.0% silt). Thus, the Inner Ring sediments are coarser having larger particle sizes and 
fewer of the finer sediments than the Outer Ring. This represents a significant and striking 
physical difference between the sedimentary environments near the vessel compared to the 
reference areas. This physical difference in turn could affect the infaunal community, 
partitioning of contaminants to sediment particle surfaces, and bioavailability. Furthermore, total 
organic carbon (TOC) was about 2.1 times greater for the Inner Ring compared to the Outer 
Ring, and while this was not statistically significant (p=0.078) at the p<0.05 level, it is close to 
statistical significance and the higher TOC values for the Inner Ring may indeed have biological 
significance 



What is unusual about these results is that typically TOC values are highly correlated with fine 
sediment fractions, but not at the ex-AGERHOLM study sites. This lack of a strong correlation 
between sediment fines and TOC concentrations is perhaps an indication that the TOC measured 
in this study was not detrital TOC closely associated with fine sediment particles but was, in part, 
a measure of the biomass of foraminifers, which comprised a significant portion of the sediment 
matrix. This is supported to some extent by the high proportion of CaCO3 in the sediments, 
which appear to result from the abundant tests (i.e. shells) of both living and dead foraminifers. 
However, there was no statistical difference between the Inner and Outer Ring for CaCO3 
content to support the hypothesis that higher TOC values in the Inner Ring were due to greater 
foraminifera biomass. It could be hypothesized that the Outer Ring had fewer live foraminifers 
than the Inner Ring, possibly accounting for the greater amount of TOC at the Inner Ring, but 
quantifying living foraminifera was not an objective of the study and this determination was not 
made. 



The original and reanalyzed TOC values from Cruise II were also on the average fairly similar, 
except in the case of the larger TOC values noted in the original set of data (those exceeding 
~6% in the original data). In the five cases of TOC values in excess of 6% during the original 
analysis, all were found to have less TOC during the reanalysis. During the review of the TOC 
data it was also noted that two different instruments with slightly different protocols had been 
used for determining TOC concentrations. Samples from Cruise II, September 1998, had utilized 
a Carlo-Erba analyzer that analyzed a 10 mg sediment sample. In contrast, samples from Cruises 
4 and 5 utilized a Shimadzu analyzer that analyzed a 200 mg sediment sample. Reanalysis of 
sediment samples utilized only the Shimadzu analyzer and protocol. Reanalysis of sediment 
samples that were originally analyzed using the Shimadzu instrument found relatively minor 
differences, which generally were slightly lower (~94% of the original TOC determination). But 
reanalysis of the selected samples from Cruise II, which were originally analyzed using the 
Carlo-Erba instrument found larger differences. For example, three of the four samples that 
originally had TOC concentrations greater than 6% were found to have TOC concentrations that 
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were only 33-70% of the original values. However, in the fourth sample there was essentially no 
difference between the two methods (Table 3-49). In fact, the average concentration for the 
original measurements of TOC was ~142% of the reanalyzed values on the Shimadzu 
instrument. The smaller samples analyzed using the Carlo-Erba instrument appear to have 
overestimated the TOC concentrations, probably indicating a bias created from intersample 
variation and/or selection of more organically enriched particles during the initial measurements. 
Table 3-46 lists the TOC values used for the analyses in this report, and includes the remeasured 
values for most of the Inner Ring stations. However, a retesting for statistical differences 
between the Inner and Outer Ring was still not significant. 



The results of ANOVA analysis testing for differences between Inner and Outer Ring stations 
showed no significant differences for the sediment measures percent clay, percent silt-clay, 
percent TOC, and percent calcium carbonate for the original sets of data (Table 3-48). Similarly, 
there was no difference between the rings for Rhepoxynius abronius reburial, Neanthes 
arenaceodentata survival, Macoma nasuta survival, or Nephtys caecoides survival (Table 2-11). 
However, the Inner Ring had significantly more gravel and less sand and silt, and this resulted in 
the median grain size being significantly greater for the Inner Ring. The Inner Ring also had 
significantly greater concentrations of Cd, Cu, Ni, and Ag, but showed no difference for total 
PCBs and PAHs. Differences in grain size measures as well as sediment contaminants can 
influence bioassay/toxicity endpoints because test organisms have preferred sediment sizes (e.g., 
DeWitt et al. 1988). In general, the test organism that was selected, Rhepoxynius abronius, seems 
to prefer coarser grained sediment. It generally demonstrates increased toxicity under finer 
grained sediment conditions. However, the sediments tested for this study are not only coarser 
but also contain higher levels of carbonate, whose effects have not been studied or addressed.  



Neanthes arenaceodentata growth was statistically higher for the Outer Ring stations compared 
to the Inner Ring stations. As explained previously, the apparent higher growth rate for Neanthes 
in the Outer Ring was primarily due to utilizing different size worms and the differences in 
sediment grain size measures between the Inner and Outer Ring. When site worms were 
compared in relative ratios to their respective controls, the Inner Ring worms actually grew more 
than their Outer Ring counterparts. Further, when Neanthes growth for Cruise II was tested 
relative to reference (Stations 4-6) there was no statistical difference in growth. 



Survival of Rhepoxynius abronius was significantly greater for the Outer compared to Inner Ring 
stations (Table 3-43 and Figure 3-79), but the difference in survival was only 10% and not 20%, 
which would indicate the lack of biologically significant toxicity as defined by Ocean Disposal 
criteria (Table 3-44). The lower survival of Rhepoxynius abronius could also be influenced by 
physical characteristics of the sediments. Outer Ring sediments have a higher proportion of sand 
and silt (83.5%), with generally low percentages of gravel (4.4%), while Inner Ring sediments 
have less sand and silt (62.6%) and significantly more gravel (24.4%) (Figure 3-83, Figure 3-84 
and Table 3-45). The higher sand silt content and low proportion of gravel may be more 
favorable to survival of this species. Rhepoxynius abronius prefers sandy sediments and is 
known to be adversely affected by fine sediments with high clay content but the influence of 
higher percentages of gravel or carbonates content is unknown (DeWitt et al. 1988). 



Regression analyses were run for Rhepoxynius abronius survival with grain size measures 
(percent gravel, sand, silt, clay, and median phi), as well as the PCA factors that included 
sediment contaminants. For the individual parameter regressions, Rhepoxynius abronius survival 
showed a significant and strong positive correlation (r2=0.67, p=0.0003) with percent sand and a 
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significant but weak negative correlation (r2=0.29, p=0.039) with percent clay (Figure 3-85). 
None of the PCA factors showed a significant correlation with survival. Station 1-6 (Cruise II) 
had the lowest Rhepoxynius survival (65%) of any station tested (Table 3-40). Station 1-6 also 
had the lowest proportion of sand (39.4%) and highest clay content (28.3%), compared with 
other stations (Table 3-45). 



The regression analysis indicates that these grain size measures may affect Rhepoxynius survival. 
Survival in less than preferred sediment sizes may stress organisms and directly affect their 
survival or sensitivity to contaminants. Furthermore, the significant decrease in Rhepoxynius 
survival for the Inner Ring appears to be due to the low survival observed at Station 1-6. The low 
survival at Station 1-6 appears to result from the low proportion of preferred sandy sediments, 
which appears to be a consequence of Station 1-6 sediments having high proportions of gravel 
and silt, and not from toxicity due to contaminants. Survival may also be influenced by lack of 
food, such as not enough TOC or low TOC quality. The effect of high CaCO3 in the sediments 
(particularly in the Outer Ring) on survival is unknown. Finally, we must consider that the 
Rhepoxynius toxicity at station 1-6 (65% survival) may be due to additive or synergistic toxicity 
from the combination of contaminants measured and those that were not investigated/suspected. 
However, though PCBs were elevated in the Inner Ring sediments, they were far below 
benchmark effects levels. Additional evidence supporting that PCBs did not cause toxicity at 
Station 1-6 includes the following facts: (1) there was no significant regression or correlation 
with PCA factor 3 (which included total PCB concentrations), (2) Station 1-7 (with 89% 
survival) appears to be more contaminated than 1-6, yet it does not meet the threshold for 
toxicity, and (3) the apparent lack of effects on Neanthes growth at this station. 
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Figure 3-83. Sediment percent gravel content, Inner and Outer Ring stations. 



 



Figure 3-84. Sediment median grain size, Inner and Outer Ring stations. 
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Figure 3-85. Regression of Rhepoxynius abronius survival with grain size measures. 



One final concern about Rhepoxynius survival was the concentration of ammonia during the 
toxicity testing. Ammonia is of concern because at high concentrations this compound is toxic to 
most test organisms. Table 3-50 lists the initial and final interstitial porewater concentration for 
the Rhepoxynius bioassay. Both initial and final ammonia porewater concentrations were very 
low, as were ammonia concentrations in the overlying waters and, therefore, determined not to 
be a factor contributing to lower survival. 



3.3.1.2. Conclusions 
Significant differences were found between the Inner and Outer Ring stations relative to 
Rhepoxynius abronius survival, Neanthes arenaceodentata growth, grain size measures, and four 
sediment metals (Cd, Cu, Ni, and Ag). Sediments from the Inner Ring had significantly more 
gravel, greater median grain size, higher CaCO3, less sand and silt, and higher concentrations for 
the four metals than the Outer Ring. These differences have the potential to affect the 
bioassay/toxicity results. Rhepoxynius survival was significantly lower for the Inner Ring 
compared to the Outer Ring, but survival was only 10% lower for the Inner Ring. Therefore, 



R
2



= 0.67



40



50



60



70



80



90



100



30 40 50 60 70 80



Sand (%)



S
u
r
v
i
v
a
l
 
(
%



)



Inner Ring Outer Ring



R
2



= 0.29



40



50



60



70



80



90



100



0 5 10 15 20 25 30



Clay (%)



S
u
r
v
iv



a
l 
(
%



)



Inner Ring Outer Ring











 3-133



based upon Ocean Disposal guidelines, this difference is not considered indicative of 
biologically significant toxicity. Survival would have to be 20% lower in order for the sediments 
to be considered to have biologically significant toxicity. Lower Rhepoxynius survival for the 
Inner Ring appears to be due mostly to a significant difference in grain size measures between 
the two Rings, and not to differences in sediment contaminants. Lower growth for Neanthes at 
the Inner Ring was due to differences in the size of worms available at the different times the 
tests were conducted. However, relative comparisons to controls showed better growth 
performance for the Inner Ring, and the Inner Ring comparison to the one Outer Ring station (4-
6) that used the same worms showed no difference. There may also be a relationship between 
reduced growth rates and available TOC. Statistical testing for differences in growth relative to a 
reference station (Station 4-6) for Cruise II found no significant difference in Neanthes growth 
when exposed to Inner Ring sediments compared to Outer Ring Station 4-6. Based on these 
bioassay/toxicity results, the COCs associated with the ex-AGERHOLM appear not to pose a 
significant risk to biota in the area. 



Considering the Infanual Community evaluation, stations having reductions in the number of 
species and/or abundance and decreased diversity or increased dominance by a few species could 
be a response to physical disturbance, toxicity, or reduction in food supply, and/or food quality 
and availability at these locations. To determine whether the decreased number of species and 
abundance at the Inner Ring are related to changes in food quality and availability, toxicity, or 
simply disturbance, the results of the toxicity and bioaccumulation studies were re-evaluated. 
The assumption was that if the infaunal community was being adversely impacted by sediment 
factors then the toxicity testing (to be reviewed in the following section) should correlate with 
infaunal community changes. However, the toxicity testing would not distinguish between the 
presence of toxicants in the sediment, or lack of food in these sediments, because either 
condition could result in adverse effects. There was, however, no demonstrated toxicity at these 
stations. The observation of reduced infaunal community measures (e.g., Stations 1-4, 1-3, 1-1, 
1-5, and 1-8) coupled with the lack of toxicity (following section) for these stations is strongly 
suggestive that sediment contaminants are not causing these reductions and other factors related 
to site differences, such as grain size, TOC, sediment disturbances and “reef effects,” are more 
plausible explanations. Similarly, while laboratory toxicity was indicated for Station 1-6, there is 
no supporting evidence that the infaunal community at this station was affected. This supports 
the contention that the reduction of Rhepoxynius abronius survival at this location was most 
likely due to factors other than toxicity associated with the contaminant. 
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Table 3-40. Survival and reburial for Rhepoxynius abronius. Results are listed by station and replicate, with 
the mean and standard deviation for each station included. 



Survival (%) Reburial (%) 
Station Replicate Survival Mean Standard 



Deviation Reburial Mean Standard 
Deviation 



Survey - September 1998 
1 80 100 
2 95 100 
3 90 100 
4 95 100 



1-1 



5 75 



87 0.091 



100 



100 0 



1 80 100 
2 85 100 
3 90 100 
4 80 100 



1-2 



5 95 



86 0.065 



95 



99 0.024 



1 100 100 
2 80 100 
3 85 94 
4 95 84 



1-3 



5 80 



88 0.091 



100 



96 0.069 



1 95 100 
2 85 100 
3 65 100 
4 95 100 



1-4 



5 70 



82 0.140 



100 



100 0 



1 65 92 
2 80 100 
3 95 100 
4 90 100 



1-5 



5 75 



81 0.119 



100 



98 0.034 



1 60 100 
2 50 90 
3 85 88 
4 75 93 



1-6 



5 55 



65 0.146 



100 



94 0.055 



1 95 100 
2 95 100 
3 90 100 
4 70 100 



1-7 



5 95 



89 0.108 



100 



100 0 



1 90 100 
2 80 100 
3 85 100 
4 75 100 



1-8 



5 90 



84 0.065 



100 



100 0 



1 100 100 
2 90 100 
3 100 100 
4 100 100 



4-6 



5 100 



98 0.045 



100 



100 0 



(continued) 
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Table 3-40. Continued. 



Survival (%) Reburial (%) 
Station Replicate Survival Mean Standard 



Deviation Reburial Mean Standard 
Deviation 



Survey - September 1999 
1 90 100 
2 90 100 
3 90 100 
4 90 94 



4-1 



5 80 



88 0.045 



100 



99 0.025 



1 80 94 
2 90 100 
3 95 100 
4 85 94 



4-2 



5 95 



89 0.065 



95 



97 0.032 



1 85 100 
2 95 100 
3 90 100 
4 100 100 



4-3.1 



5 100 



94 0.065 



95 



99 0.022 



1 100 100 
2 90 100 
3 95 100 
4 90 100 



4-5 



5 95 



94 0.042 



100 



100 0 



Survey - November 1999 
1 90 100 
2 80 100 
3 85 100 
4 95 95 



1-5/6/7 



5 90 



88 0.057 



100 



99 0.024 
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Table 3-41. Survival and Growth for Neanthes arenaceodentata. Results are listed by station and replicate, 
with mean and standard deviation for each station included. 



Survival (%) Growth (mg/day) 
Station Replicate Survival Mean Standard 



Deviation Growth Mean Standard 
Deviation 



Survey - September 1998 
1 100 0.105
2 100 0.062
3 100 0.073
4 100 0.108
5 100 0.072
6 100 0.092
7 100 0.134
8 100 0.124
9 100 0.094



1-1 



10 100 



100 0 



--



0.096 0.024 



1 100 0.061
2 100 0.171
3 100 0.107
4 100 0.147
5 100 0.120
6 100 0.022
7 100 0.076
8 100 0.072
9 100 0.069



1-2 



10 100 



100 0 



0.112



0.096 0.044 



1 100 0.108
2 100 0.060
3 100 0.103
4 100 0.063
5 100 0.112
6 100 0.129
7 100 0.146
8 100 0.081
9 100 0.111



1-3 



10 100 



100 0 



0.043



0.096 0.033 



1 100 0.097
2 100 0.100
3 100 0.109
4 100 0.095
5 100 0.101
6 100 0.156
7 100 0.130
8 100 0.087
9 100 0.129



1-4 



10 100 



100 0 



0.133



0.114 0.022 



1 100 0.117
2 100 0.084
3 100 0.068
4 0 --
5 100 0.089
6 100 0.111
7 100 0.123
8 100 0.141
9 100 0.137



1-5 



10 100 



90 0.316 



0.053



0.103 0.031 



(continued) 
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Table 3-41. Continued. 



Survival (%) Growth (mg/day) 
Station Replicate Survival Mean Standard 



Deviation Growth Mean Standard 
Deviation 



Survey - September 1998 (Continued)
1 100 0.090
2 100 0.172
3 100 0.076
4 100 0.135
5 100 0.074
6 100 0.167
7 0 --
8 100 0.123
9 100 0.119



1-6 



10 100 



90 0.316 



0.093



0.116 0.037 



1 100 0.141
2 100 0.130
3 100 0.109
4 100 0.080
5 100 0.149
6 100 0.064
7 100 0.037
8 100 0.032
9 100 0.112



1-7 



10 100 



100 0 



0.108



0.096 0.041 



1 100 0.093
2 100 0.060
3 100 0.058
4 100 0.119
5 100 0.106
6 100 0.049
7 100 0.097
8 100 0.116
9 100 0.098



1-8 



10 100 



100 0 



0.095



0.089 0.025 



1 100 0.054
2 100 0.047
3 100 0.100
4 100 0.086
5 100 0.083
6 100 --
7 100 0.090
8 0 --
9 100 0.130



4-6 



10 100 



90 0.316 



0.121



0.089 0.029 



Survey - September 1999
1 100 0.112
2 100 0.110
3 100 0.163
4 100 0.097
5 100 0.085
6 100 0.125
7 100 0.118
8 100 0.172
9 100 0.180



4-1 



10 100 



100 0 



0.126



0.129 0.032 



(continued) 
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Table 3-41. Continued. 



Survival (%) Growth (mg/day) 
Station Replicate Survival Mean Standard 



Deviation Growth Mean Standard 
Deviation 



Survey - September 1999 (Continued)
1 100 0.128
2 100 0.111
3 100 0.148
4 100 0.176
5 100 0.097
6 100 0.200
7 100 0.174
8 100 0.148
9 100 0.180



4-2 



10 100 



100 0 



0.160



0.152 0.033 



1 100 0.153
2 100 0.163
3 100 0.102
4 100 0.150
5 100 0.138
6 100 0.184
7 100 0.090
8 100 0.193
9 100 0.115



4-3.1 



10 100 



100 0 



0.141



0.143 0.033 



1 100 0.104
2 100 0.108
3 100 0.142
4 100 0.168
5 100 0.131
6 100 0.149
7 100 0.146
8 100 0.228
9 100 0.111



4-5 



10 100 



100 0 



0.214



0.150 0.043 



Survey - November 1999
1 100 0.083
2 100 0.065
3 100 0.090
4 100 0.070
5 100 0.104
6 100 0.090
7 100 0.027
8 100 0.063
9 0 --



1-5/6/7 



10 100 



90 0.316 



0.069



0.074 0.022 
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Table 3-42. Survival for Macoma nasuta and Nephtys caecoides by station and survey. 



Survival (%) Station 
Macoma nasuta Nephtys caecoides 



Survey - September 1998 
1-1 97 89 
1-2 97 72 
1-3 93 84 
1-4 93 86 
1-5 100 67 
1-6 100 71 
1-7 93 84 
1-8 97 63 
4-6 97 64 



Survey - September 1999 
4-1 97 87 
4-2 100 92 



4-3.1 100 94 
4-5 100 79 



Survey - November 1999 
1-5/6/7 93 82 



 



Table 3-43. Results of ANOVAs tests for determination of toxicity. Inner (I) / Outer (O) stations. 



Endpoint / Parameter Data 
Transformation p-value Mean Values Conclusion 



Summary 



Macoma nasuta survival (%) Ranks 0.074 I=96% O=99% NS 
Neanthes arenaceodentata 



growth (mg/day) Non transformed 0.005* I=0.10 O=0.13 O > I 



Neanthes arenaceodentata 
relative to controls (%) Non transformed 0.071 I=-16.1% O=-31.1% NS 



Neanthes arenaceodentata 
survival (%) Ranks 0.400 I=96% O=98% NS 



Nephtys caecoides survival (%) Arcsine 0.284 I=78% O=83% NS 
Rhepoxynius abronius reburial 



(%) Ranks 0.784 I=98% O=99% NS 



Rhepoxynius abronius survival 
(%) Arcsine 0.011* I=83% O=93% O > I 



* p<0.05 
NS=nonsignificant 
 











 3-140



Table 3-44. Analysis of criteria used to indicate toxicity. 



Rhepoxynius abronius Survival Neanthes arenaceodentata 
Survival 



Neanthes 
arenaceodentata 



Growth 



Neanthes 
arenaceodentata 
Growth Relative 



to Control 
Inner Ring 



Significantly 
Lower than 
Outer Ring 



Inner Rng <20% 
Lower than 
Outer Ring 



Inner Ring 
Significantly 
Lower than 
Outer Ring 



Inner Ring 
<10% Lower 
than Outer 



Ring 



Inner Ring 
Significantly 
Lower than 
Outer Ring 



Inner Ring 
Significantly 
Lower than 
Outer Ring 



Yes No No NA Yes No 



NA=Not Applicable, no significant difference between Inner and Outer Rings. 



 



Table 3-45. Grain size parameters by station and survey. 



STATION GRAVEL (%) SAND (%) SILT (%) CLAY (%) MEDIAN PHI MEAN PHI 



Survey - September 1998 
1-1 32.284 47.237 8.637 11.842 1.764 NC 
1-2 41.618 45.404 6.531 6.447 1.141 NC 
1-3 25.728 57.031 8.970 8.271 1.928 NC 
1-4 25.268 49.148 13.608 11.976 2.123 1.816 
1-5 25.624 55.364 9.319 9.693 2.111 0.840 
1-6 16.056 39.356 16.317 28.271 3.244 4.728 
1-7 21.154 59.153 9.736 9.957 2.110 0.833 
1-8 20.288 60.908 8.533 10.271 2.063 0.867 
4-6 9.812 74.431 8.846 6.911 2.470 2.649 



Survey - September 1999 
4-1 8.802 50.033 25.651 15.514 3.283 4.373 
4-2 0.764 64.037 21.108 14.092 3.135 4.454 



4-3.1 0.670 63.990 20.124 15.216 3.188 4.662 
4-5 1.993 74.818 14.004 9.185 2.593 3.495 



Survey - November 1999 
1-5/6/7 11.157 52.058 16.226 20.560 2.630 4.766 
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Table 3-46. Percent total organic carbon and calcium carbonate by station and survey. 



Station Total Organic Carbon (%) Calcium Carbonate (%) 
Survey - September 1998 



1-1 5.06* 58.0 
1-2 1.84* 22.2 
1-3 9.08* 28.5 
1-4 2.75* 41.7 
1-5 2.32 29.3 
1-6 4.93* 58.3 
1-7 2.41* 35.9 
1-8 4.43* 54.3 
4-6 2.57 57.4 



Survey - September 1999 
4-1 1.63 44.8 
4-2 1.10 53.8 



4-3.1 1.85 56.5 
4-5 1.31 52.6 



Survey - November 1999 
1-5/6/7 1.01 69.0 



*Values are based upon reanalysis of sediment samples, see Section Error! Reference source not found.. 



 
Table 3-47. Results of testing grain size measures, TOC, and CaCO3 to comply with assumption of statistical 
testing. Bold indicates the transformation used in the analysis. 



Shapiro-Wilk’s Test 
Test Parameter Transformation W=Tendency 



for Normality 
P=Probability 
for Normality Distribution  



Levenes test 
for Equality of 



Variance 
Percent gravel Arcsin 0.967 0.784 Normal 0.493 
Percent gravel Non transformed 0.956 0.621 Normal 0.371 
Percent sand Arcsin 0.939 0.389 Normal 0.441 
Percent sand  Non transformed  0.932 0.318 Normal 0.540 
Percent silt Arcsin 0.953 0.571 Normal 0.197 



Percent silt Non 
transformed 0.964 0.741 Normal 0.095 



Percent clay Arcsin 0.914 0.176 Normal 0.586 
Percent clay Non transformed 0.863 0.033 Non-normal 0.409 



Percent silt-clay Arcsin 0.956 0.616 Normal 0.830 
Percent silt-clay Non transformed 0.945 0.465 Normal 0.822 



Median grain size in 
mm Log 10 0.965 0.762 Normal 0.846 



Median grain size in 
mm Non transformed 0.867 0.038 Non-normal 0.371 



Percent total organic 
carbon Arcsin 0.939 0.308 Normal 0.012 



Percent total organic 
carbon Non transformed 0.872 0.023 Non-normal 0.012 



Percent total organic 
carbon Ranks NA NA NA NA 



Percent calcium 
carbonate Arcsin 0.969 0.780 Normal 0.166 



Percent calcium 
carbonate 



Non 
transformed  0.971 0.806 Normal  0.159 
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Table 3-48. Results of ANOVAs tests for grain size parameters, TOC, and CaCO3. Significant differences 
between Inner (I) and Outer (O) Ring stations noted in bold. 



Endpoint / Parameter Data 
Transformation p-value Mean Values Conclusion 



Summary 
Percent gravel Arcsine 0.000 I=24.4% O=4.4% I > O 
Percent sand Arcsine 0.011 I=51.7% O=65.5% I < O 
Percent silt Non 0.021 I=10.9% O=18.0% I < O 
Percent clay Arcsine 0.869 I=13.0% O=12.2% NS 
Percent silt-clay Arcsine 0.293 I=23.9% O=30.1% NS 
Median grain size mm Log 10 0.016 I=0.246 mm O=0.136 mm I > O 
Percent TOC Ranks  0.078 I=3.50% O=1.64% NS 
Percent CaCO3 Non transformed 0.387 I=43.8% O=49.8% NS 



* p<0.05 
NS=nonsignificant 



 
Table 3-49. Concentration of total organic carbon (%) and volatile solids (%) by two different analytical 
methods. 



Sample 
Identification 



Number 
Station 
Number 



Original TOC Analysis 
200-mg Shimadzu 



Repeat TOC 
Analysis 200-mg 



Shimadzu 
Volatile 
Solids  



TOC Ratio 
(Orig/Repeat) 



4SX002.23 4-3 1.27 1.96 6.3 0.65 
4SX003.45 4-2 1.91 1.79 5.9 1.07 
4SX005.24 4-2 2.03 2.29 6.9 0.89 
4SX005.28 4-1 2.77 2.79 7.8 0.99 
4SX005.28 4-1 2.98 NA NA 1.07 
4SX005.31 4-1 2.80 2.68 8.3 1.04 



4SX006.03 #1 4-8 1.57 1.52 6.2 1.03 
4SX006.03 #2 4-8 NA 1.53 6.0 1.03 



5SX001.44 1-5/6/7 4.04 5.33 9.9 0.76 
5SX001.48 1-5/6/7 6.07 5.94 11.1 1.02 
5SX001.51 1-5/6/7 5.60 6.88 12.0 0.81 



      



  Original TOC Analysis 
10-mg Carlo-Erba 



Repeat TOC 
Analysis 200-mg 



Shimadzu 
  



2SX0014 #1 1-3 12.1 8.90 17.6 1.36 
2SX0014 #2 1-3 9.1 9.08 16.9 1.00 
2SX0026 #1 1-6 7.24 4.93 9.9 1.47 
2SX0026 #2 1-6 NA 4.57 10.2 1.58 



2SX0043 1-8 3.91 4.43 8.3 0.88 
2SX0049 #1 1-7 3.58 2.41 6.9 1.49 
2SX0049 #2 1-7 NA NA 7.1 NA 



2SX0055 1-2 1.68 1.84 5.5 0.91 
2SX0061 1-1 5.63 5.06 8.5 1.11 



2SX0006 #1 1-4 8.12 2.75 7.5 2.95 
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Table 3-50. Initial and final ammonia interstitial porewater concentrations for solid-phase bioassay using 
Rhepoxynius abronius. 



Station Initial Ammonia (mg/L) Final Ammonia (mg/L) 



Survey - September 1998 
1-1 0.380 0.286 
1-2 0.367 0.332 
1-3 1.04 0.922 
1-4 0.224 0.261 
1-5 0.364 0.317 
1-6 0.251 0.160 
1-7 0.567 0.415 
1-8 0.541 0.545 
4-6 1.14 1.00 



Survey - September 1999 
4-1 1.03 0.94 
4-2 0.836 0.79 



4-3.1 0.901 0.852 
4-5 1.29 1.20 



Survey - November 1999 
1-5/6/7 0.019 0.133 



 



3.3.2. Estimation of Effects from Exposure Data 
In addition to the direct measure of effects represented by the sediment toxicity line of evidence, 
it is possible to estimate effects based from two lines of evidence from Characterization of 
Exposure: Sediment Chemistry and Sediment Bioaccumulation. Both lines were evaluated in 
detail previously, in Sections 3.2.2 and 3.2.3 respectively, and are summarized here relative to 
their estimated effects.  



3.3.2.1. Sediment Chemistry 
In review, three successful sampling efforts took place between September 1998 and 
September/November 1999. Eighteen sediment stations were sampled (Figure 2-26, Table 2-8) 
on two rings located 1-3 meters from the ex-AGERHOLM and approximately 1,000 meters 
(reference stations) distant and examined for a wide variety of analytes. The project design 
included precision sediment sampling (±2 m), ultra-low chemical analyses of sediment and tissue 
samples, radiological dating of sediments, sedimentation rate sampling, toxicity and 
bioaccumulation testing utilizing two marine species, bottom current measurements and bottom 
water chemistry. Hypothesis testing was performed, taking advantage of the distribution of rings 
and stations. Stations are considered to be field replicates within a ring. 



The null hypothesis is stated as follows: There is no significant difference in sediment chemistry 
samples, or in the toxicity or bioaccumulation of potentially toxic materials between the ex-
AGERHOLM ship site (Inner Ring, Ring #1) and the reference site (Outer Ring, #4). 



Table 3-51 summarizes ranges of concentrations of primary and secondary chemicals of concern, 
with significant differences (p≤0.05) highlighted. Total PCBs (Green Book) did not show 
significant differences between Inner and Outer Rings for sediments. Three of the nine secondary 
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chemicals were significantly greater at the Inner Ring then the Outer Ring; cadmium, copper and 
silver. In general, secondary chemicals of concern were highly variable and numerically higher, 
though not often significantly different, in the Inner Ring indicating, as expected, a vessel signal. 



Table 3-51. Mean, minimum and maximum concentrations of primary and secondary chemicals of concern 
examined in sediment and bioaccumulation samples associated with the ex-AGERHOLM site. 



Macoma Bioaccumulation Nephtys Bioaccumulation Primary Chemical of 
Concern 



Sediment 
Inner Ring Outer Ring Inner Ring Outer Ring Inner Ring Outer Ring 



Total Green Book 
PCBs 



3.9 
0.49-9.8 



1.5 
0.41-4.28 



16.81 
10.25-39.38 



28.15 
17.09-37.31 



29.43 
9.51-136.68 



18.1 
14.42-24.92 



Macoma Bioaccumulation Nephtys Bioaccumulation Secondary Chemicals 
of Concern 



Sediment 
Inner Ring Outer Ring Inner Ring Outer Ring Inner Ring Outer Ring 



Total PAH41  48.6 
8.8-303.9 



29.2 
14.1-41.2 



241 
4.8-659 



26 
11-64 



442 
80-1145 



73 
44-154 



Cadmium  2.8 
0.54-7.00 



0.3 
0.30-0.50 



0.76 
0.34-1.76 



0.51 
 0.46-0.65 



1.46 
0.68-3.18 



1.13 
0.79-1.30 



Chromium  151.9 
87.9-227.0 



147.8 
106-231 



8.35 
3.6-22.1 



3.21 
2.6-4.54 



4.28 
0.50-15.90 



1.64 
0.30-6.92 



Copper  71.0 
32.4-137.0 



28.7 
23.9-33.9 



98.2 
54.0-172.0 



60.4 
44.4-95.9 



16.42 
5.31-78.5 



8.59 
8.05-9.3 



Lead  8.8 
1.8-24.3 



4.7 
4.1-5.3 



4.36 
3.27-5.13 



3.08 
2.12-5.29 



0.95 
0.27-2.27 



0.31 
0.21-0.38 



Mercury  0.059 
0.043-0.107 



0.042 
0.028-0.054 



0.79 
0.28-1.10 



0.36 
0.21-0.84 



0.12 
0.04-0.18 



0.07 
0.06-0.12 



Nickel  83.2 
25.0-215.0 



28.3 
23.9-35.4 



13.99 
9.97-23.7 



9.2 
7.9-11.6 



4.96 
2.00-9.98 



2.84 
1.8-6.12 



Silver  0.50 
0.20-1.60 



0.20 
0.10-0.20 



0.43 
0.24-0.54 



0.33 
0.27-0.50 



0.09 
0.03-0.29 



0.08 
0.04-0.09 



Zinc  139.4 
0.72-256.0 



73.7 
61.4-85.2 



270 
231-322 



256 
243-288 



237 
193-360 



213 
189-227 



 



As discussed previously, few contamination “benchmarks” are recognized for marine sediments. 
Effects Range-Low (ER-L) and Effects Range-Median (ER-M) are commonly used for 
comparative purposes and often incorporated into ratios, where observed sediment 
concentrations are divided by the ER-L or ER-M. This ratio, sometimes referred to as a Hazard 
Quotient (HQ), is considered of interest when values greatly exceeding unity (one).  



Figure 3-86 summarizes mean Inner Ring HQs for total PCB, total PAHs and eight metals. The 
HQ for the primary chemical of concern (total PCB) was well below unity for both ER-L and 
ER-M. The ER-M HQ exceeded unity for only nickel (HQ=1.61); however, it should be noted 
that Inner and Outer Ring concentrations did not differ significantly (Table 3-51), and along with 
mercury, the nickel ER-M is of questionable reliability in predicting adverse biological effects 
(Long et. al. 1995). Of the secondary chemicals of concern, both cadmium and copper have HQs 
slightly greater than one (2.33 and 2.09 respectively), and have concentrations significantly 
greater than the Outer Ring. Silver, which also exhibits an Inner Ring concentration greater than 
the Outer Ring, has an ER-L HQ of only 0.50, indicating that the greater concentrations near the 
ship pose no risk of effects. 
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Figure 3-86. Inner Ring sediment Hazard Quotients (HQ) for primary and secondary chemicals of concern 
(* indicates Inner Ring significantly greater than Outer Ring at p≤0.05). 



3.3.2.2. Tissue Bioaccumulation 
Table 3-51 also summarizes tissue bioaccumulation ranges of concentrations for primary and 
secondary chemicals of concern (PCOCs and SCOCs, respectively) with significant differences 
(p≤0.05) highlighted. Green Book PCBs did not show significant differences between Inner and 
Outer Ring tissues in either Macoma or Nephtys tissues. Two of the nine SCOCs were 
significantly greater at the Inner Ring then the Outer Ring; cadmium (Macoma and Nephtys) and 
copper (Macoma). Like PCOCs, SCOCs were highly variable and numerically higher (though 
rarely significant) in the Inner Ring indicating, as expected, a vessel signal. Strong, significant 
correlations between sediment and tissue concentrations were apparent for only cadmium and 
Nephtys (Table 3-51), suggesting the absence of food chain biomagnification. 



With the notable exception of FDA action levels for total PCB and mercury, almost no 
“benchmarks” are recognized for marine tissues. However; as discussed previously, data 
collected in support of the NOAA Status and Trends Mussel Watch Program provides valuable 
insight into local, ambient, nearshore marine tissue concentrations. A review of 16 years of 
southern California Mussel Watch data identified four areas located within 125 miles of the ex-
AGERHOLM site. These areas are reasonably isolated from major industrial/municipal input, 
and for the purpose of this study are considered clean nearshore reference sites. Like the HQs 
generated for sediments using ER-Ls and ER-Ms, it is possible to generate hazard quotients from 
Mussel Watch averages (HQMW) for ex-AGERHOLM bioaccumulation tissues. The HQMW is 
created by dividing the observed dry tissue chemical concentration by the average local mussel 
watch “clean” tissue concentration. Figure 3-87 summarizes mean Inner Ring HQMW for total 
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PCB, total PAHs and eight metals, for Macoma and Nephtys. The HQMW for the primary 
chemical of concern, total PCB, is below unity for both species. HQMW for secondary chemicals 
of concern exceeded unity for chromium, copper, lead, mercury, nickel, zinc and PAHs in 
Macoma, and chromium, copper, nickel, zinc and PAHs in Nephtys (Figure 3-87). Again, it 
should be emphasized that there were only three significant Inner-Outer Ring differences 
identified in the bioaccumulation testing; cadmium (Macoma and Nephtys) and copper 
(Macoma). 



Figure 3-87. Inner Ring tissue Hazard Quotients (HQ) for primary and secondary chemicals of concern, 
values derived from local Mussel Watch data (* indicates Inner Ring significantly greater than Outer Ring at 
p≤0.05). 



3.3.3. Supplementary Effects Data from Sablefish Analysis 
The full report for the supplementary Sablefish Assessment is provided in its entirety as 
Supplement I. Excerpts from the text and some tables and figures have been brought forward to 
this main document12. The rationale for adding Sablefish (Figure 3-1) as supplementary effects 
data to this ecological risk assessment mirrors the rationale for use in the Human Health Risk 
Assessment, previously explained in 2.4.4.1:  



• They are easier to collect than other deep sea fishes; 



• Their high oil (lipid) content increases their affinity for PCBs; 



• Their longevity – up to 90-100 years in age and relatively territorial feeding behavior 
means that body burdens can be related to site exposures; and 



                                                 
12 References to Supplement I tables and figures are for information (these graphics not in main body of this report). 
Literature references are also contained in Supplement I and not in this report. 
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• Their high trophic level means that residue concentrations can be used to infer exposure 
and potential effects to other members of the deep-sea community, which cannot be 
sampled as easily. 



The purpose of this supplementary analysis is to assess the ecological risk of PCB exposure to 
the deep-sea demersal community using sablefish as a surrogate receptor. This analysis provides 
a supplemental line of evidence for assessing the ecological risk of PCB exposure from the ex-
AGERHOLM. 



Tissue residue benchmarks were developed to evaluate potential effects from exposure 
(summarized in Section 3.2.4) to Total PCBs. The benchmarks for Total PCB were based on the 
tissue screening value (TSV), bioaccumulation critical value (BCV), and critical body residues 
(CBR). These benchmarks (Table 3-52) are chemical residue thresholds, at or below which 
adverse toxicological effects would not be expected. Species sensitivity distributions (SSDs) of 
effects from critical body residues of PCBs in fish were also used to determine the probability of 
an effect to those endpoints. 
Table 3-52. TSV, BCV, and CBR Benchmark Effects Thresholds for Total PCBs in Sablefish13. 



Benchmark PCB Effects Concentration Basis for Criterion 
Threshold type wet weight dry weight lipid weight units Potential effects from bioaccumulation 



TSV 436.8 1371.2 2345.1 ng/g Tissue Screening Value (URS 1996, Dyer et 
al., 2000) 



Bcv 1836.1 5764.0 10236.0 ng/g Bioaccumulation Critical Value (see Table 5) 
CBR, NOED 1500.0 4708.8 8362.1 ng/g No Observed Effects Dose, sheepshead 



minnow (Hansen et al., 1975, Table 6) 
CBR, LOED 2200.0 6906.3 12264.5 ng/g Lowest Observed Effects Dose, pinfish 



(Hansen et al., 1974, Table 6) 
 



Tissue screening values (TSV) are the most conservative of the three benchmarks used. The 
TSVs were originally developed for screening-level ecorisk assessments at Navy sites (URS 
1996, 2002), and are based on water quality criteria (WQC), which were derived to protect 95% 
of aquatic organisms 95% of the time (U.S. EPA 1986, URS 1996, Shepard 1998). Because the 
TSV is equal to the “no adverse effect” tissue concentration, a single TSV applies to both 
freshwater and marine organisms (URS 1996). Therefore, numerical differences between 
freshwater and saltwater criteria are due to differential chemical uptake between freshwater and 
marine organisms (Shepard 1998). PCB residue levels below the TSV are assumed to pose little 
or no risk to aquatic biota (Shepard 1995, URS 1996, Dyer et al. 2000). 



The bioaccumulation critical value (BCV) is similar in concept to the TSV, but more relevant and 
less generic. The BCV was calculated using the most recent saltwater quality criteria (U.S. EPA 
1998b, 2005, Buchman 1999) and bioconcentration factors applicable to marine fish. The BCV 
was defined as the tissue concentration that would occur if water exposure levels equaled the 
chronic or lowest available water benchmark effects concentration. The BCF for each homolog 
was estimated using the regression from Mackay (1982, cited in Petersen and Kristensen 1998). 
The BCV for Total PCB accumulation in sablefish tissue was calculated using a BCF weighted by 
the fraction of Total PCB (fPCBi) present in each homolog group measured in the sablefish 
samples in accordance with US EPA methods (U.S. EPA 1980, URS 1996).  



                                                 
13 See Supplement I for details on benchmark threshold derivations and calculations. 
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Critical body residues (CBR) are defined as the threshold concentration of a contaminant in the 
tissue of an organism above which adverse effects could occur (McCarty et al. 1992, Pabst 
1999). Generally, the effect occurs as a result of noncancerous effects and can result in death 
(mortality), or a reduction in fecundity, reproduction, or growth (chronic effects). Data from the 
US Army Corps of Engineers Environmental Residue-Effects Database (USACoE, 2002) were 
used to develop benchmarks for CBRs. The database was searched for effects on reproduction, 
growth and development, mortality and survival. Results that were based on adult exposure, 
whole body concentration, and ingestion or absorption were used, if available. Benchmarks were 
selected for highest no observed effect dose (NOED) and lowest observed effect dose (LOED) – 
for freshwater or saltwater fish species.14 If the highest NOED was greater than the lowest 
LOED, then a NOED was selected that was lower than the lowest LOED (App.Q, Tables 8 and 
9). The NOED and LOED benchmarks for fish and invertebrates were derived by multiplying the 
value obtained from ERED by an uncertainty factor (UF), if applicable. The LOED was based on 
5% mortality observed in a 96 hr exposure to pinfish (Lagodon rhomboides, Hansen et al. 1974) 
and the NOED was based on no effect to sheepshead minnow (Cyprinodon variegatus) survival 
after a 28-day exposure (Hansen et al. 1975). Because these benchmarks were assumed to be 
directly applicable to sablefish, an UF=1 was used in calculating the NOED and LOED 
benchmarks. 



Figure 3-88 compares the ship and reference sablefish residues, represented as probabilistic 
distribution curves, to the various effects threshold benchmark concentrations. With the 
exception of TSV, the most conservative benchmark – typically used for initial screening 
assessment, both distributions fall to the left indicating no adverse effects. 



Ecological risk benchmarks are based on a single, species-level effect and do not necessarily 
reflect the wide range of species diversity and sensitivity to PCBs present in the ecosystem. One-
way of addressing the broader implications of potential ecotoxicological risk from PCBs is to 
compare the PCB exposure distribution to species sensitivity distributions (SSD). Derived from 
toxicity data, SSDs are cumulative distribution functions, which describe the proportion of a 
class of organisms (i.e., fish) expected to be affected by a given level of exposure to a 
contaminant (Posthuma et al 2001, Maltby et al. 2005).  



                                                 
14 NOED and LOED are used to be consistent with the ERED nomenclature, which defined “dose” as the whole 
body burden concentration. Values selected from the database were the no observed adverse effects (NOED) and 
lowest observed adverse effect (LOED), where adverse was defined as a negative impact to growth, development, 
reproduction, or survival. 
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Figure 3-88. Comparison of PCBs in Ship and Reference site Sablefish to available threshold effects 
benchmark concentrations. 



Data from the ERED database on effects of PCBs to fish (both fresh and saltwater species) were 
used to calculate SSDs for Total PCB residues in fish. The ERED data for effects to growth, 
mortality, reproduction, or survival from PCB residues in juvenile or adult fish were used to 
calculate the cumulative probability distributions for the No Observed Effect Dose (NOED) and 
the Lowest Observed Effect Dose (LOED), assuming that the toxicity data conformed to a 
lognormal distribution. The SSDs for the more conservative benchmark, the NOED, is shown in 
Figure 3-89, using Critical Body Residues (CBRs). The available toxicity data were mostly for 
freshwater species (lake trout, golden ide, catfish, etc), but the database also included saltwater 
species including sheepshead minnow, pinfish, salmonids, and other species. The SSD calculated 
from the ERED data are not based on genus-mean concentrations, but rather raw toxicity data. 
While genus-mean concentrations are more preferable for evaluating potential toxicity effects 
across a wide range of organisms (Posthuma et al 2001, Maltby et al. 2005), developing genus-
mean effects levels were beyond the scope of this report. More research is required to develop 
genus-mean concentrations of effects from critical body residues in fish. 
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Figure 3-89. Total PCB species sensitive distribution (SSD) of NOEDs for Critical Body Residues(CBR) and 
exposure distributions for reference and ship shown as a probability density function. 
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4.0. Risk Characterization 
4.1. Overview of Study 
The purpose of this study was to evaluate the marine environment in the vicinity of sunken Navy 
ships to determine whether potentially toxic materials from these ships were being released, and 
whether any releases might pose an adverse risk to the environment. Specifically, the objective 
was to investigate PCBs in solid materials onboard sunken Naval vessels, used for at-sea target 
training after they have been decommissioned and prepared in accordance with existing 
NAVSEA guidance for SINKEX vessels. 



Polychlorinated biphenyls (PCBs), a group of synthetic halogenated aromatic hydrocarbons, 
which have been linked to environmental and public health issues, were the primary chemicals of 
concern (PCOCs) in this investigation. Total PCBs within this investigation were defined in two 
different ways: (1) the first approach was the sum of the 21 congeners (referred to as the “Green 
Book 21”) used in the Ocean Testing Manual, which is joint guidance from the U.S. 
Environmental Protection Agency and U.S. Army Corps of Engineers provided in the publication 
“Evaluation of Dredge Material Proposed for Ocean Disposal, Testing Manual” commonly 
referred to as the Green Book (USEPA/USACE, 1991). (2) The second approach was based upon 
these 21 congeners and an additional 5 congeners important in environmental health assessments 
(referred to as the “SINKEX 26”). A set of secondary contaminants of concern (SCOCs), 
evaluated to assist in more thoroughly characterizing the site and explaining toxicity, if found, 
were also examined. These SCOCs included total polynuclear aromatic hydrocarbons (PAHs), 
cadmium, chromium, copper, lead, mercury, nickel, silver and zinc. Additionally, several other 
sediment properties were obtained to aid in data interpretation, including acid volatile 
sulfides/simultaneously extracted metals (AVS/SEM), particle size, total organic carbon (TOC) 
and calcium carbonate (CaCO3). 



Based on EPA guidance provided by the Office of Water and published documentation, as well 
as recommendations from a scientific peer review panel, the technical approach combined 
sediment-testing requirements from the Green Book and the US EPA’s “Framework for 
Ecological Risk Assessment” (USEPA, 1992) and “Guidelines for Ecological Risk Assessment” 
(USEPA, 1998). 



A standard two-sample hypothesis test was used, comparing conditions at the sunken vessel site 
to reference stations. The null hypothesis addressed by this investigation was: There is no 
significant statistical and adverse difference (p<0.05) between ship site and reference site results 
for any of the biological and chemical measurements performed. 



Three successful sampling expeditions were completed between September 1998 and November 
1999. A total of 41 stations were sampled for a suite of analytical measurements (see Table 2-8). 
The three primary lines of determination in this weight-of-evidence risk assessment focused on 
18 of those stations located 2-4 meters from the ex-AGERHOLM (Figure 4-1) and reference 
stations located approximately 1,000 meters away (Figure 4-2). The stations were examined for a 
wide variety of analytes. The project design included precision sediment sampling, ultra-low 
chemical analyses of sediment and tissue samples, toxicity and bioaccumulation testing utilizing 
two marine species as surrogates for deep-water infauna, radiological dating of sediments, 
sedimentation rate sampling, and bottom current measurements.  
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Figure 4-1. Sampling design for Inner Ring (SINKEX ship site). 



Figure 4-2. Sampling design for Outer Ring of reference stations. 
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4.2. Risk Estimation According to the Decision Matrix 
The Decision Matrix developed in Section 2.4.4.4 is shown again in Table 4-1 to review the 
decision rules established prior to commencement of the field studies for the final evaluation of 
ecological risk due to PCBs from the sunken ship ex-AGERHOLM. This Decision Matrix was 
the result of study planning efforts conducted jointly with the EPA to ensure that the technical 
approach and final evaluation met the Green Book requirements for the testing of contaminated 
sediments prior to ocean disposal. 



Table 4-1. Decision Matrix for sediment data. 



Outcome 
Number 



Sediment 
Chemistry 



Acute/Chronic 
Toxicity 



Laboratory 
Bioaccumulation 



Benthic 
Community Risk 



1 - - - ± None 
2 + - - ± None 
3 - + - ± Potential Local 
4 + + - ± Probable Local 



5 + - + ± Potential Food 
Chain 



6 + + + ± 
Probable Local 
and Potential 
Food Chain 



+ Significant unfavorable difference for Inner Ring for any endpoints measured. 
- No significant unfavorable difference for Inner Ring for endpoints measured. 
± No effect on decision. 



4.3. Assessment and Measurement Endpoints under the EPA’s 
Framework for Ecological Risk Assessment 



To evaluate the level of protection of the appropriate ecological communities at risk of 
contamination from PCBs onboard the sunken vessel, the risk assessment team followed the 
Framework for Ecological Assessment (USEPA, 1992). This framework requires a logical 
progression of study planning commencing with Problem Formulation, proceeding through an 
Analysis Phase, and ending with this Risk Characterization Phase. The Problem Formulation 
phase culminated with the development of a Site Conceptual Model (SCM) for expected 
environmental pathways of exposure and effects (Figure 4-3). An Analysis Plan was then 
developed based on the Assessment Endpoints and Measures of Exposure and Effects from the 
SCM. Table 4-2, first shown in Section 2.4.4.1, is provided below for the convenience of the 
reader. 
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Figure 4-3. Site Conceptual Model (SCM) for SINKEX ecological risk assessment. 



Table 4-2. Development of measures of exposure and effects from assessment endpoints and receptors of concern. 



 



Assessment Endpoint Test Species (surrogates for 
Receptors of Concern) Measures of Exposure Measures of Effects 



Invertebrates of the 
benthic/epibenthic 
community and entry point 
to larger pelagic food chain 



(1) Amphipod (Rhepoxynius 
abronius) 
(2) Polychaetes (Nephtys caecoides 
for exposure; Neanthes 
arenaceodentata for Effects) 
(3) Clam (Macoma nasuta)  



(1) Tissue concentrations of PCBs, metals, 
and PAHs in surrogate clams (Macoma 
nasuta) and polychaetes (Nephtys 
caecoides), after 28-day laboratory 
exposures to SINKEX sediments. 
(2) Sediment concentrations of PCBs, 
metals, and PAHs. 



(1) 10-day acute toxicity test (survival & 
reburial) on surrogate amphipods 
(Rhepoxynius abronius), exposed to SINKEX 
site and reference site sediments. 
(2) 28-day chronic toxicity test (growth and 
survival) on surrogate polychaetes 
(Neanthes arenaceodentata), exposed to 
SINKEX site and reference sediments. 



Scavenging, demersal, and 
predatory fish in pelagic 
community 



Sablefish/Black Cod (as primary 
consumer of contaminated 
sediment/water). 



(1) Tissue concentrations of PCBs 
(2) Water column concentrations 



Estimation from exposure 



Humans  Sablefish/Black Cod (representing 
step in food chain) 



Edible tissue (i.e. muscle) concentrations of 
PCBs 



Human Health Risk Assessment (separate 
report) 



Notes: 1. Efforts were made during several cruises to capture epibenthic infauna, but too few specimens were collected to address quantitatively. 
2. Because PCB exposure to ecological receptors of concern through water absorption/consumption was considered to be a far less important pathway than sediment 



ingestion, and because sampling the water column in a robust manner to be statistically valid was problematic, water sampling was a very small component of the 
Analysis Plan (a few samples were taken to see if PCBs could even be detected) and was not part of the decision matrix. However, a short discussion on water sampling 
is found in the first part of Section 3.2 (Characterization of Exposure to COCs). 



D e e p  S e a
B e n th ic



C o m m u n ity



D e e p  S e a
E p ib e n th ic
C o m m u n ity



D e e p  S e a
P e la g ic



C o m m u n ity



S e d im e n ts



S u rfa c e  o f
S h ip



W a te r
C o lu m n



S u n k e n
S h ip



S o rp tio n /
S e ttlin g



D e s o rp tio n /
R e s u s p e n s io n



C o n ta c t/
U p ta ke



L e a c h in g
o f C O C s



fro m  S h ip



P rim a ry
S o u rc e



S e co n d a ry
S o u rc e



R e le a s e
M e c h a n is m



T e rtia ry
S o u rc e



P rim a ry
R e c e p to rs



R e lea s e
M e c h a n is m



U p ta ke
M e c h an is m



F o o d  C h a in
R e c e p to rs



U p ta k e
M e c h a n is m



O c e a n
P o llu tio n



D e e p  S e a
F is h e ry



R e le a s e  o f C O C s
in to  O ce a n In g e s tio n /



In c id e n ta l
C o n ta c t











 



4.4. Summary of Exposure and Effects Results from the 
Decision Matrix 



The preponderance of data indicate no significant elevation of PCBs in the sediment/or in tissue 
of benthic organisms since the sinking of the ex-AGERHOLM in 1982. Table 4-3 summarizes 
the overall results for the three “determining” lines of evidence, with a “NS” indicating that there 
was no statistical difference (p<0.05) found between the Inner Ring (ex-AGERHOLM site) and 
the Outer Ring (Reference site).  



Table 4-3. Overall results from the three determining lines of evidence. 



Line of Evidence Overall 
Result 



Results of Individual Tests 



PCB Chemistry NS 21GB Congeners 26 SINKEX Congeners 



 NS NS 



Toxicity NS 10-day Rhepoxynius 28-day Neanthes 



Survival* Reburial Survival  Growth+  
NS NS NS NS 



PCB 
Bioaccumulation 



NS 28-day Nephtys 28-day Macoma 



  Tissue Concentration Tissue Concentration 



  NS NS 



Notes: 
* 10% survival difference was statistically different, but did not meet Green Book species-specific requirements to 
show a 20% difference, based on inherent variability in response of this particular species. See Section 3.3.1.2. 
+ Large difference in Zero Time size of test organisms caused uncertainty in results, but Inner Ring test worms grew 
faster, relative to control worms, than those of the Outer Ring. See Section 3.3.1. 



 
To summarize, none of the three lines of evidence, using Green Book guidelines, showed any 
significant statistical differences between ship and reference site, indicating no adverse 
incremental risks posed to the marine environment from the presence of PCBs associated with 
the ex-AGERHOLM. The following sub-sections provide summaries of each Primary Line of 
Evidence used in the Decision Matrix 



4.4.1. Primary Line of Evidence: PCB Chemistry in Sediments 
Using both approaches for assessing PCBs in sediments, Figure 4-4 and Figure 4-5 show the 
mean PCB concentrations measured in the ocean sediments collected from each of the 10 Inner 
Ring and 8 Outer Ring stations. It appears that the values for the Inner Ring in both analyses are 
higher than those of the Outer Ring. Statistically, the p-values for the 21 Green Book and 26 
SINKEX congeners are 0.13 and 0.07, respectively. The additional analytes and incorporation of 
one-half detection limit (rather than 0, for non-detects) caused the null hypothesis in the 26-
congener analysis to be barely accepted (p=0.07, compared to the 0.05 criterion). All sediment 
PCB concentrations were below Effects Range-Low (ER-L), a threshold effects benchmark used 
in sediment assessment. 











 



Figure 4-4. Total of 21 Green Book PCB Congeners measured at all SINKEX stations. 



Figure 4-5. Total of 26 PCB Congeners measured at all SINKEX stations. One-half detection limit used when 
congener was not detected. 
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4.4.2. Primary Line of Evidence: Sediment Toxicity 



Results for the three sediment toxicity tests selected for use in the Decision Matrix are shown in 
Figure 4-6, Figure 4-7, and Figure 4-8. Compared as Inner Ring (ship site) against the Outer 
Ring (reference site), the acute 10-day sediment toxicity test using Rhepoxynius (amphipod) 
resulted in mean survival rates of 83% and 93%, respectively. This 10% decrease at the Inner 
Ring was less than the Green Book criteria of 20%, so the overall result was "no significant 
difference." The mean Inner Ring survival of the amphipod was most influenced by Station 1-6 
(65% survival), but this single case was best explained by other sediment differences (e.g., grain 
size, total organic carbon) between the two sites. In the chronic 28-day test using Neanthes 
(worm), mean survival for the Inner Ring (96%) was very close to that of the Outer Ring (98%) 
and statistically not different (p=0.4). Finally, in the 28-day Neanthes growth test, mean absolute 
growth rates were greater for the Outer Ring (0.13 mg/day) than for the Inner Ring (0.1 mg/day), 
but an opposite effect was observed when growth rates were compared to each control group. 
Outer Ring tests began with a batch containing larger worms, and the growth of these larger 
worms was less (17% less growth) than that of the Inner Ring worms (30 % growth suppression), 
relative to their respective controls (see Relative Percent Difference, Figure 4-8). 



Figure 4-6. Rhepoxynius abronius survival. 
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Figure 4-7. Neanthes arenaceodentata survival. 



Figure 4-8. Neanthes arenaceodentata growth rates (RPD=Relative Percent Difference). 
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4.4.3. Primary Line of Evidence: PCB Bioaccumulation 
Figure 4-9 and Figure 4-10 present the PCB bioaccumulation test results for Macoma and 
Nephtys, respectively, analyzing by the 21 Green Book congener convention (PCB21) and the 
more conservative (i.e., more analytes, non-detects assumed to be ½ of Detection Limit) 26 
SINKEX congener convention (PCB26). Comparisons between Inner and Outer Ring means 
showed no statistical differences at the p<0.05 level for Macoma PCB21 (p=0.3164) and PCB26 
(p=0.1784), or for Nephtys PCB21 (0.4646) and PCB26 (p=0.6536). However, Station 1-8 was 
notably elevated, with the highest PCB concentrations for both Macoma and Nephtys, at nearly 
four times the next highest station in Macoma. This and other apparent elevated results at the 
ship's stern are discussed in the following section. 
 



Figure 4-9. PCB21 (Green Book) and PCB26MDL (Grand Total) congeners measured in Macoma nasuta tissues 
(µg/kg dry weight) 
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Figure 4-10. PCB21 (Green Book) and PCB26MDL (Grand Total) congeners measured in Nephtys caecoides 
tissues (µg/kg dry weight). 



4.5. Summary of Results from the Supplemental Lines of 
Evidence, Secondary COCs, and Individual Stations 



4.5.1. Supplemental Lines of Evidence 
Table 4-4 summarizes supplemental data, which were not included in the Decision Matrix. These 
data were important to collect and analyze for the following purposes: 



• Characterize the relatively unknown environment at the deep ocean benthic site, using 
standard assessment techniques for benthic infaunal community structure. 



• Provide additional information on potential sources of toxicity, other than PCBs (i.e., 
PAHs and metals). 



• Use additional assessment techniques to analyze data, including the addition of Aroclors 
and congeners to total PCBs, core depth profiles of PCBs, and individual station 
comparisons.  



• Evaluate sablefish data relative to ecological effects; sablefish was selected initially for 
the Human Health Risk Assessment (see Supplement II), but it was later decided that the 
data could also be used for this ERA. 



Benthic Community: As evident in the decision matrix, results from the benthic community 
studies were not a factor considered in the overall risk, but were used to characterize the deep 
ocean environment at the site. Enumeration of 1,508 benthic specimens resulted in 240 uniquely 
identified taxa (exclusive of nematodes and calanoid copepods) collected in 23 boxcore samples, 
representing a fairly diverse deep ocean community, comparable to lower slope communities 
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measured elsewhere (Appendix A). There were no statistically significant differences in the 
whole community measures of diversity, richness, and abundance between the Inner (ex-
AGERHOLM) and Outer (Reference site) Rings. There were differences in major taxonomic 
groups between the two sites, but these differences statistically (though weakly) correlated with 
differences in sediment (grain size and TOC, see 3.1.3). 



Secondary COCs (SCOCs): As shown in Table 4-4, concentrations of cadmium, copper, nickel 
and silver were elevated at the hulk in one or more of three supplemental lines of evidence: 
sediment chemistry, Macoma bioaccumulation, or Nephtys bioaccumulation. They were 
considered in the analysis to be potential sources of toxicity, because the sunken ship is 
composed primarily of metals (e.g., previous work estimated over 200 tons of copper). 
Nevertheless, while concentrations for these four metals appear to be elevated in Inner Ring 
sediment and tissue (extrapolated from bioaccumulation tests on surrogate organisms), toxicity 
testing discussed previously as one of the primary lines of evidence, showed no significant 
differences between the ship and reference sites.  
Table 4-4. Matrix indicating significant Inner and Outer Ring differences for secondary (PAHs and metals) 
chemicals of concern (“+” indicates difference significant at p≤0.05, “-“ indicates rings not significantly 
different.). 



Secondary Chemicals of Concern Sediment Chemistry 
Macoma 



Bioaccumulation 
Nephtys 



Bioaccumulation 
Total PAH41 - - - 
Cadmium + + + 
Chromium - - - 



Copper + + - 
Lead - - - 



Mercury - - - 
Nickel + - - 
Silver + - - 
Zinc - - - 



 



Sablefish Assessment: The exposure assessment found that sablefish sampled from the ex-
AGERHOLM (ship) site had statistically higher concentrations (by a factor of 1.4 – 1.5) of PCBs 
than sablefish sampled from reference locations about 4 nm away from the ship. Tissue residue 
benchmarks were developed to evaluate potential effects from exposure to Total PCBs. The 
benchmarks for Total PCB were based on the tissue screening value (TSV), bioaccumulation 
critical value (BCV), and critical body residues (CBRs). These benchmarks are chemical residue 
thresholds at or below which adverse toxicological effects would not be expected. The initial 
comparison of sablefish data to tissue residue benchmarks showed that there was low risk of 
exposure to primary and secondary consumers in the deep-sea pelagic community because Total 
PCBs in sablefish from the ship site were significantly higher than reference and three samples 
from the ship sites exceeded the conservative TSV benchmark used in screening analyses. 
However, as shown in Figure 4-11, no sample exceeded any of the more relevant benchmarks, 
suggesting it was unlikely that exposure would be harmful.  











 



Figure 4-11. Comparison of PCBs in Ship and Reference site Sablefish to available threshold effects 
benchmark concentrations. 



4.5.2. Examination of Secondary COCs 
This section discusses COCs elevated at the ship site and also COCs evaluated to be elevated in 
the surrounding region. Hazard Quotients, which are simply ratios of the study data to standard 
criteria or benchmarks (the latter in this case), are presented for sediment chemistry and 
bioaccumulation to indicate the degree of ecological risk and tissue contamination associated 
with each metal, based on ERL/M and Mussel Watch (MW) data, respectively (Long et. al., 
1995; NOAA, 1991). HQs provide a relative quantitative comparison by which an assessor can 
conclude that a given study COC is elevated or poses risk. As explained in previous sections, the 
ERL/M values are based on a compilation of sediment “effects” studies, whereas the Mussel 
Watch values are related to a set of “clean” coastal mussel sites selected for use by the SINKEX 
study from the entire Mussel Watch library of sites. The term “clean” refers to the relatively low 
tissue burdens measured in the selected data set, in comparison to all sites. While the MW HQs 
are not effects-based, they indicate a degree of contamination in tissue, as measured in the 
laboratory bioaccumulation tests, for the metals that were elevated at the ship site. It is probably 
more appropriate to refer to these tissue ratios as Bioaccumulation or Tissue Burden Quotients 
rather than Hazard Quotients, since the term “hazard” implies an adverse biological effect. In this 
SINKEX study, Long's "minimal-effects range" for concentrations below ER-L (Effects Range-
Low) is considered to have "no risk" while the "possible-effects range" for concentrations 
between ER-L and ER-M (Effects Range-Median) is considered to have "low, but possible risk." 
Finally, if concentrations are above ER-M, in Long's "probable-effects range," this SINKEX 
study concludes that these COC levels pose a "probable risk." 



4.5.2.1. COCs Elevated at Ship Site 
Table 4-5 summarizes more detailed information to aid in defining the implications of the four 
metals showing elevation at the ship site, compared to the reference site.  
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Table 4-5. Hazard/Tissue Quotients for metals significantly elevated in ship site sediments, with quotients 
calculated relative to Long et al. (1995) ERLs/ERMs (sediment) and relatively clean Mussel Watch tissues 
(bioaccumulation). 



Metal Sediment Chemistry Macoma 
Bioaccumulation 



Nephtys 
Bioaccumulation 



Cadmium 2.3 ERL 0.3 MW 0.7 MW 



Copper 2.1 ERL 11 MW – 



Nickel 1.6 ERM – – 



Silver 0.5 ERL – – 



Note: (1) The symbol “-“ denotes there was No Difference in this test between Ship and Reference sites (HQ-MWs 
were not listed for these). 



(2) HQs are rounded to the nearest 0.1 



Table 4-5 presents unclear outcomes across the three supplementary lines of evidence. 



Nickel: Based on sediment chemistry, nickel appears to present the highest risk because its 
chemistry HQ is higher than ERM (as opposed to ERL), thus indicating a probable localized 
rather than possible risk. However, neither species showed elevated bioaccumulation at the ship 
site and it was pointed out in Section 3.3.2.1, the nickel ER-M is of questionable reliability in 
predicting adverse biological effects (Long et. al. 1995).  



Copper: Based on sediment bioaccumulation, copper represents the highest tissue burden based 
on the Macoma MW HQ, a factor of 11 above the “clean” mussel average. However, its 
sediment value is only about two times above ERL, indicating low but possible risk. 



Cadmium: Like copper, cadmium has a sediment HQ value about two times ERL, indicating low 
but possible risk, but the Nephtys and Macoma MW HQs are both less than unity, indicating no 
significant accumulation relative to clean MW sites. 



Silver: Finally, silver poses the least risk of the elevated metals, with a sediment HQ of one-half, 
and a negligible HQ for Nepthys.  



The bioaccumulation tests results for metals indicating no difference between ship and reference 
stations (i.e., annotated with “-“ in Table 4-5) were also unclear. For copper and nickel, the 
levels accumulated in both the ship and reference site Nephtys test organisms were higher than 
the relatively clean Mussel Watch data. However, because the Inner/Outer ring comparisons 
concluded no difference between sites, the corresponding Nephtys ship site tissue/Mussel Watch 
quotients were not included in Table 4-5. 



It should be noted that the ER-L/M dataset was never adjusted for confounding variables that can 
influence bioavailability, and ultimately ecological risk, including TOC and grain size, providing 
a potential explanation for the inconsistent results. 



4.5.2.2. COCs Elevated in Region (High Background) 
Two metals showed no difference between the ship and reference site for any chemical 
measurements (sediment or tissue bioaccumulation), yet had high background concentrations in 
the sediments relative to their respective effects benchmark levels. Chromium was higher than its 
ERL value, indicating low but possible effects, while lead was higher than its ERM value, 











 



indicating probable effects. Since there was no statistical difference between the ship and 
reference sites for these two metals however, their elevation appears to be related to high 
background levels for that area of the ocean bottom. 



Additionally, it should be noted that three metals showed high bioaccumulation levels, relative to 
the clean Mussel Watch stations. Zinc was elevated in both species, while mercury and lead were 
elevated in Macoma. 



4.5.3. Discussion of Contaminant/Toxicity Results at Individual Sampling 
Stations – Beyond the Ship versus Reference Site Comparison 



It was noted in the report that the highest chemical or biological signals in individual sampling 
stations on the Inner Ring (ex-AGERHOLM site) appeared to cluster near the large break in the 
hull at the rear of the ship (Figure 4-12). Table 4-6 summarizes where these signals were 
observed. 



Figure 4-12. Inner Ring sediment sampling stations. Stations where elevated biological or chemical results 
appeared to be clustered, in bold. 



 
Table 4-6. Clustering of individual sampling stations where elevated biological or chemical signals were 
observed qualitatively if not statistically.  



 Station Line of Evidence Specific Test or COC Remarks 



1-6 Acute toxicity  amphipod survival grain size effect 



1-6&7 PCB chemistry  by congeners below ERL 



P
rim



ar
y 



1-8 PCB bioaccumulation  Nephtys higher than clean MW 



1-7 PCB chemistry  by aroclor sum of 3 Aroclors ~ 80% of total detected 



1-7 PAH chemistry by 41 total PAHs 6x higher than all other stations, but below 
ERL 



1-7 chromium 
bioaccumulation  Macoma higher than clean MW 



S
up



pl
em



en
ta



ry
 



1-5/6/7 PCB chemistry  3 cm depth core 
measurement (1900 ppb)  



anomalous data presumably due to 
sediment mixing during/after impact 
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These signals were not necessarily determined statistically but rather are apparent qualitatively. 
Furthermore, the signals could not be correlated station-to-station or among lines of evidence 
(i.e., chemistry, toxicity, and bioaccumulation). For example, Station 1-6 exhibited toxicity but 
no effects-inducing levels of PCBs or any other contaminant. Station 7 had higher chemistry 
levels for a number of constituents: chromium bioaccumulated in the Macoma clam, PCBs 
measured by congeners and Aroclors (the latter measurement representing about 80% of the total 
Aroclor concentration detected for the sum of all stations), and PAHs - the concentration for this 
station was at least 6 times higher than at any other station, but was still below effects-inducing 
levels. Sediment grain size characteristics of the ocean bottom appeared to be the most likely 
explanation for toxicity observed at Station 1-6. Qualitatively, these various individual station 
results did not appear to be correlated. Quantitatively, attempts to use statistics to probe for 
correlations did not reveal any relationships. As described in Section 2.5.12.4, Principal 
components analysis (PCA) uncovered the following factors and their corresponding 
contributions to the total variability (% in parentheses) in all SINKEX measurements:  



• Hg, Ni, Ag, TOC (31%); 



• Grain Size (28%);  



• Cd, Cu, total PCBs (21%);  



• CaCO3, Al, Cr, Fe (21%).  



Each of the four factor groupings accounted for between one-fifth and one-third of the total 
variability. As described in Section 3.2.3.2, Pearson’s correlation statistical tests were used to 
test for relationships between sediment and tissue concentrations, but none were found. 



It is speculated that there were more contaminants released from the break in the ship and 
deposited into the sediments after the ship settled onto the ocean bottom, relative to the other 
parts of the hulk. The break in the hull, internal structures, and equipment at the rear of the ship 
may have caused an increase in exposed surface area of the inside of the hulk for leaching and/or 
particulate transfer of contaminants from shipboard materials into the environment. 



In summary, based on the sampling design, in which individual stations represented replicates 
for both the ship and reference sites, the elevated contaminant and toxicity results observed did 
not contribute to an overall significant difference between ship and reference sites.  



4.6. Risk Determination 
4.6.1. Primary Lines of Evidence in Decision Matrix  
Based on the analysis of the three primary lines of evidence (Table 4-1), which compared (1) 
PCB concentrations in sediment, (2) PCB concentrations in tissue, and (3) sediment toxicity 
between samples from the ex-AGERHOLM ship site (Inner Ring, #1) and those from the 
reference site (Outer Ring, #4), there is no significant risk to the marine environment from PCBs 
onboard the ex-AGERHOLM.  











 



4.6.2. Supplementary Lines of Evidence  



4.6.2.1. Analysis of Other PCB Data and Individual Station Comparisons 
There are isolated individual spikes of sediment and tissue PCB concentrations, as well as 
toxicity, which were observed at individual sampling stations. However, no qualitative or 
quantitative correlations were detected among these signals with respect to specific location (i.e., 
individual sampling stations), line of evidence (i.e., sediment chemistry, toxicity, 
bioaccumulation), and environmental compartment (i.e., sediment vs. tissue concentrations). 



4.6.2.2. Analysis of Secondary COCs  
Based on the assessment of secondary COCs, there appears to be several metals (Ni, Cd, Cu, and 
Ag) that have been released from (presumably by corrosive/dissolution processes) the vessel 
accumulating in the sediment near the ship. 



One of these metals (Ni) was present at sediment concentrations high enough to pose a localized 
risk to site ecology, while two others (i.e., Cu and Cd) were measured at sediment concentrations 
high enough to pose a low but possible risk. However, there is low confidence in the accuracy of 
the Nickel effects benchmark. 



Three metals (Cd, Cu, and Ag) were shown in laboratory tests to bioaccumulate at higher levels 
in test organisms exposed to the ship sediments (relative to those exposed to reference site 
sediments). Copper was the only one that accumulated to levels much higher than observed in 
“clean” Mussel Watch stations. 



Three other metals (Pb, Hg, and Zn) bioaccumulated in both ship and reference sediment 
laboratory tests – to levels higher than the “clean” Mussel Watch stations, indicating a possible 
elevated level of these metals in ocean sediments in this region. 



4.6.2.3. Evaluation of Benthic Community and Grain Size 
Relative to the available literature on lower slope communities off of Southern California, both 
the ex-AGERHOLM ship and reference sites appear to support diverse, but not abundant benthic 
communities. No differences in whole community ecological structure measures were observed 
between the two sites. Physical characteristics, especially grain size, which differed between the 
ship and reference sites, were weakly correlated, statistically, with differences observed among 
taxonomic sub-groupings of benthic community structure between the two sites (see 3.1.3). 
These physical differences may also explain the toxicity observed at Station 1-6. 



4.6.2.4. Supplementary Sablefish Analysis 
The overall risk determined by the probability of exceeding benchmarks for Total PCBs showed 
very low risk of potentially harmful exposure to the deep-sea pelagic community and negligible 
risk to sablefish from critical body residues of Total PCB. 



4.7. Comparison with Global Marine PCB Data 
Figure 4-13 summarizes numerous studies from the scientific literature where PCBs were 
detected in marine sediments bringing an additional global perspective to the ex-AGERHOLM 
study. Very limited amounts of data are available for deeper ocean benthic samples and, as a 
result, data from shallower samples are presented. Data are reported as dry weight or were 











 



converted to dry weight concentrations if sufficient supporting data was provided. Wet weight 
concentrations that could not be converted have been incorporated as reported. Compared to 
information compiled in Figure 4-13, average Inner Ring PCB sediment concentrations at the ex-
AGERHOLM site (3.9 µg/kg) are below approximately 50% of the concentrations reported in 
the general global sediment PCB literature. 



 



Figure 4-13. Global marine sediment PCB concentrations (from Section 2.3.4). 



A review of the scientific literature (late 1970s to 2002, Appendix M) provided additional 
perspective on the potential effects of ex-AGERHOLM sediment PCB concentrations on resident 
biota. An attempt was made to locate a broad range of data focusing on open-ocean and deep 
ocean PCB sediment concentrations, and to relate these concentrations to published PCB toxicity 
values. Figure 4-14 summarizes biological effects of sediment PCB concentrations found in the 
scientific literature. Studies relating sediment PCB concentrations to effects on marine organisms 
vary in types of tests, organisms and sediments tested. Several types of toxicity tests of varying 
durations with several species and different life stages have been reported in the literature, 
possibly contributing to the wide range of PCB concentrations causing effects. These studies 
used natural or spiked sediments with results generally reported on a dry weight basis, and not 
normalized to total organic carbon content. A review of this figure indicates that the average 
sediment concentration measured at the ex-AGERHOLM site is much lower than all 
concentrations reported to have adverse effects on a wide variety of organisms. Additionally, it is 
noted that even the highest measured concentration (excluding sediment cores) in the ex-
AGERHOLM study (9.8 µg/kg, Station 1-7) was below any of these measured effects 
concentrations. 
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Figure 4-14. Sediment PCB toxicity reported from the literature, PCB concentrations reported may be as an 
Aroclor equivalent, or the sum of several congeners (from Section 2.3.4). 



Figure 4-15 summarizes literature values documenting PCB concentrations in pelagic and 
benthic species tissue samples. It provides some indication of field concentrations in whole body 
and muscle tissues. Much of the data reported in the scientific literature is reported as lipid-
normalized, or from other tissues such as liver. Tissue PCB concentrations vary over a wide 
range of concentrations (vertical bars) across the species measured. Average total PCB 
concentrations in ex-AGERHOLM bioaccumulation test organism tissues ranged from 16.81-
21.85 µg/kg (Inner Ring-Outer Ring, Macoma) to 18.1-29.43 µg/kg (Inner Ring-Outer Ring, 
Nephtys) and fall in the lower 30-40 percent of data presented in Figure 4-15. Comparing all ex-
AGERHOLM bioaccumulation data (ranges in Table 3-51) with the information presented in 
Figure 4-15 suggests that surrogate tissue concentrations from the SINKEX study fall within the 
lower range of concentrations reported in typical field-collected organisms. 



More important than simple comparisons of tissue body burdens are those comparisons based on 
some kind of observed effects. Species sensitivity distributions (SSDs) of effects from critical 
body residues of PCBs in fish were developed for the supplementary Sablefish analysis to 
compare the PCB residues found in specimens collected from both the ship and reference sites to 
a larger data set obtained from the literature. Derived from toxicity data, SSDs are cumulative 
distribution functions, which describe the proportion of a class of organisms (i.e., fish) expected 
to be affected by a given level of exposure to a contaminant (Posthuma et al 2001, Maltby et al. 
2005). The SSDs for the No Observed Effects Dose (NOED) is shown in Figure 4-16, indicating 
that the residues from the SINKEX study were well below observed effects levels for all species 
of fish from the literature.  
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Figure 4-15. PCB concentrations in marine species whole body or muscle tissues (dry weight). PCB 
concentration may be as an Aroclor equivalent, or as the sum of congeners measured; single values, mean 
values, and extremes of ranges are included as single points (from Section 2.3.4). Mean combined Macoma + 
Nephtys (41 ppb) and mean sablefish (345 ppb) tissue PCB bioaccumulation concentrations for the ex-
AGERHOLM site (combined Inner and Outer Rings) indicated by dashed lines. 
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Figure 4-16. Total PCB species sensitive distribution (SSD) of NOEDs for Critical Body Residues (CBR) and 
exposure distributions for reference and ship shown as a probability density function. 



4.8. Uncertainty Analysis 
Sources of uncertainty in this study were as follows: 



1. Small number of samples: Because of sampling difficulties, fewer samples than originally 
planned were collected, which resulted in a decrease of statistical power and confidence in 
the data. The decrease in the planned number of samples was due to difficulties in obtaining 
high-quality sediment samples from the heterogeneous (rock and sediment) bottom substrate, 
requiring a reduction in the scope of the sampling design from four concentric rings to one 
Inner Ring and one Outer Ring, thereby decreasing the total number of stations assessed and 
sediment samples retrieved. 



2. Long time lapse between field sampling events: Samples were taken over a one-year 
period, which introduced the possibility of a time-dependent error that decreased the ability 
to statistically discriminate differences between ship and reference sites. Specifically, most 
ship stations were sampled in September 1998 and most of the reference stations were 
sampled in November 1999. This time lapse of 15 months between field collections was due 
to: 



• Scheduling difficulties associated with availability of ship time and ROV 
availability/downtime, and 



• Sampling difficulties in the hard bottom sediment matrix required modifications to the 
overall sampling plan, including the re-engineering of sampling equipment (e.g., geared 
closing mechanisms) and changes in the field sampling approach (e.g., reversion to the 
small boxcore after a developmental piston corer failed to obtain samples). 



3. Inconsistencies in lab analyses caused by time lapse (#2, above): Samples taken over a 
year apart caused some inconsistencies in analytical procedures as itemized below: 
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• In a few cases, samples were analyzed by different laboratories, different personnel, 
different methods, and different equipment, however the precision and accuracy of the 
overwhelming majority of the results is not in question. 



• For the bioaccumulation tests, different-sized worms (Neanthes) caused confusion in the 
comparison of growth rates. The different worm sizes were directly related to the specific 
seasons during which the test organisms were collected. 



4. Possible laboratory contamination: There were two unexpected instances of possible 
external contamination of laboratory animals/equipment, leading to difficulties in 
interpretation: 



• An increase in tissue PCBs in Macoma and Nephtys during bioaccumulation tests, 
possibly due to contaminated lab water or sediments. 



• High initial body burdens of PAHs in Macoma, most likely from stock test organisms, 
which were not discovered until detailed analysis of the data was accomplished. 



5. Different sediment used for chemical and biological tests: The complications in sampling 
design, caused by the challenges explained above, forced a two-pronged requirement at every 
sediment station to retrieve one small, undisturbed sample of sediment for chemical analysis 
and several larger samples from the same station composited as one large volume of 
sediment for bioassays (i.e., toxicity testing and bioaccumulation). Since the only effective 
sampling device for sediments proved to be the small boxcores, approximately 11-12 
boxcore samples were required to produce a composite sample large enough to support 
bioassay testing of a single sampling station. Because sediments used for bioaccumulation 
testing were obtained and treated differently than sediment chemistry samples, and due to the 
apparent heterogeneity of contaminants, statistical testing attempting to link sediment and 
tissue concentrations was not successful. 



6. Only one study site used: During initial planning stages, a scientific review panel thought 
that it was necessary to conduct investigations at more than just one SINKEX site. Although 
considerable time, resources and effort were spent attempting to find more than one SINKEX 
vessel, only the ex-AGERHOLM was located and subsequently utilized as a study site. 



It was determined that the above uncertainties did not cause an incorrect conclusion in either the 
individual lines of evidence or in the overall assessment of risk. 



4.9. Summary Conclusions 
In conclusion, there is no evidence of adverse effects and no incremental risk to the marine 
environment associated with PCBs-ISM onboard the ex-AGERHOLM. The study followed an 
overall technical approach centered on a Weight-of-Evidence based decision matrix. This 
technical approach was the result of planning and consensus among Navy and US EPA risk 
assessors and managers, before the study plan was executed. The study adhered to principles laid 
out by the US EPA and the Army Corps of Engineers in the two documents that guide the 
conduct of ocean sediment testing and ecological risk assessment. A simple, 2-sample “study 
site” vs. “reference site” statistical testing design was used; however, the execution of deep 
ocean sampling over a period of one year required the use of a 2-way Analysis of Variance 
(ANOVA) rather than a simple “t-test.” No significant differences were found between the study 
site and reference sites, for any of the three primary lines of evidence (sediment chemistry PCBs, 











 



sediment toxicity, and PCB bioaccumulation). No differences in whole community ecological 
structure measures were observed between the two sites. Physical characteristics, especially 
grain size, which differed between the ship and reference sites, weakly correlated with, and may 
explain differences observed among taxonomic sub-groupings of benthic community structure 
between the two sites. These physical differences may also explain the apparent toxicity 
observed at Station 1-6. Isolated, elevated measurements for some COCs (PCBs, metals, PAHs) 
in sediment and tissue samples were observed for some stations, and these higher concentrations 
appeared to be clustered near the massive break in the ship structure. With the exception of three 
metals, the elevated COCs were not high enough to trigger statistical significance when 
combined as replicates in the Inner vs. Outer Ring comparisons. Nickel poses a probable 
localized risk while copper and cadmium pose a possible, but low localized risk. The 
supplemental sablefish analysis found low risk of potentially harmful exposure to the deep sea 
pelagic community and negligible risk to sablefish from critical body residues of Total PCBs. 
The human health risk assessment concluded there was negligible risk to the human consumers 
of sablefish though the commercial market basket pathway. Finally, when compared to global 
data on marine PCBs, the PCB concentrations found at the ex-AGERHOLM site are well below 
any observed effects levels.  
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Appendix A. Benthic Infauna Data 
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Appendix B. Global Marine Sediment PCB Concentrations 
 
Location/Depth PCB Concentration(s)/Type Reference 
Santa Barbara Basin 
(West Coast USA) 
(595m) 
Southern California Bight  



103 ppb (mid 1960s); as Aroclor 1254  Hom et al., 1974 



   
Open Mediterranean Sea  
(1000-3840m; 0-1cm)  



0.8-8.9 ppb dry wt (1981); as Phenoclor DP6 Geyer et al., 1984 



   
Open Mediterranean Sea  
(2900m; 0-1cm)  



1.9 ppb dry wt (1983); as Aroclor 1260  Burns and Villeneuve 1987 



   
Open Western Mediterranean Sea  0.8-33 ng/gm dry wt; as Aroclor 1260  Tolosa et al., 1997 
   
Gulf of Maine USA 
(132-330m)  



10-80 ppb dry wt (1983); total PCBs Larsen et al., 1985 



   
North Sea  
(200-300m)  



1.1 to 3.7 ppb dry wt (1980-85); PCB type not 
stated 



Basford and Eleftheriou, 
1988 



   
Gulf of Alaska  
(27 – 249m)  



2 ppb dry wt (1990); total PCBs  Iwata et al., 1994 



   
Bering Sea  
(27 - 249m)  



0.13 ppb dry wt (1990); total PCBs  Iwata et al., 1994 
 



   
Chukchi Sea  
(27 – 249m)  



0.14 ppb dry wt (1990); total PCBs Iwata et al., 1994 



   
Western Baltic Sea  
 



0.12-11.4 ppb dry wt (1996)  
Sum of 23 congeners  



Dannenberger et 
al., 1996 



   
Bering – Chukchi Seas  
Depth not reported  



8.5-16.5 ng/g dry wt. (1993)  
Sum of 113 congeners  



Strachan et al., 2001  



   
NW Mediterranean Sea  
(>1000 - >2000m)  



0.1-1.3 ppb dry wt (1995) 
range of 12 individual congeners 



Tolosa et al., 1995 



   
Central Adriatic Sea  
 



0.3-6.6 ppb dry wt (1993)  
As Aroclor 1254  



Dujmov et al., 1993 



   
Northern Adriatic Sea  
 



3-25 ppb dry wt (1993)  
Total PCBs  



Caricchia et al., 1993 



   
Eastern Baltic Sea  
(approx. 50m)  



2-14 ppb dry wt (1995)  
Total PCBs  



Van Bavel et al., 1995 



   
Adriatic Sea  
 (100-138m)  



9.22-24.67 ppb dry wt (1993)  
Total PCBs  



Galassi et al., 1993 
 



   
Southern California  
Rural Coastal Shelf (60m)  



5-39 ppb dry wt (1977-85)  
Total PCBs  



NOAA 1991 
 



   
Southern California  
Coastal Islands  



0.28-1.2 ppb dry wt (1985) Total PCBs  NOAA 1991 











Appendix B: Global Marine Sediment PCB Concentrations 



Location/Depth PCB Concentration(s)/Type Reference 
   
Mid-Atlantic Bight  
USA 



33-2063 ppb dry wt (1984-87)  
Total PCBs normalized to % fines  



NOAA 1991 



   
Pacific Northwest Coast California 
USA  



5-44 ppb dry wt (1984-87)  
Total PCBs normalized to % fines  



NOAA 1991 



   
Southern California Bight  
California USA 



17-977 ppb dry wt (1984-87)  NOAA 1991 



   
Gulf of Mexico  
USA 



1.4-322 ppb dry wt (1993-994) 
Total PCBs 



Maruya et al., 1997 



 
 











 



Appendix C. PCB Concentrations In Pelagic And Benthic 
Species Tissues 



 
Species Location PCB Concentration PCB Type Reference 



     
Plankton     



     
Zooplankton Newfoundland 0.667 ppb wet weight 



(whole bodies) 
sum of all ortho 
substituted 
congeners 



Ray et al., 1999 



     
Zooplankton  Newfoundland 85.7 ppb lipid wt (whole 



bodies) 
sum of all ortho 
substituted 
congeners 



Ray et al., 1999 



     
Zooplankton Arctic Canada 15.66-33.8 ppb dry wt 



(whole bodies) 
sum of 89 congeners Fisk et al., 2001 



     
Coelenterates     
     
Sea Pansy Gulf of Mexico 850 ppb wet wt (whole 



body tissue) 
Aroclor 1254 Giam et al., 1971 



     
Crustaceans     
     
Mesopelagic 
crustaceans 



Atlantic Ocean 8.9-35 ppb wet wt (whole 
body tissue ), 490-1040 
ppb lipid wt  



 Harvey et al., 
1971 



     
Crustaceans Suruga Bay, 



Japan 
780-2800 ppb lipid wt 
(Whole body tissue) 



Kenechlor mixture Lee et al., 1997 



     
Amphipods Arctic Abyssal 4448-15093 ppb dry wt 



(whole body tissue) 
Aroclor 1254 Hargrave et al., 



1992 
     
Amphipods Northwest 



Territory, 
Canada 



32-36 ppb wet wt (whole 
body) 



sum of 47 congeners Bright et al., 
1995 



     
Amphipods Barents Sea 38-50 ppb lipid wt. (whole 



body) 
sum of 28 congeners Borga et al., 



2001 
     
Copepods Barents Sea 44-46 ppb lipid wt. (whole 



body) 
sum of 28 congeners Borga et al., 



2001 
     
Euphausiids Barents Sea 28-29 ppb lipid wt. (whole 



body) 
sum of 28 congeners Borga et al., 



2001 
     
Spiny lobster  Santa Catalina 



Island, California 
(1977) 



10 ppb wet wt (edible 
tissue) 



total PCBs NOAA 1991 



     
Lobster Atlantic Coast 



USA 
0.7-2.2 ppm dry wt 
(muscle tissue) 



sum of 18 congeners Gadbois et al., 
1996 



     











Appendix C: PCB Concentrations In Pelagic And Benthic Species Tissues 



Species Location PCB Concentration PCB Type Reference 
Ridgeback prawn  Santa Catalina 



Island, California 
(1976) 



16 ppb wet wt (edible 
tissue) 



total PCBs NOAA 1991 



     
Crabs Gulf of Mexico 17 ppb wet wt (whole 



body tissue)  
Aroclor 1254 Giam et al., 1971 



     
Crab (Macropipus 
tuberculatus) 



Western 
Mediterranean 



16.5 ppb wet wt (whole 
body tissue) 



sum of 7 congeners Porte and 
Albaiges 1993 



     
Lithodid crab  Suruga Bay, 



Japan 
780 ppb lipid wt (muscle 
tissue) 



Kenechlor mixture Lee et al., 1997 



     
Lithodid Crab  Suruga Bay, 



Japan 
1000-1100 ppb lipid wt 
(misc organs) 



Kenechlor mixture Lee et al., 1997 



     
Glyphocrangon shrimp Suruga Bay, 



Japan 
930 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Stout red shrimp Suruga Bay, 



Japan 
930 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Botan shrimp Suruga Bay, 



Japan 
1500 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Japanese lobster Suruga Bay, 



Japan 
1600 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Giant red shrimp Suruga Bay, 



Japan 
510 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Indian Ocean 
lobsterette 



Suruga Bay, 
Japan 



1100 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Jack-knife shrimp Suruga Bay, 



Japan 
1100 ppb lipid wt (whole 
body tissue); as 
Kenachlor mixture  



 Takahashi et al., 
1998 



     
Lithodid crab Suruga Bay, 



Japan 
780 ppb lipid wt (muscle 
tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Lithodid crab Suruga Bay, 



Japan 
1100 ppb lipid wt (other 
organ tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Lithodid crab Suruga Bay, 



Japan 
1000 ppb lipid wt 
(hepatopancreas) 



Kenachlor mixture Takahashi et al., 
1998 



     
Lithodid crab Suruga Bay, 



Japan 
1100 ppb lipid wt (gill 
tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Isopoda Suruga Bay, 



Japan 
2800 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Echinoderms     
     
Colonial tunicate Gulf of Mexico 139 ppb wet wt (whole 



body tissue) 
Aroclor 1254 Giam et al., 1971 



     











Appendix C: PCB Concentrations In Pelagic And Benthic Species Tissues 



Species Location PCB Concentration PCB Type Reference 
Sea star (Acanthaster 
planci)  



South Pacific 
Islands 



0.01-0.21 ppm wet wt 
(gonad tissue)  



 McCloskey and 
Deubert 1973 



     
Sea stars and urchins Suruga Bay, 



Japan 
1400-1900 ppb lipid wt 
(Whole body tissue) 



Kenechlor mixture Lee et al., 1997 



     
Sea urchin 
(Strongylocentrotus 
droebachiensis)  



Northwest 
Territory, 
Canada 



<1.0-210 ppb wet wt 
(whole body) 



sum of 47 congeners Bright et al., 
1995 



     
Sea cucumber 
(Holothurian) 



Suruga Bay, 
Japan 



380 ppb lipid wt (whole 
body tissue) 



Kenechlor mixture Lee et al., 1997 



     
Sea cucumber 
(Holothurian) 



Atlantic Ocean 0-0.5 ppb wet wt (whole 
body) 



 Grassle, et al., 
1986 



     
Sun starfish Suruga Bay, 



Japan 
1400 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Goniasterid sea star Suruga Bay, 



Japan 
1500 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Echinothurid sea 
urchin 



Suruga Bay, 
Japan 



1900 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Sea cucumber 
(Holothurian) 



Suruga Bay, 
Japan 



380 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Molluscs     
     
Mussel (Mytilus edulis)  U.S. National 



Grand Mean 
0.015 ppm wet wt (whole 
body) 



total PCBs NOAA 1988 



     
Mussel (Mytilus 
galloprovincialis) 



Western 
Mediterranean 



6.6 ppb wet wt (whole body 
tissue) 



sum of 7 congeners Porte and 
Albaiges, 1993 



     
Mussel (Mytilus sp.) Western 



Mediterranean 
3-2700 ppb wet wt (whole 
body assumed)  



Aroclor 1254 from 
1972-1990 



Tolosa et al., 
1997 



     
Mytilus californianus Channel Islands, 



California 
6-69 ppb wet wt (whole 
tissue) 



Aroclor 1254 NOAA 1991 



     
Mytilus californianus Channel Islands, 



California 
6-110 ppb dry wt (whole 
tissue) 



Aroclor 1254 NOAA 1991 



     
Mytilus californianus Channel Islands, 



California (1986) 
125 ppb wet wt (whole 
tissue) 



Aroclor 1254 NOAA 1991 



     
Mytilus californianus  Channel Islands, 



California (1988) 
17 ppb wet wt (whole 
tissue) 



Aroclor 1254 NOAA 1991 



     
Scallop (Hinnites sp.) Santa Catalina 



Island, California 
(1973-74) 



3 ppb wet wt (edible tissue) total PCBs NOAA 1991 



     
Scallop (Hinnites sp.)  Cortez Bank, 



California (1975) 
7 ppb wet wt (edible tissue) total PCBs NOAA 1991 



     











Appendix C: PCB Concentrations In Pelagic And Benthic Species Tissues 



Species Location PCB Concentration PCB Type Reference 
Cephalopods Suruga Bay, 



Japan 
1900 ppb lipid wt (whole 
body tissue) 



Kenechlor mixture Lee et al., 1997 



     
Cuttlefish Suruga Bay 



Japan 
580 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Octopus Suruga Bay, 



Japan 
2100 ppb lipid wt (viscera 
tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Octopus Suruga Bay, 



Japan 
 670 ppb lipid wt (muscle 
tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Japanese common 
squid 



Suruga Bay, 
Japan 



1900 ppb lipid wt (whole 
body tissue) 



Kenachlor mixture Takahashi et al., 
1998 



     
Squid Southern 



hemisphere 
oceans 



<10-25 ppb wet wt (liver 
tissue) 



total PCB Yamada et al., 
1997 



     
Squid  Northwestern 



Atlantic 
110 ppb wet wt (liver 
tissue)  



total PCB Yamada et al., 
1997 



     
Market squid  Southern 



California coast 
(1980-81) 



10 ppb wet wt (edible 
tissue)  



total PCBs NOAA 1991 



     
Squid Southern 



hemisphere 
10-25 ppb wet wt (liver 
tissue) 



Kenachlor mixture Yamada et al., 
1997 



     
Squid Japanese waters 50-310 ppb wet wt (liver 



tissue) 
Kenachlor mixture Yamada et al., 



1997 
     
Squid Northwestern 



Atlantic 
110 ppb wet wt (liver 
tissue) 



Kenachlor mixture Yamada et al., 
1997 



     
Squid Bay of Biscay 280 ppb wet wt (liver 



tissue) 
Kenachlor mixture Yamada et al., 



1997 
     
Fish     
     
Mesopelagic fishes North Atlantic 1-170 ppb wet wt; 40-



38,000 ppb lipid wt  
 Grassle, et al., 



1986 
     
Mesopelagic fishes Gulf of Mexico 2-926 ppb wet wt   Grassle, et al., 



1986 
     
Mesopelagic fish  Atlantic Ocean 10-59 ppb wet wt (whole 



body tissue ); 1460-7300 
ppb lipid wt 



 Harvey et al., 
1971 



     
Mesopelagic fish Western 



Mediterranean 
1.0-2.1 ppb wet wt. 
(muscle); 166-327 ppb wet 
wt (liver); 2.9-20.3 ppb wet 
wt (gills); 5.1-8.8 ppb wet 
wt (digestive tract) 



 Garcia et al., 
2000 



     











Appendix C: PCB Concentrations In Pelagic And Benthic Species Tissues 



Species Location PCB Concentration PCB Type Reference 
Mesopelagic fish Western North 



Atlantic (300-
1500 m) 



2.3-5.7 ppb wet wt (whole 
body less liver) 



Aroclor 1254 Stegeman et al., 
2001 



     
Myctophid fish Mediterranean 50 ppb dry wt. (whole 



body) 
Phenoclor DP-5 CRC, 1990 



     
Myctophid fish Western 



Mediterranean 
240 ppb dry wt. (whole 
body) 



Aroclor equivalent Burns and 
Villeneuve, 1987 



     
Myctophid fish Central/Eastern 



Mediterranean 
27-89 ppb dry wt. (whole 
body)  



Phenoclor DP-5 Fowler and Elder, 
1978  



     
Myctophid fish Open western 



North Pacific 
20-370 ppb lipid wt. (whole 
body)  



sum of 117 congeners Takahashi et al., 
2000  



     
Mora moro Northwest ern 



Mediterranean 
Sea (1000 m) 



24 ppb wet wt. (muscle)  sum of 22 congeners Sole et al., 2001  



     
Mullus sp.  Western 



Mediterranean 
17-1529 ppb wet wt 
(muscle tissue assumed)  



Aroclor 1254 (from 
1977-1990) 



Tolosa et al., 
1997 



     
Antimora rostrata (rattail 
fish)  



Atlantic Ocean 3.8-12.5 ppm lipid wt (liver 
tissue) 



total PCBs Barber and 
Walen, 1979 



     
Rattail fish Atlantic Ocean 0.5 ppb wet wt (muscle 



tissue); 340 ppb wet wt 
(liver tissue) 



 Grassle, et al., 
1986 



     
Rattail fish, 
Coryphaenoides 
armatus  



Northwestern 
Atlantic 



0.316-5.38 ppm wet wt 
(liver tissue) 



Aroclor 1254 Grassle, et al., 
1986 



Rattail fish, 
Coryphaenoides 
armatus 



Northwestern 
Atlantic 



4;0.027-0.738 ppm wet wt 
(liver tissue) 



Aroclor 1268 Grassle, et al., 
1986 



     
Rattail fish, 
Coryphaenoides 
armatus 



Northwestern 
Atlantic 



0.37-6.14 ppm wet wt (liver 
tissue) 



total PCB Grassle, et al., 
1986 



     
Antimora rostrata Northwestern 



Atlantic 
2.39-6.71 ppm wet wt (liver 
tissue) 



Aroclor 1254 Grassle, et al., 
1986 



     
Antimora rostrata  Northwestern 



Atlantic 
2.86-7.14 ppm wet wt (liver 
tissue)  



total PCB Grassle, et al., 
1986 



     
Coryphaenoides 
rupestris  



Northwestern 
Atlantic 



0.577-0.645 ppm wet wt 
(liver tissue)  



Aroclor 1254 Grassle, et al., 
1986 



     
Coryphaenoides 
rupestris  



Northwestern 
Atlantic 



0.65-0.78 ppm wet wt 
(liver) 



total PCB Grassle, et al., 
1986 



     
Rattail fish, 
Coryphaenoides 
armatus  



Northwestern 
Atlantic 



215-3920 ppb wet wt (liver 
tissue) 



total of 24 congeners Grassle, et al., 
1986 



     
Rattail fish Atlantic Coast 



USA 
1.7-33.8 ppm dry wt (liver 
tissue)  



sum of 18 congeners Gadbois et al., 
1996 











Appendix C: PCB Concentrations In Pelagic And Benthic Species Tissues 



Species Location PCB Concentration PCB Type Reference 
     
Antimora rostrata  Cape Hatteras, 



North Carolina 
(2500 m) 



3.8-12.5 ppm lipid wt  total PCBs Risebrough et 
al., 1976 



     
Anoplopoma fimbria 
(Sablefish)  



Farallon Islands, 
California 



56 ppm lipid wt (liver 
tissue); 7 ppm wet wt 



total PCBs Melzian et al., 
1987 



     
Sablefish (Anoplopoma 
fimbria)  



Santa Monica 
Bay, California 
(1977) 



11541 ppb wet wt (liver 
tissue)  



Total PCBs NOAA 1991 



     
Microstomus pacificus 
(Dover sole)  



Farallon Islands, 
California 



16 ppm lipid wt (liver 
tissue); 1.6 ppm wet wt 



total PCBs Melzian et al., 
1987 



     
Brotulid fish  Atlantic Ocean 36 ppb wet wt (muscle 



tissue); 1200 ppb wet wt 
(liver tissue)  



 Grassle, et al., 
1986 



     
Black scabbard fish 
(Aphanopus carbo)  



North Atlantic 5.8 ppm (liver tissue) Aroclor 1260 Grassle, et al., 
1986 



     
Black Scabbard Fish 
(Aphanopus carbo) 



North Atlantic 5800 ppm lipid wt (liver 
tissue)  



sum of congeners 28, 
52, 101, 138, 153, 180 



Ballschmitter et 
al., 1997 



     
Black Scabbard Fish 
(Aphanopus carbo)  



Eastern North 
Atlantic 



5800 ppb lipid wt (liver 
tissue)  



total PCB Kramer et al., 
1984 



     
Open water fishes  Gulf of Mexico 53-150 ppb wet wt (whole 



body tissue)  
Aroclor 1254 Giam et al., 1971 



     
Open water fishes  Gulf of Mexico 20-36 ppb wet wt (whole 



body tissue)  
Aroclor 1260 Giam et al., 1971 



     
Grouper Gulf of Mexico 3-220 ppb wet wt (muscle 



tissue) 
Aroclor 1260 Giam et al., 1971 



     
Mullet (Mullus 
barbatus)  



Western 
Mediterranean 



27.3 ppb wet wt (muscle 
tissue)  



sum of 7 congeners Porte and 
Albaiges 1993 



     
Mullet (Mullus 
surmuletus)  



Western 
Mediterranean 



30.1 ppb wet wt (muscle 
tissue)  



sum of 7 congeners Porte and 
Albaiges 1993 



     
Tunafish (Thunnus 
thynnus)  



Western 
Mediterranean 



15.1 ppb Wet wt (muscle 
tissue) 



sum of 7 congeners Porte and 
Albaiges 1993 



     
Scorpionfish  Suruga Bay, 



Japan 
1200 ppb lipid wt (whole 
body tissue)  



Kenechlor mixture Lee et al., 1997 



     
Scorpionfish  Suruga Bay, 



Japan 
1200 ppb lipid wt (whole 
body tissue)  



Kenechlor mixture Takahashi et al., 
1998 



     
Dory Suruga Bay, 



Japan 
780 ppb lipid wt (whole 
body tissue) 



Kenechlor mixture Takahashi et al., 
1998 



     
Green-eye Suruga Bay, 



Japan 
720 ppb lipid wt (whole 
body tissue)  



Kenechlor mixture Takahashi et al., 
1998 



     











Appendix C: PCB Concentrations In Pelagic And Benthic Species Tissues 



Species Location PCB Concentration PCB Type Reference 
Dogfish shark  Suruga 



Bay,Japan 
1000 ppb lipid wt (liver 
tissue)  



Kenechlor mixture Takahashi et al., 
1998 



     
Argentine fish  Suruga Bay, 



Japan 
450 ppb lipid wt (whole 
body tissue) 



Kenechlor mixture Takahashi et al., 
1998 



     
Cusk eel  Suruga Bay, 



Japan 
1900 ppb lipid wt (whole 
body tissue) 



Kenechlor mixture Takahashi et al., 
1998 



     
Four horn sculpin  Northwest 



Territory, 
Canada 



7.3-230 ppb wet wt (whole 
body - less liver)  



sum of 47 congeners Bright et al., 
1995 



     
Short horn sculpin  Northwest 



Territory Canada 
1.4-38 ppb wet wt (whole 
body - less liver)  



sum of 47 congeners Bright et al., 
1995 



     
Four horn sculpin  Northwest 



Territory, 
Canada 



6.8-1300 ppb wet wt 
(liver)  



sum of 47 congeners Bright et al., 
1995 



     
Short horn sculpin  Northwest 



Territory, 
Canada 



5.5-220 ppb wet wt (liver) sum of 47 congeners Bright et al., 
1995 



     
Tilefish  Middle Atlantic 



Bight, Lydonia 
Canyon 



1.7-28.7 ppb dry wt 
(muscle tissue) 



sum of 20 congeners Steimle et al., 
1990 



     
Tilefish  Middle Atlantic 



Bight, Lydonia 
Canyon 



12.1-322.9 ppb dry wt (liver 
tissue) 



sum of 20 congeners Steimle et al., 
1990 



     
Tilefish Middle Atlantic 



Bight, Lydonia 
Canyon 



10.3-282.9 ppb dry wt 
(gonad tissue)  



sum of 20 congeners Steimle et al., 
1990 



     
Tilefish Middle Atlantic 



Bight, Lydonia 
Canyon 



0.3-15 ppb dry wt (muscle 
tissue)  



sum of 20 congeners Steimle et al., 
1990 



     
Tilefish Middle Atlantic 



Bight, Hudson 
Canyon 



3.3-82.3 ppb dry wt (Liver 
tissue) 



sum of 20 congeners Steimle et al., 
1990 



     
Tilefish Middle Atlantic 



Bight, Hudson 
Canyon 



4.2-45.5 ppb dry wt (gonad 
tissue)  



sum of 20 congeners Steimle et al., 
1990 



     
Tilefish (Lopholatilus 
chamaeleonticeps)  



Atlantic Coast, 
USA 



0.2-0.73 ppm dry wt (liver 
tissue) 



total PCBs Steimle et al., 
1990 



     
Lizard fish  Gulf and Atlantic 



Coasts, USA 
10-80 ppb dry wt (muscle 
tissue)  



Aroclor 1254 Boehm and 
Hirtzer 1982 



     
Lizard fish  Gulf and Atlantic 



Coasts, USA 
100-2130 ppb dry wt (liver 
tissue)  



Aroclor 1254 Boehm and 
Hirtzer 1982 



     
Fish (Lycodes frigidus)  Arctic Abyssal 1300 ppb dry wt (liver 



tissue) 
Aroclor 1254 Hargrave et al., 



1992 











Appendix C: PCB Concentrations In Pelagic And Benthic Species Tissues 



Species Location PCB Concentration PCB Type Reference 
     
Cod (Gadus morhua) Northwest 



Atlantic Ocean 
14-49 ppb wet wt (liver 
tissue)  



Aroclor 1242 Hellou et al., 
1993 



     
Cod (Gadus morhua)  Northwest 



Atlantic Ocean 
1 ppb wet wt (muscle 
tissue) 



Aroclor 1254 Hellou et al., 
1993 



     
Cod (Gadus morhua)  Northwest 



Atlantic Ocean 
86-260 ppb wet wt (liver 
tissue)  



Aroclor 1254 Hellou et al., 
1993 



     
Cod (Gadus morhua)  Northwest 



Atlantic Ocean 
3.2-9.0 ppb wet wt (ovary 
tissue)  



Aroclor 1254 Hellou et al., 
1993 



     
Cod (Gadus morhua)  Northwest 



Atlantic Ocean 
41-130 ppb wet wt (liver 
tissue) 



Aroclor 1260 Hellou et al., 
1993 



     
Cod fish  Northwest 



Atlantic Ocean 
154 ppb wet wt (liver 
tissue) 



Aroclor 1254 Hellou et al., 
1993 



     
Cod fish  Northwest 



Atlantic Ocean 
5.1 ppb wet wt (gonad 
tissue) 



Aroclor 1254 Hellou et al., 
1993 



     
Cod fish  Barents Sea 205 ppb lipid wt. (liver)  sum of 28 congeners Borga et al., 2001 
     
Polar Cod fish  Barents Sea 108 ppb lipid wt. (liver)  sum of 28 congeners Borga et al., 2001 
     
Haddock Barents-



Greenland Seas 
16 ppb dry wt (muscle 
tissue) 



Aroclor 1254 Ali et al., 1997 



     
Long rough dab Barents-



Greenland Seas 
79 ppb dry wt (muscle 
tissue) 



Aroclor 1254 Ali et al., 1997 



     
Redfish Barents-



Greenland Seas 
74 ppb dry wt (muscle 
tissue) 



Aroclor 1254 Ali et al., 1997 



     
Atlantic cod Barents-



Greenland Seas 
461ppb dry wt (muscle 
tissue) 



Aroclor 1254 Ali et al., 1997 



     
Greenland halibut Barents-



Greenland Seas 
249 ppb dry wt (muscle 
tissue) 



Aroclor 1254 Ali et al., 1997 



     
Capelin Barents-



Greenland Seas 
170 ppb dry wt (muscle 
tissue) 



Aroclor 1254 Ali et al., 1997 



     
Capelin Barents-



Greenland Seas 
120 ppb lipid wt (muscle 
tissue) 



Aroclor 1254 Ali et al., 1997 



     
Halibut Barents-



Greenland Seas 
585 ppb dry wt (muscle 
tissue) 



Aroclor 1254 Ali et al., 1997 



     
Haddock, Redfish, 
Halibut, Long rough 
dab, Greenland halibut 



Barents-
Greenland Seas 



200-300 ppb lipid wt 
(muscle tissue)  



Aroclor 1254 Ali et al., 1997 



     
Atlantic cod Barents-



Greenland Seas 
500 ppb lipid wt (muscle 
tissue) 



Aroclor 1254 Ali et al., 1997 



     
Flounder  Gulf and Atlantic 



Coasts, USA 
10-70 ppb dry wt (muscle 
tissue) 



Aroclor 1254 Boehm and 
Hirtzer 1982 











Appendix C: PCB Concentrations In Pelagic And Benthic Species Tissues 



Species Location PCB Concentration PCB Type Reference 
     
Flounder  Gulf and Atlantic 



Coasts, USA 
40-980 ppb dry wt (liver 
tissue) 



Aroclor 1254 Boehm and 
Hirtzer 1982 



     
Turbot Northwest 



Atlantic Ocean 
30.4 ppb wet wt (liver 
tissue) 



Aroclor 1254 Hellou et al., 
1995 



     
Turbot Northwest 



Atlantic Ocean 
24.4 ppb wet wt (muscle 
tissue)  



Aroclor 1254 Hellou et al., 
1995 



     
Turbot  Northwest 



Atlantic Ocean 
1.2 ppb wet wt (gonad 
tissue) 



Aroclor 1254 Hellou et al., 
1995 



     
American plaice  Northwest 



Atlantic Ocean 
16.2-70.2 ppb wet wt (liver 
tissue)  



Aroclor 1254 Hellou et al., 
1995 



     
American plaice  Northwest 



Atlantic Ocean 
11.2-14.8 ppb wet wt 
(muscle tissue)  



Aroclor 1254 Hellou et al., 
1995 



     
American plaice  Northwest 



Atlantic Ocean 
1.0-2.8 ppb wet wt (gonad 
tissue)  



Aroclor 1254 Hellou et al., 
1995 



     
Yellowtail flounder  Northwest 



Atlantic Ocean 
4.7-9.5 ppb wet wt (liver 
tissue)  



Aroclor 1254 Hellou et al., 
1995 



     
Yellowtail flounder  Northwest 



Atlantic Ocean 
0.8-1.8 ppb wet wt (muscle 
tissue)  



Aroclor 1254 Hellou et al., 
1995 



     
Yellowtail flounder  Northwest 



Atlantic Ocean 
1.3-2.3 ppb wet wt (gonad 
tissue)  



Aroclor 1254 Hellou et al., 
1995 



     
Longfin sanddab  San Clemente 



Island, California 
(1985) 



4362 ppb wet wt (liver 
tissue)  



total PCBs NOAA 1991 



     
Pacific sanddab  Santa Monica 



Bay, California 
(1977) 



22316 ppb wet wt (liver 
tissue)  



total PCBs NOAA 1991 



     
Dover sole  Santa Catalina 



Island, California 
(1971-74) 



40-90 ppb wet wt (muscle 
tissue)  



total PCBs NOAA 1991 



     
Shark Northwest African 



Atlantic 
39.4-4,723 ppb wet wt 
(liver) 



sum of 24 congeners Serrano et al., 
2000 



     
Shark Northwest African 



Atlantic 
45.0-5,410 ppb lipid wt 
(liver) 



sum of 24 congeners Serrano et al., 
2000 



     
Grouper Northwest African 



Atlantic 
387 ppb wet wt (liver) sum of 24 congeners Serrano et al., 



2000 
     
Grouper Northwest African 



Atlantic 
1,610 ppb lipid wt (liver) sum of 24 congeners Serrano et al., 



2000 
     
Velvet belly shark Nordfjord, 



Norway 
1470-3870 ppb lipid wt 
(liver tissue) 



sum of 31 congeners Berg et al., 1998 
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Species Location PCB Concentration PCB Type Reference 
Ling cod Nordfjord, 



Norway 
2370-3520 ppb lipid wt 
(liver tissue)  



sum of 31 congeners Berg et al., 1998 



     
Round nose grenadier Nordfjord, 



Norway 
2400 ppb lipid wt (liver 
tissue) 



sum of 31 congeners Berg et al., 1998 



     
Tusk Nordfjord, 



Norway 
3910-82000 ppb lipid wt 
(liver tissue)  



sum of 31 congeners Berg et al., 1998 



     
Jelly wolf fish West Coast, 



Greenland 
110 ppb Lipid wt (muscle 
tissue) 



total PCBs Berg et al., 1998 



     
Blue hake West Coast, 



Greenland 
1156 ppb Lipid wt (muscle 
tissue)  



total PCBs Berg et al., 1998 



     
Flounder Northeastern 



Newfoundland 
<10 ppb Wet wt (muscle 
tissue) 



total PCBs Ray et al., 1998 



     
Hake Gulf and Atlantic 



Coasts, USA 
16-90 ppb dry wt (muscle 
tissue) 



Aroclor 1254 Boehm and 
Hirtzer 1982 



     
Hake  Gulf and Atlantic 



Coasts, USA 
40-410 ppb dry wt (liver 
tissue) 



Aroclor 1254 Boehm and 
Hirtzer 1982 



     
Blue hake Atlantic Coast, 



USA 
1.7-33.8 ppm dry wt (liver 
tissue) 



sum of 18 congeners Gadbois et al., 
1996 



     
Pacific hake  Southern 



California Coast 
(1980-81) 



12 ppb wet wt (edible 
tissue) 



total PCBs NOAA 1991 



     
Pacific sardine  Southern 



California Coast 
(1980-81) 



105 ppb wet wt (edible 
tissue) 



total PCBs NOAA 1991 



     
Northern anchovy  Southern 



California Coast 
(1980-81) 



8 ppb wet wt (edible tissue) total PCBs NOAA 1991 



     
Pacific bonito  Southern 



California Coast 
(1980-81) 



29 ppb wet wt (edible 
tissue) 



total PCBs NOAA 1991 



     
Pacific mackerel  Southern 



California Coast 
(1980-81) 



26 ppb wet wt (edible 
tissue) 



total PCBs NOAA 1991 



     
Jack mackerel  Southern 



California Coast 
(1980-81) 



17 ppb wet wt (edible 
tissue) 



total PCBs NOAA 1991 



     
Swordfish  Southern 



California Coast 
(1980-81) 



20 ppb wet wt (edible 
tissue)  



total PCBs NOAA 1991 



     
Thresher shark  Southern 



California Coast 
(1980-81) 



15 ppb wet wt (edible 
tissue)  



total PCBs NOAA 1991 
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Species Location PCB Concentration PCB Type Reference 
Mako shark  Southern 



California Coast 
(1980-81) 



35 ppb wet wt (edible 
tissue)  



total PCBs NOAA 1991 



     
White shark  Southern 



California Coast 
(1980-81) 



41 ppb wet wt (edible 
tissue)  



total PCBs NOAA 1991 



     
Blue shark  Southern 



California Coast 
(1980-81) 



16 ppb wet wt (edible 
tissue) 



total PCBs NOAA 1991 



     
Coastal fish  U.S. National 



Coastal Average 
<0.1 ppm wet wt (whole 
body)  



total PCBs NOAA 1988 



     
Coastal fish  U.S. National 



Coastal Average 
0.1-0.2 ppm wet wt 
(muscle tissue) 



total PCBs NOAA 1988 



     
Coastal flatfish  Southern 



California 
0.01-1.11 ppm wet wt 
(muscle tissue) 



total PCBs NOAA 1988 



     
Nearshore and benthic 
fish  



U.S. National 
Status and 
Trends Median 
concentration 



0.58 ppm wet wt (liver 
tissue)  



total PCBs NOAA 1988 



     



Values expressed as wet wt. and lipid wt. may vary greatly 



 
 











 



Appendix D. Ancillary Sediment Measurements 
 



Station 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 4-6 
Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 



Sediment Grain Size (%)          
Gravel 32.3 41.6 25.7 25.3 25.6 16.1 21.2 20.3 9.8 
Sand 47.2 45.4 57.0 49.1 55.4 39.4 59.2 60.9 74.4 
Silt 8.6 6.5 9.0 13.6 9.3 16.3 9.7 8.5 8.8 
Clay 11.8 6.4 8.3 12.0 9.7 28.3 10.0 10.3 6.9 
Calcium Carbonate (%) 58 22.2  41.7 29.3 58.3 35.9 54.3 57.4 
Total Organic Carbon (%) 5.06 1.84 9.08 2.75 2.32 4.93 2.41 4.43 2.57 
          
AVS (µmol/g)          
Cadmium 0.01 0.01  0.01 0.01 0.01 0.01 0.03 <0.002 
AVS 0.0028 0.0044  <0.0002 <0.0002 0.0016 0.0008 0.0268 0.0005 
Copper 0.95 1.07  1.69 0.78 0.61 0.64 1.28 0.74 
Lead 0.03 0.03  0.02 0.02 0.01 0.01 0.03 0.02 
Nickel 0.37 0.28  0.41 0.03 0.51 0.48 0.31 0.54 
Zinc 5.68 3.64  5.15 3.54 4.57 4.67 4.87 3.37 



 
 



Station 4-6 1-3.5 1-5/6/7 4-1 4-2 4-3 4-3-1 4-5 4-8 
Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 



Sediment Grain Size (%)          
Gravel   11.2 8.8 0.8  0.7 2.0  
Sand   52.1 50.0 64.0  64.0 74.8  
Silt   16.2 25.7 21.1  20.1 14.0  
Clay   20.6 15.5 14.1  15.2 9.2  
Calcium Carbonate (%) 55.4 40.7 69 44.8 53.8 55.9 56.5 52.6 27.7 
Total Organic Carbon (%) 1.63 1.21 1.01 1.63 1.1 1.46 1.85 1.31 1.57 
          
AVS (µmol/g)          
Cadmium 0.003 0.005 0.068 0.003 0.003 0.003 0.003 0.004 0.004 
Copper 0.03 0.08 0.96 0.01 0.02 0.02 0.02 0.02 0.02 
Iron 0.55 0.54 0.33 0.22 0.52 0.37 0.7 0.66 0.81 
Lead 0.07 0.06 0.09 0.04 0.07 0.07 0.06 0.07 0.05 
Nickel 0.15 0.13 0.23 0.13 0.2 0.17 0.14 0.23 0.13 
Sulfide 0.4 0.23 0.21 0.3 0.24 0.25 0.1 0.21 0.13 
Zinc 0.41 0.38 0.86 0.21 0.47 0.35 0.38 0.5 0.45 



 











 



Appendix E. Water PCB Data 
 



Station 1-5/6/7 1-5/6/7 1-5/6/7 1-5/6/7 4-2 4-2 4-2 4-2 4-5 4-5 4-5 4-5 
Replicate 1 2 3 4 1 2 3 4 1 2 3 4 



Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999



PCBs (µg/kg)             
114 - 2,3,4,4',5-Pentachlorobiphenyl <0.32 <0.34 <0.36 <0.38 <0.32 <0.32 <0.32 <0.34 <0.33 <0.33 <0.34 <0.33
123 - 2',3,4,4',5-Pentachlorobiphenyl <0.36 <0.38 <0.41 <0.43 <0.37 <0.37 <0.37 <0.39 <0.38 <0.37 <0.39 <0.37
157 - 2,3,3',4,4',5'-Hexachlorobiphenyl <0.28 <0.3 <0.32 <0.34 <0.29 <0.29 <0.29 <0.3 <0.3 <0.3 <0.3 <0.3
167 - 2,3',4,4',5,5'-Hexachlorobiphenyl <0.3 <0.31 <0.33 <0.35 <0.3 <0.3 <0.3 <0.32 <0.31 <0.31 <0.32 <0.31
189 - 2,3,3',4,4',5,5'-Heptachlorobiphenyl <0.33 <0.35 <0.37 <0.39 <0.34 <0.34 <0.34 <0.35 <0.35 <0.34 <0.35 <0.34
2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl <0.1 <0.11 <0.12 <0.12 <0.11 <0.11 <0.11 <0.11 <0.11 <0.11 <0.11 <0.11
2,2',3,3',4,4',5,6-Octachlorobiphenyl <0.27 <0.29 <0.31 <0.32 <0.28 <0.28 <0.28 <0.29 <0.28 <0.28 <0.29 <0.28
2,2',3,3',4,4',5-Heptachlorobiphenyl <0.3 <0.31 <0.33 <0.35 <0.3 <0.3 <0.3 <0.32 <0.31 <0.31 <0.32 <0.31
2,2',3,3',4,4'-Hexachlorobiphenyl <0.12 <0.12 <0.13 <0.14 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12 <0.12
2,2',3,4',5,5',6-Heptachlorobiphenyl <0.3 <0.32 <0.34 <0.36 <0.31 <0.31 <0.31 <0.33 <0.32 <0.32 <0.33 <0.32
2,2',3,4,4',5',6-Heptachlorobiphenyl <0.17 <0.18 <0.19 <0.2 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18
2,2',3,4,4',5'-Hexachlorobiphenyl <0.26 <0.27 <0.29 <0.3 <0.26 <0.26 <0.26 <0.27 <0.27 <0.26 <0.27 <0.26
2,2',3,4,4',5,5'-Heptachlorobiphenyl <0.3 <0.32 <0.34 <0.36 <0.31 <0.31 <0.31 <0.33 <0.32 <0.32 <0.33 <0.32
2,2',3,4,4',6,6'-Heptachlorobiphenyl <0.24 <0.25 <0.26 <0.28 <0.24 <0.24 <0.24 <0.25 <0.25 <0.24 <0.25 <0.24
2,2',3,4,5'-Pentachlorobiphenyl <0.36 <0.38 <0.4 <0.42 <0.37 <0.36 <0.36 <0.38 <0.38 <0.37 <0.38 <0.37
2,2',3,5'-Tetrachlorobiphenyl <0.31 <0.33 <0.35 <0.37 <0.32 <0.32 <0.32 <0.34 <0.33 <0.33 <0.34 <0.33
2,2',4,4',5,5'-Hexachlorobiphenyl <0.12 <0.13 <0.14 <0.15 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13
2,2',4,5'-Tetrachlorobiphenyl <0.35 <0.37 <0.39 <0.41 <0.36 <0.36 <0.36 <0.37 <0.36 <0.36 <0.37 <0.36
2,2',4,5,5'-Pentachlorobiphenyl <0.17 <0.18 <0.19 <0.2 <0.17 <0.17 <0.17 <0.18 <0.18 <0.18 <0.18 <0.18
2,2',5,5'-Tetrachlorobiphenyl <0.14 <0.14 <0.15 <0.16 <0.14 <0.14 <0.14 <0.15 <0.14 <0.14 <0.15 <0.14
2,2',5-Trichlorobiphenyl <0.3 <0.32 <0.34 <0.35 <0.31 <0.3 <0.3 <0.32 <0.31 <0.31 <0.32 <0.31
2,3',4,4',5-Pentachlorobiphenyl <0.31 <0.32 <0.34 <0.36 <0.32 <0.31 <0.31 <0.33 <0.32 <0.32 <0.33 <0.32
2,3',4,4'-Tetrachlorobiphenyl <0.3 <0.32 <0.34 <0.36 <0.31 <0.31 <0.31 <0.32 <0.32 <0.31 <0.32 <0.31
2,3,3',4,4',5-Hexachlorobiphenyl <0.29 <0.31 <0.33 <0.34 <0.3 <0.3 <0.3 <0.31 <0.3 <0.3 <0.31 <0.3
2,3,3',4,4'-Pentachlorobiphenyl <0.19 <0.2 <0.21 <0.22 <0.2 <0.19 <0.19 <0.2 <0.2 <0.2 <0.2 <0.2
2,4'-Dichlorobiphenyl <0.2 <0.21 <0.22 <0.23 <0.2 <0.2 <0.2 <0.21 <0.21 <0.2 <0.21 <0.2
2,4,4'-Trichlorobiphenyl <0.24 <0.26 <0.28 <0.29 <0.25 <0.25 <0.25 <0.26 <0.26 <0.26 <0.26 <0.26
3,3',4,4',5,5'-Hexachlorobiphenyl <0.28 <0.29 <0.31 <0.33 <0.28 <0.28 <0.28 <0.3 <0.29 <0.29 <0.3 <0.29
3,3',4,4',5-Pentachlorobiphenyl <0.31 <0.33 <0.35 <0.37 <0.32 <0.32 <0.32 <0.34 <0.33 <0.33 <0.34 <0.33
3,3',4,4'-Tetrachlorobiphenyl <0.26 <0.28 <0.29 <0.31 <0.27 <0.27 <0.27 <0.28 <0.27 <0.27 <0.28 <0.27
Dichlorobiphenyl <0.23 <0.25 <0.26 <0.28 <0.24 <0.24 <0.24 <0.25 <0.24 <0.24 <0.25 <0.24
Heptachlorobiphenyl <0.23 <0.25 <0.26 <0.28 <0.24 <0.24 <0.24 <0.25 <0.24 <0.24 <0.25 <0.24
Hexachlorobiphenyl (Cl 6) <0.23 <0.25 <0.26 <0.28 <0.24 <0.24 <0.24 <0.25 <0.24 <0.24 <0.25 <0.24
Monochlorobiphenyl <0.23 <0.25 <0.26 <0.28 <0.24 <0.24 <0.24 <0.25 <0.24 <0.24 <0.25 <0.24
Nonachlorobiphenyl <0.23 <0.25 <0.26 <0.28 <0.24 <0.24 <0.24 <0.25 <0.24 <0.24 <0.25 <0.24
Octachlorobiphenyl <0.23 <0.25 <0.26 <0.28 <0.24 <0.24 <0.24 <0.25 <0.24 <0.24 <0.25 <0.24
Pentachlorobiphenyl <0.23 <0.25 <0.26 <0.28 <0.24 <0.24 <0.24 <0.25 <0.24 <0.24 <0.25 <0.24
Tetrachlorobiphenyl <0.23 <0.25 <0.26 <0.28 <0.24 <0.24 <0.24 <0.25 <0.24 <0.24 <0.25 <0.24
Trichlorobiphenyl <0.23 <0.25 <0.26 <0.28 <0.24 <0.24 <0.24 <0.25 <0.24 <0.24 <0.25 <0.24



 
 











 



Appendix F. Sediment PCB And Aroclor Data 
 



Station 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 4-6 4-6 
Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1999 



PCBs (µg/kg)           
8 - 2,4'-Dichlorobiphenyl <0.14 <0.09 <0.15 <0.11 <0.12 <0.16 <0.11 <0.15 <0.12 <0.06 
18 - 2,2',5-Trichlorobiphenyl <0.29 <0.2 <0.32 <0.23 <0.26 <0.33 <0.24 <0.31 <0.25 0.03 
28 - 2,4,4'-Trichlorobiphenyl <0.2 <0.13 <0.22 0.011 0.007 0.013 0.018 0.004 0.008 <0.08 
44 - 2,2',3,5'-Tetrachlorobiphenyl 0.044 0.024 0.056 0.061 <0.09 0.072 0.87 0.027 0.026 <0.04 
49 - 2,2',4,5'-Tetrachlorobiphenyl <0.22 <0.15 0.38 <0.17 <0.19 0.44 0.4 0.38 0.36 0.032 
52 - 2,2',5,5'-Tetrachlorobiphenyl 0.052 0.033 0.046 0.095 0.048 0.089 1.4 0.031 0.029 <0.04 
66 - 2,3',4,4'-Tetrachlorobiphenyl <0.1 0.016 <0.12 0.035 <0.09 <0.12 0.25 <0.11 0.017 0.041 
77 - 3,3',4,4'-Tetrachlorobiphenyl <0.16 <0.11 0.41 0.19 0.12 0.92 <0.13 0.99 0.78 <0.07 
87 - 2,2',3,4,5'-Pentachlorobiphenyl 0.048 0.026 0.022 0.058 0.016 0.091 1.2 0.015 0.021 0.053 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 0.12 0.068 0.064 0.14 0.041 0.26 <0.07 0.025 0.046 0.081 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 0.064 0.04 0.036 0.062 0.025 0.15 0.57 <0.1 0.031 0.029 
118 - 2,3',4,4',5-Pentachlorobiphenyl <0.1 0.085 0.078 0.23 0.038 0.54 1.9 0.068 0.08 0.084 
126 - 3,3',4,4',5-Pentachlorobiphenyl 0.053 0.059 <0.27 0.11 <0.22 <0.28 0.31 <0.26 <0.21 <0.1 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl <0.1 0.024 0.012 0.045 0.023 0.1 <0.09 <0.11 0.029 0.024 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 0.16 0.091 0.076 0.15 0.05 0.6 1.4 0.044 0.072 0.077 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 0.46 0.12 0.23 0.39 0.061 0.89 1.3 0.16 0.092 0.21 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl <0.22 0.09 <0.24 <0.17 <0.19 0.049 0.23 <0.24 0.01 0.012 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <0.22 <0.15 <0.24 <0.17 <0.19 <0.25 <0.18 0.013 <0.19 0.05 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 0.037 0.018 0.021 <0.33 0.005 0.18 <0.34 0.009 0.013 <0.17 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.14 0.14 0.15 0.48 0.037 0.79 <0.1 0.042 0.044 0.047 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 0.04 0.03 0.024 0.13 0.009 0.25 0.22 <0.24 0.006 <0.09 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl <0.22 0.1 0.12 0.13 0.1 0.15 1.7 0.13 0.22 0.051 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.077 0.11 0.14 0.41 0.017 0.72 <0.15 0.043 0.022 0.036 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 0.037 <0.06 <0.09 0.052 <0.08 0.11 0.068 0.014 <0.07 0.024 
206 - 2,2',3,3',4,4',5,5',6-
Nonachlorobiphenyl <0.07 0.072 0.028 0.32 <0.06 1.5 0.31 0.019 0.011 0.042 



209 - Decachlorobiphenyl 0.41 0.058 0.076 0.13 0.022 2.6 1.4 <0.09 <0.07 0.018 



 
 



Station 1-1 1-2 1-3 1-4 1-5 1-6 1-6 1-6 1-7 1-7 1-7 1-8 
Replicate 1 1 1 1 1 1 1 3 1 2 3 1 



Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 



Aroclors (µg/kg)             
Total Aroclor 1221 <9 <9 <14 <10 <12 <15 <1.4 <27 <11 <0.92 <18 <14 
Total Aroclor 1232 <9 <9 <14 <10 <12 <15 <1.4 <27 <11 <0.92 <18 <14 
Total Aroclor 1242 <9 <9 <14 <10 <12 <15 <1.4 <27 <11 <0.92 <18 <14 
Total Aroclor 1248 <9 <9 <14 <10 <12 <15 <1.4 <27 <11 <0.92 <18 <14 
Total Aroclor 1254 <9 <9 <14 <10 <12 <15 1.9 <27 35 32 27 <14 
Total Aroclor 1260 <9 <9 <14 <10 <12 <15 <1.4 <27 <11 25 15 <14 
Total Aroclor 1262 <9 <9 <14 6.4 <12 <15 <1.4 <27 8.1 <0.92 <18 <14 
Total Aroclor 1268 <9 <9 <14 <10 <12 15 <1.4 <27 <11 <0.92 <18 <14 



 











Appendix F: Sediment PCB And Aroclor Data 



Station 1-3.5 1-5/6/7 4-1 4-2 4-3 4-3-1 4-5 4-8 



Cruise 
IV 



Control



Cruise 
V 



Control
Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 



PCBs (µg/kg)           
8 - 2,4'-Dichlorobiphenyl 0.021 1.6 <0.06 <0.06 <0.06 <0.06 <0.06 <0.05 <0.04 <0.04 
18 - 2,2',5-Trichlorobiphenyl 0.02 <0.27 0.032 0.077 0.047 0.034 0.026 <0.1 <0.09 <0.09 
28 - 2,4,4'-Trichlorobiphenyl <0.07 <0.18 <0.09 <0.09 <0.09 <0.09 <0.08 <0.07 <0.06 0.16 
44 - 2,2',3,5'-Tetrachlorobiphenyl 0.29 <0.09 <0.04 <0.05 <0.04 <0.04 <0.04 <0.03 0.14 <0.03 
49 - 2,2',4,5'-Tetrachlorobiphenyl 0.094 1.7 0.04 0.034 0.033 0.03 0.027 0.057 0.035 0.036 
52 - 2,2',5,5'-Tetrachlorobiphenyl 0.4 0.043 <0.04 <0.04 <0.04 0.05 <0.04 <0.03 0.021 0.011 
66 - 2,3',4,4'-Tetrachlorobiphenyl 0.6 0.44 0.1 0.085 0.12 0.15 0.02 0.036 0.019 0.029 
77 - 3,3',4,4'-Tetrachlorobiphenyl <0.06 <0.15 <0.07 <0.07 <0.07 0.021 0.072 <0.05 0.025 0.028 
87 - 2,2',3,4,5'-Pentachlorobiphenyl 0.49 0.078 0.062 0.05 0.09 0.072 0.032 0.058 0.024 0.024 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 0.8 0.18 0.065 0.098 0.082 0.075 0.026 0.012 0.016 0.07 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 0.23 0.12 0.039 0.026 0.048 0.039 0.017 0.012 0.009 0.006 
118 - 2,3',4,4',5-Pentachlorobiphenyl 0.71 0.35 0.12 0.13 0.11 0.11 0.036 0.042 0.013 0.024 
126 - 3,3',4,4',5-Pentachlorobiphenyl <0.09 <0.23 <0.11 <0.11 <0.11 <0.11 <0.1 <0.08 <0.08 <0.08 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 0.21 <0.1 0.048 0.044 0.038 0.049 0.007 0.007 0.007 <0.03 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 0.9 0.19 0.11 0.081 0.1 0.091 0.029 0.043 0.011 0.007 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 0.95 0.21 0.18 0.12 0.17 0.16 0.1 0.066 0.025 0.02 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl 0.11 0.085 <0.1 0.012 0.016 0.013 <0.09 0.01 <0.07 <0.07 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 0.072 <0.2 0.075 0.095 0.083 0.072 0.12 0.04 0.009 0.009 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 0.069 <0.39 <0.19 <0.19 <0.19 0.018 <0.17 <0.14 <0.13 <0.13 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.34 0.18 0.25 0.07 0.059 0.16 0.031 0.019 0.012 0.018 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 0.11 0.21 0.067 0.04 0.033 0.054 <0.09 <0.07 <0.07 <0.07 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 0.045 0.2 0.033 0.053 0.037 0.041 0.041 0.018 0.029 0.04 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.35 0.18 0.49 0.055 0.066 0.26 0.024 0.048 0.015 0.026 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl <0.03 <0.08 <0.04 <0.04 <0.04 <0.04 <0.04 <0.03 0.006 0.009 
206 - 2,2',3,3',4,4',5,5',6-
Nonachlorobiphenyl 0.7 0.15 2.3 0.096 0.22 1 0.056 0.032 0.037 0.038 



209 - Decachlorobiphenyl 0.36 0.13 0.47 0.042 0.12 0.2 0.014 0.055 0.018 0.049 



 
 



Station 4-6 4-6 4-6 1-3.5 1-5/6/7 4-1 4-2 4-3 4-3-1 4-5 4-6 4-8 
Replicate 1 2 3 1 1 1 1 1 1 1 1 1 



Year 1998 1998 1998 1999 1999 1999 1999 1999 1999 1999 1999 1999 



Aroclors (µg/kg)             
Total Aroclor 1221 <11 <1 <20 <1.4 <1.8 <1.8 <1.8 <1.8 <1.8 <1.6 <1.6 <1.3 
Total Aroclor 1232 <11 <1 <20 <1.4 <1.8 <1.8 <1.8 <1.8 <1.8 <1.6 <1.6 <1.3 
Total Aroclor 1242 <11 <1 <20 <1.4 <1.8 <1.8 <1.8 <1.8 <1.8 <1.6 <1.6 <1.3 
Total Aroclor 1248 <11 <1 <20 <1.4 <1.8 <1.8 <1.8 <1.8 <1.8 <1.6 <1.6 <1.3 
Total Aroclor 1254 <11 <1 <20 <1.4 <1.8 <1.8 <1.8 <1.8 <1.8 <1.6 <1.6 <1.3 
Total Aroclor 1260 <11 <1 <20 <1.4 <1.8 <1.8 <1.8 <1.8 <1.8 <1.6 <1.6 <1.3 
Total Aroclor 1262 <11 <1 <20 <1.4 <1.8 <1.8 <1.8 <1.8 <1.8 <1.6 <1.6 <1.3 
Total Aroclor 1268 <11 <1 <20 3.3 1.7 8.2 <1.8 <1.8 3.8 <1.6 <1.6 <1.3 



 
 











 



Appendix G. Sediment Core PCB Data 
 



Station 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 
Core Depth (cm) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 



Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 



PCBs (µg/kg)           
8 - 2,4'-Dichlorobiphenyl <0.041 <0.041 <0.033 <0.046 <0.041 <0.044 <0.045 <0.036 <0.045 <0.044 
18 - 2,2',5-Trichlorobiphenyl <0.086 <0.087 <0.07 <0.096 <0.086 <0.093 <0.095 <0.077 <0.095 <0.093 
28 - 2,4,4'-Trichlorobiphenyl 0.0048 0.0083 0.0024 <0.066 0.0088 <0.063 <0.065 <0.052 <0.065 <0.063 
44 - 2,2',3,5'-Tetrachlorobiphenyl 0.019 0.0089 <0.024 <0.033 0.018 <0.032 <0.032 <0.026 <0.032 <0.032 
49 - 2,2',4,5'-Tetrachlorobiphenyl <0.064 <0.065 <0.052 <0.072 <0.064 <0.07 <0.071 <0.057 <0.071 <0.07 
52 - 2,2',5,5'-Tetrachlorobiphenyl 0.052 0.016 0.021 0.01 0.028 <0.027 <0.028 0.0096 0.014 0.02 
66 - 2,3',4,4'-Tetrachlorobiphenyl <0.031 <0.031 <0.025 <0.035 <0.031 <0.034 <0.035 <0.028 <0.034 <0.034 
77 - 3,3',4,4'-Tetrachlorobiphenyl <0.047 <0.047 <0.038 <0.053 <0.047 <0.051 <0.052 <0.042 <0.052 <0.051 
87 - 2,2',3,4,5'-Pentachlorobiphenyl 0.04 0.011 0.012 0.0074 0.019 0.014 0.016 0.0073 0.0086 0.021 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 0.12 0.024 0.029 0.012 0.03 0.051 0.058 0.019 0.024 0.041 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 0.055 <0.028 <0.022 <0.031 <0.027 <0.03 <0.03 <0.024 <0.03 0.028 
118 - 2,3',4,4',5-Pentachlorobiphenyl 0.11 0.038 0.033 0.016 0.044 0.016 0.026 0.024 <0.034 0.05 
126 - 3,3',4,4',5-Pentachlorobiphenyl <0.072 <0.073 <0.058 <0.081 <0.072 <0.078 <0.08 <0.064 <0.08 <0.078 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 0.023 0.0095 <0.025 <0.035 <0.031 <0.034 <0.035 <0.028 <0.034 0.014 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 0.11 0.042 0.029 0.017 0.048 0.034 0.042 0.018 0.02 0.058 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 0.13 0.048 0.036 0.017 0.035 0.045 0.052 0.024 0.02 0.046 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl 0.0062 0.006 0.0059 <0.072 <0.064 <0.07 <0.071 <0.057 <0.071 <0.07 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <0.064 <0.065 <0.052 <0.072 <0.064 <0.07 <0.071 <0.057 <0.071 <0.07 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl <0.12 <0.12 0.0034 <0.14 <0.12 <0.13 <0.14 <0.11 <0.14 <0.13 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.087 0.037 0.02 0.0085 0.0083 0.014 0.011 0.019 0.01 0.017 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 0.032 0.01 0.0065 0.0036 0.0016 0.0047 0.0055 0.004 0.0034 0.0028 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 0.036 0.044 0.032 0.04 0.032 0.032 0.028 0.027 0.036 0.032 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.088 0.045 0.037 0.033 0.035 0.045 0.047 0.047 0.041 0.049 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl <0.025 <0.026 <0.02 <0.028 <0.025 <0.027 <0.028 <0.023 <0.028 <0.027 
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 0.034 0.017 0.014 <0.024 <0.021 0.0029 0.0028 <0.019 <0.024 <0.023 
209 - Decachlorobiphenyl 0.061 0.022 0.018 0.0058 <0.025 0.011 0.035 <0.023 0.0096 0.017 



 











Appendix G: Sediment Core PCB Data 



 
Station 1-5/6/7 1-5/6/7 1-5/6/7 1-5/6/7 1-5/6/7 1-5/6/7 1-5/6/7 1-5/6/7 1-5/6/7 1-5/6/7 1-5/6/7 1-5/6/7 1-5/6/7



Core Depth (cm) 0-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 
Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 



PCBs (µg/kg)              
8 - 2,4'-Dichlorobiphenyl 0.7 0.59 1.3 1.3 1.2 1.2 1.1 0.87 1 0.52 1.2 1.1 0.89 
18 - 2,2',5-Trichlorobiphenyl <0.3 <0.2 <0.3 <0.2 <0.2 0.7 <0.2 <0.2 <0.2 0.26 <0.2 <0.2 <0.2 
28 - 2,4,4'-Trichlorobiphenyl <0.2 <0.2 <0.2 <0.2 <0.2 1.6 <0.1 <0.1 <0.2 0.56 <0.2 <0.2 <0.1 
44 - 2,2',3,5'-Tetrachlorobiphenyl <0.1 <0.1 0.31 <0.1 <0.1 22 <0.1 <0.1 <0.1 1.3 <0.1 <0.1 <0.1 
49 - 2,2',4,5'-Tetrachlorobiphenyl 0.2 0.13 0.25 0.16 0.16 8.9 0.14 0.13 0.17 0.19 0.18 0.15 0.1 
52 - 2,2',5,5'-Tetrachlorobiphenyl <0.1 0.14 0.7 <0.1 0.15 32 <0.1 <0.1 <0.1 0.14 <0.1 <0.1 0 
66 - 2,3',4,4'-Tetrachlorobiphenyl 0.67 <0.1 <0.1 <0.1 <0.1 120 0.46 <0.1 0.68 0.27 <0.1 <0.1 <0.1 
77 - 3,3',4,4'-Tetrachlorobiphenyl <0.2 <0.1 <0.1 <0.1 <0.1 <3 <0.1 <0.1 <0.1 <0.7 <0.1 <0.1 <0.1 
87 - 2,2',3,4,5'-Pentachlorobiphenyl <0.2 0.22 3.2 0.16 0.27 140 0.16 <0.1 <0.2 0.13 <0.2 <0.2 <0.1 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 0.58 0.38 4.4 0.36 0.52 210 0.38 0.2 0.26 0.16 0.17 0.17 0.11 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 0.46 0.25 3.6 0.25 0.34 160 0.25 0.13 0.17 0.04 0.08 0.1 0.04 
118 - 2,3',4,4',5-Pentachlorobiphenyl 0.88 0.6 7.2 0.57 0.94 320 0.66 <0.1 <0.1 0.06 <0.1 0.47 0.37 
126 - 3,3',4,4',5-Pentachlorobiphenyl <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <1.1 <0.2 <0.2 <0.1 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 0.17 0.1 2.7 0.1 0.11 100 0.09 0.04 0.04 <0.5 0.02 0.02 0.02 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 0.67 0.34 10 0.4 0.54 350 0.42 0.18 0.2 0.08 0.16 0.11 0.1 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 0.68 0.33 5.8 0.37 0.44 220 0.36 0.2 0.25 0.2 0.17 0.15 0.12 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl 0.08 0.1 1.9 0.14 0.16 67 0.12 <0.1 <0.2 0.19 <0.2 <0.2 <0.1 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.1 <0.1 <0.2 <1 <0.2 <0.2 <0.1 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 0.3 <0.4 1.5 <0.3 <0.3 44 <0.3 0.09 <0.3 0.12 <0.3 <0.3 <0.2 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.52 0.26 1.9 0.31 0.32 45 0.3 0.12 0.48 0.12 0.06 0.05 0.05 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 0.25 0.08 0.49 0.1 0.14 14 <0.1 <0.1 0.12 0.31 <0.2 <0.2 <0.1 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 0.23 0.15 <0.2 0.21 0.19 <0.2 0.16 0.21 0.23 0.25 0.24 0.24 0.16 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.45 0.15 0.71 0.2 0.2 <0.2 0.28 0.08 0.79 <0.9 0.09 0.07 0.05 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 0.96 <0.1 0.49 <0.1 <0.1 1.7 <0.1 <0.1 <0.1 <0.4 <0.1 <0.1 0 
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.4 0.32 0.28 1.8 0.45 1.4 3.8 0.62 5.1 0.28 0.39 0.36 0.11 
209 - Decachlorobiphenyl 1.2 0.42 0.27 0.83 0.62 0.78 1.4 0.44 1.8 0.14 0.34 0.4 0.12 



 











Appendix G: Sediment Core PCB Data 



 
Station 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 1-6 



Core Depth (cm) 0-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-4 4-5 5-6 6-7 7-8 
Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 



PCBs (µg/kg)            
8 - 2,4'-Dichlorobiphenyl <0.16 <0.25 <0.23 <0.24 <0.2 <0.2 <0.16 <0.16 <0.16 <0.14 <0.14 
18 - 2,2',5-Trichlorobiphenyl <0.33 <0.52 <0.49 <0.52 <0.42 <0.42 <0.34 <0.33 <0.33 <0.28 <0.3 
28 - 2,4,4'-Trichlorobiphenyl 0.26 <0.35 <0.33 <0.35 <0.29 <0.28 <0.23 <0.23 <0.23 <0.19 <0.2 
44 - 2,2',3,5'-Tetrachlorobiphenyl <0.11 <0.18 <0.16 <0.18 <0.14 <0.14 <0.12 <0.11 <0.11 <0.096 <0.1 
49 - 2,2',4,5'-Tetrachlorobiphenyl 0.12 <0.39 <0.36 <0.39 <0.32 <0.31 <0.25 <0.25 <0.25 <0.21 0.089 
52 - 2,2',5,5'-Tetrachlorobiphenyl <0.097 0.27 0.12 <0.15 <0.12 <0.12 <0.1 <0.099 <0.098 <0.084 0.15 
66 - 2,3',4,4'-Tetrachlorobiphenyl <0.12 <0.19 <0.18 <0.19 <0.15 <0.15 <0.12 <0.12 <0.12 <0.1 <0.11 
77 - 3,3',4,4'-Tetrachlorobiphenyl <0.18 <0.28 <0.26 <0.28 <0.23 <0.23 <0.18 <0.18 <0.18 <0.15 <0.16 
87 - 2,2',3,4,5'-Pentachlorobiphenyl 0.21 0.23 0.18 <0.39 <0.32 <0.31 <0.25 <0.25 <0.25 <0.21 0.25 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 0.3 0.62 0.38 <0.14 <0.12 <0.11 <0.092 <0.091 <0.091 <0.077 0.33 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 0.18 <0.16 0.27 <0.16 <0.13 <0.13 <0.11 <0.11 <0.1 <0.09 0.23 
118 - 2,3',4,4',5-Pentachlorobiphenyl 0.46 0.49 0.43 <0.19 <0.15 <0.15 0.2 <0.12 <0.12 <0.1 0.48 
126 - 3,3',4,4',5-Pentachlorobiphenyl <0.28 <0.44 <0.41 <0.43 <0.36 <0.35 <0.28 <0.28 0.15 <0.24 <0.25 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl <0.12 <0.19 <0.18 <0.19 <0.15 <0.15 <0.12 <0.12 <0.12 <0.1 0.25 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 0.6 0.62 0.44 <0.21 0.35 <0.17 <0.14 <0.14 <0.14 <0.12 0.77 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 0.57 0.98 0.65 <0.19 0.38 <0.15 <0.12 <0.12 <0.12 <0.1 0.47 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl <0.25 <0.39 <0.36 <0.39 <0.32 <0.31 <0.25 <0.25 <0.25 <0.21 0.15 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <0.25 <0.39 <0.36 <0.39 <0.32 <0.31 <0.25 <0.25 <0.25 <0.21 <0.23 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 0.34 <0.74 <0.7 <0.74 <0.6 <0.6 <0.48 <0.48 <0.48 <0.4 <0.43 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.57 <0.21 <0.2 <0.21 <0.17 <0.17 <0.14 <0.14 <0.14 <0.12 <0.12 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl <0.25 <0.39 <0.36 <0.39 <0.32 <0.31 <0.25 <0.25 <0.25 <0.21 <0.23 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 0.11 <0.39 0.18 <0.39 <0.32 <0.31 <0.25 <0.25 <0.25 <0.21 <0.23 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.3 0.56 0.29 <0.33 <0.27 <0.26 <0.22 <0.21 <0.21 <0.18 0.29 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl <0.097 <0.15 <0.14 <0.15 <0.12 <0.12 <0.1 <0.099 <0.098 <0.084 <0.09 
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl <0.082 <0.13 <0.12 <0.13 <0.1 <0.1 <0.085 <0.084 <0.083 <0.071 <0.08 
209 - Decachlorobiphenyl 0.5 <0.15 <0.14 <0.15 <0.12 <0.12 <0.1 <0.099 <0.098 <0.084 0.35 



 











Appendix G: Sediment Core PCB Data 



 
Station 1-7 1-7 1-7 1-7 1-7 1-7 1-7 1-7 1-7 1-7 1-7 1-7 1-7 1-7 



Core Depth (cm) 0-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 
Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 



PCBs (µg/kg)               
8 - 2,4'-Dichlorobiphenyl <0.13 <0.14 <0.14 <0.11 <0.11 0.23 <0.1 <0.093 <0.1 <0.11 0.26 <0.095 <0.1 <0.1 
18 - 2,2',5-Trichlorobiphenyl <0.28 <0.29 <0.29 <0.23 <0.23 0.25 <0.21 <0.19 <0.21 <0.24 0.18 <0.2 <0.22 <0.21 
28 - 2,4,4'-Trichlorobiphenyl <0.19 <0.2 0.089 <0.16 0.095 1.8 <0.14 0.15 0.26 <0.16 1.2 0.093 <0.15 0.13 
44 - 2,2',3,5'-Tetrachlorobiphenyl <0.096 <0.099 <0.098 0.62 0.16 0.16 <0.071 0.1 <0.072 <0.08 <0.067 <0.068 <0.076 <0.073
49 - 2,2',4,5'-Tetrachlorobiphenyl <0.21 <0.22 <0.22 0.18 <0.17 0.55 <0.16 <0.15 0.12 <0.18 0.42 <0.15 0.11 <0.16 
52 - 2,2',5,5'-Tetrachlorobiphenyl <0.083 0.2 0.14 0.84 0.22 0.52 0.13 0.14 0.12 <0.07 0.42 <0.059 <0.066 0.088 
66 - 2,3',4,4'-Tetrachlorobiphenyl <0.1 0.36 <0.1 0.6 0.12 0.23 <0.076 <0.071 <0.077 <0.086 <0.071 <0.073 <0.081 <0.078
77 - 3,3',4,4'-Tetrachlorobiphenyl <0.15 <0.16 <0.16 <0.13 <0.13 <0.16 <0.11 <0.11 <0.12 <0.13 <0.11 <0.11 <0.12 <0.12 
87 - 2,2',3,4,5'-Pentachlorobiphenyl <0.21 0.75 <0.22 2.8 0.45 <0.21 <0.16 0.14 <0.16 <0.18 <0.15 <0.15 <0.17 <0.16 
101 - 2,2',4,5,5'-Pentachlorobiphenyl <0.077 1.1 0.2 4.4 0.58 0.34 0.2 0.3 0.25 0.2 0.14 0.11 0.11 0.19 
105 - 2,3,3',4,4'-Pentachlorobiphenyl <0.09 0.65 <0.092 4.6 0.51 0.15 0.094 0.21 0.13 <0.075 0.17 <0.064 0.14 <0.068
118 - 2,3',4,4',5-Pentachlorobiphenyl 0.25 1.8 0.19 9.8 0.98 0.56 0.17 0.34 0.32 0.19 0.26 <0.073 0.17 0.18 
126 - 3,3',4,4',5-Pentachlorobiphenyl <0.24 <0.24 <0.24 <0.2 <0.2 <0.24 <0.18 <0.16 <0.18 <0.2 <0.16 <0.17 <0.19 <0.18 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl <0.1 0.36 <0.1 2.9 0.76 <0.1 <0.076 <0.071 <0.077 <0.086 <0.071 <0.073 <0.081 <0.078
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl <0.12 1.9 0.19 12 1.9 0.21 0.26 0.38 0.27 0.18 <0.08 <0.082 <0.091 0.22 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl <0.1 2 0.27 8.5 1.2 0.4 0.61 0.31 0.34 0.31 1.5 0.3 0.16 0.32 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl <0.21 0.17 <0.22 2.3 0.64 <0.21 <0.16 <0.15 <0.16 <0.18 <0.15 <0.15 <0.17 <0.16 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <0.21 <0.22 <0.22 <0.18 <0.17 <0.21 <0.16 <0.15 <0.16 <0.18 <0.15 <0.15 <0.17 <0.16 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl <0.4 <0.42 <0.41 2.7 1.2 <0.41 0.28 <0.28 <0.3 <0.34 <0.28 <0.29 <0.32 0.19 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl <0.12 0.43 <0.12 6.1 1.7 <0.12 1.1 0.31 0.22 0.24 <0.08 <0.082 0.15 0.26 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl <0.21 0.41 <0.22 1.3 0.33 <0.21 0.22 <0.15 <0.16 <0.18 <0.15 <0.15 <0.17 <0.16 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl <0.21 <0.22 <0.22 0.12 <0.17 <0.21 0.067 <0.15 0.1 <0.18 0.08 <0.15 0.088 0.11 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl <0.18 0.5 <0.18 2.8 0.44 <0.18 0.6 0.16 0.16 <0.15 <0.12 <0.13 <0.14 0.14 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl <0.083 <0.086 <0.085 0.63 <0.068 <0.084 <0.062 <0.058 <0.062 <0.07 <0.058 <0.059 <0.066 <0.063
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl <0.07 <0.073 <0.072 1 1.4 <0.071 0.54 <0.049 <0.053 <0.059 <0.049 <0.05 <0.055 <0.053
209 - Decachlorobiphenyl 0.96 0.51 0.36 2.8 63 0.28 0.32 0.4 <0.062 0.22 0.25 0.11 0.23 <0.063



 











Appendix G: Sediment Core PCB Data 



 
Station 1-8 1-8 1-8 1-8 1-8 1-8 1-8 1-8 1-8 1-8 



Core Depth (cm) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 
Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 



PCBs (µg/kg)           
8 - 2,4'-Dichlorobiphenyl <0.075 <0.062 <0.073 <0.068 <0.088 <0.098 <0.096 <0.11 <0.11 <0.091 
18 - 2,2',5-Trichlorobiphenyl <0.16 <0.13 <0.15 <0.14 <0.18 <0.2 <0.2 <0.23 <0.24 <0.19 
28 - 2,4,4'-Trichlorobiphenyl 0.0062 <0.089 0.0074 0.0018 0.013 <0.14 <0.14 <0.16 0.0062 <0.13 
44 - 2,2',3,5'-Tetrachlorobiphenyl 0.022 <0.045 0.055 0.022 0.013 0.013 0.038 0.026 <0.082 <0.065 
49 - 2,2',4,5'-Tetrachlorobiphenyl <0.12 <0.098 <0.11 <0.11 <0.14 <0.15 <0.15 <0.17 <0.18 <0.14 
52 - 2,2',5,5'-Tetrachlorobiphenyl 0.045 0.037 0.096 0.055 0.036 0.024 0.089 0.052 0.037 0.024 
66 - 2,3',4,4'-Tetrachlorobiphenyl <0.057 <0.048 <0.056 <0.052 <0.067 <0.075 <0.073 <0.083 <0.087 <0.07 
77 - 3,3',4,4'-Tetrachlorobiphenyl 0.19 0.2 <0.083 0.32 0.24 0.15 0.19 0.18 0.17 0.12 
87 - 2,2',3,4,5'-Pentachlorobiphenyl 0.032 0.027 0.16 0.043 0.041 0.019 0.029 <0.17 0.023 0.015 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 0.075 0.058 0.31 0.091 0.07 0.036 0.059 0.068 0.042 0.022 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 0.053 0.037 0.19 0.079 0.048 <0.065 0.034 0.079 0.074 0.068 
118 - 2,3',4,4',5-Pentachlorobiphenyl 0.1 0.087 0.37 0.13 0.15 0.078 0.081 0.14 0.13 0.097 
126 - 3,3',4,4',5-Pentachlorobiphenyl <0.13 <0.11 <0.13 <0.12 <0.15 <0.17 <0.17 <0.19 <0.2 <0.16 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl <0.057 0.015 0.14 0.019 <0.067 <0.075 <0.073 <0.083 <0.087 <0.07 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 0.088 0.084 0.5 0.14 0.12 0.063 0.038 0.076 0.028 <0.078 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 0.12 0.11 0.55 0.17 0.13 0.12 0.12 0.17 0.16 0.15 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl 0.0028 0.0035 0.048 0.007 0.0088 <0.15 <0.15 <0.17 <0.18 <0.14 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <0.12 <0.098 <0.11 <0.11 <0.14 <0.15 <0.15 <0.17 <0.18 <0.14 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl <0.22 <0.19 0.17 0.017 <0.26 <0.29 <0.29 <0.33 <0.34 <0.27 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.071 0.077 0.55 0.067 0.031 0.04 0.048 0.05 0.037 0.028 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 0.013 0.025 0.18 0.034 0.015 0.012 <0.15 <0.17 <0.18 <0.14 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 0.06 0.051 0.12 0.06 0.073 0.085 0.081 0.1 0.11 0.087 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.059 0.089 0.43 0.068 0.029 0.071 0.042 0.066 <0.15 <0.12 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl <0.046 <0.039 0.066 <0.042 <0.054 <0.061 0.02 <0.067 <0.071 <0.056 
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl <0.039 0.033 0.35 0.0091 0.0034 0.017 0.019 0.025 <0.06 <0.048 
209 - Decachlorobiphenyl 0.049 0.17 2.3 0.067 0.063 0.095 <0.06 0.033 <0.071 <0.056 



 











Appendix G: Sediment Core PCB Data 



 
Station 4-2 4-2 4-2 4-2 4-2 4-2 4-2 4-2 4-2 4-2 4-2 4-2 4-2 



Core Depth (cm) 0-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 
Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 



PCBs (µg/kg)              
8 - 2,4'-Dichlorobiphenyl <0.2 0.2 0.13 0.26 0.23 0.2 0.09 0.09 0.1 0.1 0.09 0.09 0.14 
18 - 2,2',5-Trichlorobiphenyl <0.4 <0.4 <0.4 <0.5 <0.5 <0.6 <0.3 <0.3 <0.3 <0.4 <0.3 <0.3 <0.4 
28 - 2,4,4'-Trichlorobiphenyl 0.27 0.22 0.2 0.74 0.33 0.26 0.45 0.11 0.23 0.55 <0.2 <0.2 <0.3 
44 - 2,2',3,5'-Tetrachlorobiphenyl <0.1 <0.1 <0.1 <0.2 <0.2 <0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
49 - 2,2',4,5'-Tetrachlorobiphenyl 0.18 0.14 0.11 0.15 0.2 0.22 0.1 0.11 0.1 0.09 0.08 0.13 0.15 
52 - 2,2',5,5'-Tetrachlorobiphenyl <0.1 <0.1 <0.1 <0.2 <0.1 <0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
66 - 2,3',4,4'-Tetrachlorobiphenyl 0.09 0.14 0.17 <0.2 0.17 <0.2 0.06 0.04 <0.1 <0.1 <0.1 <0.1 <0.1 
77 - 3,3',4,4'-Tetrachlorobiphenyl 0.11 0.11 <0.2 <0.3 <0.3 <0.3 <0.1 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 
87 - 2,2',3,4,5'-Pentachlorobiphenyl 0.05 <0.3 <0.3 <0.4 <0.3 <0.4 <0.2 0.02 0.02 <0.3 0.02 0.03 0.05 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 0.16 0.1 0.09 <0.1 0.07 <0.2 <0.1 0.06 0.05 0.03 0.04 <0.1 0.12 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 0.12 0.08 0.09 <0.2 <0.2 <0.2 <0.1 0.03 0.04 0.03 0.05 0.05 0.12 
118 - 2,3',4,4',5-Pentachlorobiphenyl 0.2 0.13 0.15 0.09 0.14 0.1 0.05 0.07 0.08 0.06 0.08 0.08 0.18 
126 - 3,3',4,4',5-Pentachlorobiphenyl <0.4 <0.4 <0.4 <0.4 <0.4 <0.5 <0.2 <0.2 <0.3 <0.3 <0.2 <0.3 <0.3 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 0.06 0.04 0.04 <0.2 <0.2 <0.2 <0.1 <0.1 0.02 <0.1 0.02 <0.1 0.06 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 0.19 0.1 0.14 0.08 0.1 0.07 0.03 0.05 0.06 0.06 0.08 0.05 0.16 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 0.22 0.12 0.16 0.1 0.14 0.07 0.04 0.07 0.06 0.07 0.08 0.06 0.16 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl <0.3 <0.3 <0.3 <0.4 <0.3 <0.4 <0.2 <0.2 <0.2 <0.3 <0.2 <0.2 <0.3 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <0.3 <0.3 <0.3 <0.4 <0.3 <0.4 <0.2 <0.2 <0.2 0.05 <0.2 <0.2 <0.3 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 0.06 0.06 0.38 0.03 0.05 0.05 0.02 0.04 0.02 0.02 0.03 0.03 0.04 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.17 0.1 0.12 0.12 0.16 0.12 0.05 0.06 0.04 0.19 0.08 0.03 0.2 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl <0.3 <0.3 <0.3 <0.4 <0.3 <0.4 0.02 <0.2 <0.2 0.03 <0.2 <0.2 0.03 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 0.16 0.16 0.16 0.24 0.19 0.24 0.11 0.11 0.14 0.16 0.1 0.13 0.14 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.2 0.15 0.18 0.18 0.2 0.21 0.1 0.09 0.06 0.37 0.13 0.08 0.36 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl <0.1 <0.1 <0.1 <0.2 <0.1 <0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 0.75 0.55 0.65 0.62 0.68 0.85 0.37 0.32 0.28 2.2 0.81 0.3 1.9 
209 - Decachlorobiphenyl 0.08 0.08 0.09 0.07 0.09 0.12 0.05 0.05 0.05 0.33 0.12 0.04 0.32 



 











Appendix G: Sediment Core PCB Data 



 
Station 4-3 4-3 4-3 4-3 4-3 4-3 4-3 4-3 4-3 4-3 4-3 4-3 4-3 



Core Depth (cm) 0-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 
Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 



PCBs (µg/kg)              
8 - 2,4'-Dichlorobiphenyl 0.09 0.06 0.21 0.13 0.07 0.07 0.07 0.05 0.08 0.05 0.11 0.09 0.06 
18 - 2,2',5-Trichlorobiphenyl 0.08 0.07 <0.3 0.2 0.05 0.09 0.09 0.05 <0.1 0.04 0.03 0.05 0.03 
28 - 2,4,4'-Trichlorobiphenyl 0.14 0.18 <0.2 0.55 0.19 0.19 0.18 0.18 0.17 0.17 0.15 0.18 0.14 
44 - 2,2',3,5'-Tetrachlorobiphenyl 0.16 0 <0.1 0.12 0.07 0 0 0 0 0 0 0 0 
49 - 2,2',4,5'-Tetrachlorobiphenyl 0.15 0.08 <0.2 0.16 0.08 0.08 0.07 0.08 0.08 0.06 0.06 0.05 0.07 
52 - 2,2',5,5'-Tetrachlorobiphenyl 0 0 <0.1 0 0 0 0 0 0 0 0 0 0 
66 - 2,3',4,4'-Tetrachlorobiphenyl 0.13 0.05 <0.1 0.31 0.14 0.05 0.06 0.06 0.08 0.05 0.02 0.03 0.02 
77 - 3,3',4,4'-Tetrachlorobiphenyl <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
87 - 2,2',3,4,5'-Pentachlorobiphenyl 0.14 0.05 <0.2 0.11 0.08 0.05 0.05 0.04 0.04 0.04 0.02 0.02 0.02 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 0.2 0.11 <0.1 0.24 0.12 0.08 0.05 0.05 0.06 0.04 0.02 0.01 0.01 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 0.13 0.09 0.11 0.14 0.09 0.08 0.06 0.04 0.04 0.03 0.02 0.02 0.02 
118 - 2,3',4,4',5-Pentachlorobiphenyl 0.21 0.11 0.1 0.2 0.14 0.1 0.09 0.07 0.09 0.06 0.03 0.03 0.03 
126 - 3,3',4,4',5-Pentachlorobiphenyl <0.1 <0.1 <0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 0.07 0.03 <0.1 0.06 0.04 0.04 0.02 0.01 0.02 0.01 0.01 0 0 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 0.23 0.11 0.12 0.2 0.15 0.1 0.09 0.07 0.08 0.05 0.04 0.03 0.02 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 0.21 0.11 0.4 0.22 0.13 0.1 0.08 0.09 0.08 0.05 0.03 0.03 0.02 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl <0.1 <0.1 <0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 0.12 0.06 <0.2 0.08 0.08 0.08 0.08 0.07 0.06 0.05 0.06 0.04 <0.1 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 0.04 0.04 <0.4 0.05 0.04 0.03 0.01 0.02 0.02 0.02 0.01 0.03 0.02 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.1 0.05 <0.1 0.08 0.05 0.05 0.04 0.01 0.03 0.02 0.01 0 0.01 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 0.04 0.03 0.09 0.05 0.04 0.03 0.03 0.01 0.02 0.01 0.02 <0.1 0.01 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 0.1 0.08 <0.2 0.09 0.09 0.1 0.09 0.09 0.09 0.09 0.1 0.1 0.07 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.1 0.06 <0.2 0.1 0.07 0.09 0.05 0.06 0.05 0.04 0.04 0.06 0.04 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 0.11 0.05 <0.1 0.08 0.06 0 0 0 0 0 0 0 0 
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 0.21 0.07 0.07 0.1 0.11 0.29 0.07 0.09 0.06 0.1 0.08 0.07 0.18 
209 - Decachlorobiphenyl 0.04 0.02 0.02 0.03 0.03 0.06 0.01 0.02 0.03 0.02 0.02 0.01 0.03 



 











Appendix G: Sediment Core PCB Data 



 
Station 4-3.1 4-3.1 4-3.1 4-3.1 4-3.1 4-3.1 4-3.1 4-3.1 4-3.1 4-3.1 4-3.1 4-3.1 4-3.1 



Core Depth (cm) 0-0.5 0.5-1 1-1.5 1.5-2 2-2.5 2.5-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 
Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 



PCBs (µg/kg)              
8 - 2,4'-Dichlorobiphenyl <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
18 - 2,2',5-Trichlorobiphenyl 0.09 <0.1 0.03 <0.1 0.07 0.06 <0.1 0.06 0.04 0.04 0.02 <0.1 <0.1 
28 - 2,4,4'-Trichlorobiphenyl 0.36 0.05 0.03 0.07 0.25 0.16 0.1 0.09 0.07 0.07 0.09 0.17 0.09 
44 - 2,2',3,5'-Tetrachlorobiphenyl 0 0 0 0 0.49 0.58 0.47 0 0 0 0 0 0 
49 - 2,2',4,5'-Tetrachlorobiphenyl 0.11 0.09 0.11 0.09 0.09 0.08 0.07 0.07 0.06 0.08 0.1 0.08 0.07 
52 - 2,2',5,5'-Tetrachlorobiphenyl 0.1 0.06 0.06 0.08 0.1 0.09 0.07 0.08 0.08 0.04 0.11 0.1 0 
66 - 2,3',4,4'-Tetrachlorobiphenyl 0.43 0.12 0.1 0.1 0.4 0.29 0.08 0.06 0.05 0.14 0.21 0.33 0.05 
77 - 3,3',4,4'-Tetrachlorobiphenyl <0.1 <0.1 <0.1 <0.1 0.06 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
87 - 2,2',3,4,5'-Pentachlorobiphenyl 0.09 0.06 0.05 0.14 0.05 0.09 0.04 0.03 0.08 0.03 0.05 0.04 <0.1 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 0.19 0.12 0.04 0.07 0.1 0.19 0.05 0.05 0.02 0.04 0.1 0.04 0.01 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 0.06 0.05 0.05 0.05 0.06 0.07 0.03 0.02 0.02 0.02 0.04 0.04 0 
118 - 2,3',4,4',5-Pentachlorobiphenyl 0.18 0.17 0.14 0.12 0.14 0.22 0.09 0.08 0.07 0.07 0.12 0.08 0.03 
126 - 3,3',4,4',5-Pentachlorobiphenyl <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 0.05 0.07 0.05 0.04 0.05 0.06 0.03 0.02 0.02 0.02 0.03 0.03 0 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 0.16 0.56 0.1 0.11 0.11 0.53 0.07 0.07 0.05 0.12 0.08 0.14 <0.1 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 0.25 0.7 0.17 0.2 0.21 0.88 0.09 0.09 0.06 0.24 0.16 0.26 0.04 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 0.04 0.23 0.07 0.03 0.03 0.15 0.03 0.03 0.03 0.09 0.05 0.08 0.03 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.08 0.63 0.06 0.05 0.07 0.51 0.04 0.03 0.03 0.17 0.03 0.23 0.01 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 0.04 0.1 0.03 0.03 0.04 0.19 0.03 0.01 0.02 0.05 <0.1 0.06 <0.1 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 0.11 0.07 0.07 0.07 0.08 0.07 0.08 0.09 0.09 0.07 0.09 0.07 0.1 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.06 0.21 0.08 0.06 0.06 0.32 0.05 0.03 0.05 0.09 0.03 0.08 0.02 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 0 0.18 0.1 0.06 0.06 0.07 0 0.04 0 0.07 0 0.05 0 
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 0.09 0.2 0.11 0.1 0.09 0.12 0.1 0.07 0.23 0.08 0.05 0.08 0.1 
209 - Decachlorobiphenyl 0.1 0.06 0.07 0.08 0.08 0.11 0.09 0.05 0.07 0.03 0.02 0.03 0.07 



 
 











 



Appendix H. Sediment PAH Data 
 



Station 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 4-6 4-6 
Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1999 



PAHs (µg/kg)           
Naphthalene 1.9 1.2 2.1 2.2 1.6 1.9 2.2 1.7 1.7 0.98 
C1-Naphthalenes 1 0.61 1.3 0.93 1.2 1.2 1.7 1 0.95 1 
C2-Naphthalenes 2.4 <0.59 <0.95 2.2 <0.77 <0.98 4.8 <0.94 <0.75 2.6 
C3-Naphthalenes 1.9 <0.59 <0.95 <0.7 <0.77 <0.98 <0.72 <0.94 <0.75 3.3 
C4-Naphthalenes <0.87 <0.59 <0.95 <0.7 <0.77 <0.98 38 <0.94 <0.75 <1.2 
Acenaphthylene 0.23 <0.19 0.12 0.15 <0.24 <0.31 <0.23 <0.3 0.14 0.23 
Acenaphthene 0.24 0.21 0.23 0.23 0.18 <0.33 2.3 <0.32 0.18 <0.4 
Biphenyl 0.29 0.25 0.4 0.41 0.29 0.44 0.75 0.33 0.39 0.25 
Fluorene 0.44 0.27 0.36 0.36 0.4 <0.4 3 0.31 0.23 0.26 
C1-Fluorenes <0.36 <0.24 <0.39 <0.28 <0.32 <0.4 17 <0.38 <0.31 <0.49 
C2-Fluorenes <0.36 <0.24 <0.39 <0.28 <0.32 <0.4 32 <0.38 <0.31 <0.49 
C3-Fluorenes <0.36 <0.24 <0.39 <0.28 <0.32 <0.4 34 <0.38 <0.31 <0.49 
Anthracene 0.42 0.1 0.19 0.22 0.26 0.28 2 0.17 0.16 0.13 
Phenanthrene 1.5 0.94 1.7 1.4 1.7 1.8 5.7 1.5 1.1 1 
C1-Phenanthrenes/anthracenes 1.8 0.78 <0.52 1.6 1.2 1.3 6 1.1 0.74 0.97 
C2-Phenanthrenes/anthracenes 2 <0.32 <0.52 <0.38 <0.42 <0.54 14 <0.51 <0.41 1.9 
C3-Phenanthrenes/anthracenes 1.8 <0.32 <0.52 <0.38 <0.42 <0.54 15 <0.51 <0.41 1.4 
C4-Phenanthrenes/anthracenes <0.48 <0.32 <0.52 <0.38 <0.42 <0.54 8.8 <0.51 <0.41 <0.65 
Dibenzothiophene 0.31 0.29 0.3 0.34 0.22 0.39 2 0.26 0.14 <0.26 
C1-Dibenzothiophenes 0.74 <0.13 <0.21 0.67 <0.17 <0.22 11 <0.21 <0.17 <0.26 
C2-Dibenzothiophenes 1.6 <0.13 <0.21 <0.16 <0.17 <0.22 38 <0.21 <0.17 <0.26 
C3-Dibenzothiophenes 2 <0.13 <0.21 <0.16 <0.17 <0.22 47 <0.21 <0.17 <0.26 
Fluoranthene 2.2 0.42 1.1 1.1 0.51 1.1 2.9 0.98 0.72 0.69 
Pyrene 1.8 0.47 0.94 0.96 0.71 0.62 2.8 0.57 1.1 0.95 
C1-Fluoranthenes/pyrenes 2.2 <0.17 <0.28 1.3 <0.22 3 3.4 1.9 1.1 1 
C2-Fluoranthenes/pyrenes 2.2 <0.17 <0.28 <0.2 <0.22 <0.29 4 <0.27 <0.22 1.2 
C3-Fluoranthenes/pyrenes 1.7 <0.17 <0.28 <0.2 <0.22 <0.29 <0.21 <0.27 <0.22 <0.34 
Benzo[a]anthracene 1.3 <0.23 <0.36 <0.27 <0.29 <0.38 <0.28 <0.36 <0.29 <0.45 
Chrysene 1.5 <0.18 <0.3 <0.22 <0.24 <0.31 <0.23 <0.3 <0.24 0.57 
C1-Chrysenes 1.4 <0.18 <0.3 0.6 <0.24 <0.31 <0.23 <0.3 0.8 0.59 
C2-Chrysenes 1.2 <0.18 <0.3 <0.22 <0.24 <0.31 <0.23 <0.3 <0.24 <0.37 
C3-Chrysenes <0.27 <0.18 <0.3 <0.22 <0.24 <0.31 <0.23 <0.3 <0.24 <0.37 
C4-Chrysenes <0.27 <0.18 <0.3 <0.22 <0.24 <0.31 <0.23 <0.3 <0.24 <0.37 
Benzo[b]fluoranthene 2.7 0.41 0.65 0.71 0.55 1.2 0.94 0.46 0.8 0.7 
Benzo[k]fluoranthene 0.83 0.12 0.16 0.16 0.11 0.25 0.26 0.11 0.22 0.31 
Benzo[e]pyrene 1.7 0.41 0.62 0.9 0.51 0.8 0.91 0.44 0.85 0.56 
Benzo[a]pyrene 1.3 0.21 0.44 0.36 0.21 0.46 0.66 0.25 0.49 0.3 
Perylene 1.7 0.97 1.5 1.2 1.2 2.6 1.4 1.2 0.97 0.6 
Indeno[1,2,3,-c,d]pyrene 1.2 0.14 0.37 0.54 0.24 0.64 0.38 0.33 0.52 0.41 
Dibenzo[a,h]anthracene 0.46 <0.23 0.86 0.19 <0.3 0.52 <0.28 0.23 0.077 0.23 
Benzo[g,h,i]perylene 1.6 1 1.3 0.7 0.65 1.2 0.97 0.74 0.72 0.55 



 











Appendix H: Sediment PAH Data 



Station 1-3.5 1-5/6/7 4-1 4-2 4-3 4-3.1 4-5 4-8 



Cruise 
IV 



Control



Cruise 
V 



Control
Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 



PAHs (µg/kg)           
Naphthalene 1.1 1.1 1 1.1 1 1.6 0.81 0.83 2.3 2.6 
C1-Naphthalenes 0.94 1.4 1.3 1.2 1.2 1.4 0.98 0.93 4.4 5.4 
C2-Naphthalenes 2.6 <1.4 3.9 3.8 2.9 3 2.1 2.5 7.2 9.1 
C3-Naphthalenes 2.3 3.5 3.5 3.6 2.2 2.4 <1.2 2.2 7.3 7.8 
C4-Naphthalenes <1 <1.4 <1.3 <1.3 <1.3 <1.3 <1.2 <0.95 5.5 7.5 
Acenaphthylene 0.17 <0.43 0.24 <0.42 0.2 0.27 0.16 <0.3 <0.28 0.21 
Acenaphthene 0.14 <0.46 0.14 <0.44 0.17 0.15 <0.41 <0.32 <0.3 0.26 
Biphenyl 0.24 0.26 0.29 0.32 0.27 0.3 0.16 0.18 1 1.5 
Fluorene 0.24 <0.56 0.22 0.35 0.2 0.31 0.21 0.35 1 1.1 
C1-Fluorenes <0.43 <0.56 <0.53 <0.54 <0.53 <0.53 <0.5 <0.39 2 2.9 
C2-Fluorenes <0.43 <0.56 <0.53 <0.54 <0.53 <0.53 <0.5 <0.39 6 7 
C3-Fluorenes <0.43 <0.56 <0.53 <0.54 <0.53 <0.53 <0.5 <0.39 5.8 6.2 
Anthracene 0.11 0.098 0.18 0.2 0.14 0.19 0.12 0.31 0.22 0.25 
Phenanthrene 1 0.74 1 0.92 0.94 1.2 0.59 0.79 4.2 5.5 
C1-Phenanthrenes/anthracenes 1.2 1.3 1.3 1.3 1.4 1.7 0.74 1.1 7.3 9.1 
C2-Phenanthrenes/anthracenes 2.8 2.6 4.2 3.3 2.5 3.6 1.7 2.1 8 9.1 
C3-Phenanthrenes/anthracenes 1.8 2.3 1.8 1.7 1.9 2.4 1.4 <0.52 3.7 4.2 
C4-Phenanthrenes/anthracenes <0.57 <0.74 <0.71 <0.71 <0.71 <0.71 <0.66 <0.52 <0.49 2.5 
Dibenzothiophene 0.17 <0.3 <0.29 <0.29 <0.29 <0.29 <0.27 0.19 0.44 0.62 
C1-Dibenzothiophenes 0.51 <0.3 <0.29 <0.29 <0.29 <0.29 <0.27 <0.21 0.92 1.1 
C2-Dibenzothiophenes 1.3 <0.3 <0.29 <0.29 <0.29 <0.29 <0.27 <0.21 1.2 1.3 
C3-Dibenzothiophenes 1.6 <0.3 <0.29 <0.29 <0.29 <0.29 <0.27 <0.21 <0.2 <0.2 
Fluoranthene 0.94 0.61 0.96 0.98 0.94 1.5 0.53 0.62 1.2 1.2 
Pyrene 0.94 0.44 1.8 1.5 1.6 2.1 0.72 0.98 1.4 1.6 
C1-Fluoranthenes/pyrenes 0.97 0.73 1.8 1.3 1.6 2.1 0.89 1.6 3.5 4 
C2-Fluoranthenes/pyrenes 1.5 <0.4 2 1.4 1.7 2.4 1.1 2.4 4.7 5.3 
C3-Fluoranthenes/pyrenes <0.3 <0.4 <0.38 <0.38 <0.38 <0.38 <0.35 3.5 3.5 4.2 
Benzo[a]anthracene <0.4 <0.52 <0.5 <0.5 <0.5 <0.5 <0.46 <0.36 <0.34 <0.34 
Chrysene 0.69 0.52 0.93 0.82 0.75 1 0.35 <0.3 1.2 1.5 
C1-Chrysenes 0.68 <0.42 1 0.96 0.94 1 0.52 0.85 1.6 2 
C2-Chrysenes <0.33 <0.42 2.5 <0.41 2.8 <0.41 <0.38 <0.3 1.9 3 
C3-Chrysenes <0.33 <0.42 <0.41 <0.41 <0.41 <0.41 <0.38 4.4 <0.28 1.6 
C4-Chrysenes <0.33 <0.42 <0.41 <0.41 <0.41 <0.41 <0.38 6.6 <0.28 <0.28 
Benzo[b]fluoranthene 0.72 0.48 1.4 1.1 1.4 1.6 0.51 1.5 0.73 1.2 
Benzo[k]fluoranthene 0.28 0.45 0.52 0.43 0.48 0.64 0.28 0.55 0.19 0.4 
Benzo[e]pyrene 0.43 0.39 0.9 0.78 0.86 1 0.36 0.68 0.55 0.88 
Benzo[a]pyrene 0.3 0.35 0.6 0.59 0.52 0.78 0.29 0.49 0.23 0.32 
Perylene 0.73 1.3 6 1.6 1.9 2 0.6 2.5 0.43 0.82 
Indeno[1,2,3,-c,d]pyrene 0.33 0.23 0.62 0.6 0.72 0.99 0.27 0.32 0.19 0.26 
Dibenzo[a,h]anthracene 0.15 0.23 0.16 0.19 0.16 0.21 0.18 0.27 0.17 0.15 
Benzo[g,h,i]perylene 0.42 0.5 0.97 0.75 0.9 1.1 0.36 0.64 0.43 0.52 



 
 











 



Appendix I. Sediment Metals Data 
 



Station 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 4-6 4-6 
Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1999 



Metals (µg/g, except where noted)           
Aluminum (%) 0.94 2.09 1.49 1.42 2 1.26 1.89 1.16 1.26 1.5 
Cadmium 2.34 1.3 3.96 1.16 2.15 2.25 7 2.95 0.28 0.31 
Chromium 87.9 187 161 115 191 103 223 110 108 147 
Copper 61.5 37 109 32.4 52.4 84.4 137 50.8 28.7 28 
Iron (%) 1.53 4.87 1.94 3.84 3.76 1.57 3.77 1.65 2.93 3.39 
Lead 4.5 9.2 3.1 16.9 4.5 5.8 13.3 4.5 5.3 0.028 
Mercury 0.05 0.052 0.107 0.06 0.055 0.063 0.062 0.052 0.033 4.9 
Nickel 95.4 40.5 215 57.2 57.4 96.2 64.1 91.8 35.4 24.1 
Silver 0.53 0.26 1.58 0.29 0.31 0.62 0.43 0.54 0.09 0.16 
Zinc 126 77.2 248 256 90 143 141 126 85.2 72.3 



 
Station 1-3.5 1-5/6/7 4-1 4-2 4-3 4-3.1 4-5 4-8 Cruise IV 



Control 
Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 



Metals (µg/g, except where noted)          
Aluminum (%) 2.03 0.4 2.46 2 1.88 1.93 1.8 1.78 4.96 
Cadmium 0.54 4.37 0.44 0.33 0.31 0.31 0.29 0.47 0.12 
Chromium 227 114 145 125 123 106 197 231 71.8 
Copper 78.2 67.6 33.9 26.5 29.8 28.5 29.9 23.9 4.2 
Iron (%) 5.89 1.23 4.18 3.99 3.97 3.46 4.61 5.63 1.19 
Lead 0.043 0.049 0.054 0.043 0.041 0.052 0.032 0.054 0.034 
Mercury 24.3 1.8 5 4.2 4.2 4.1 4.7 5.3 4.1 
Nickel 25 88.9 33.4 27.5 27.6 28.3 23.9 25.8 28.4 
Silver 0.21 0.31 0.18 0.15 0.14 0.15 0.15 0.19 0.11 
Zinc 78.4 108 83.2 71.2 71.5 70 74.9 61.4 26.9 



 
 











 



Appendix J. Tissue PCB Concentration Data 
Macoma nasuta 



Station 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 4-6 
Cruise II 
Control 



Zero Time 
II 



Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 



PCBs (µg/kg)            
8 - 2,4'-Dichlorobiphenyl <2.5 <1.1 <2.5 <2.8 <2.3 <1.7 <2.7 <2.4 <2.7 <2.6 <2.4 
18 - 2,2',5-Trichlorobiphenyl <3.3 0.24 <3.3 <3.7 <3 <2.2 <3.5 <3.2 <3.6 <3.4 <3.2 
28 - 2,4,4'-Trichlorobiphenyl <3.1 0.22 0.31 0.42 0.31 <2.1 <3.3 0.32 0.54 1.1 0.47 
44 - 2,2',3,5'-Tetrachlorobiphenyl <2.6 1.1 <2.7 0.43 1.4 0.74 0.44 0.4 <2.9 <2.8 <2.6 
49 - 2,2',4,5'-Tetrachlorobiphenyl 1.2 1.2 1.1 1.5 1.7 0.99 1.6 1.9 1.9 4.6 3.1 
52 - 2,2',5,5'-Tetrachlorobiphenyl 1.1 2 1.5 1.1 2.6 1 1.4 2.8 1.8 2.6 1 
66 - 2,3',4,4'-Tetrachlorobiphenyl 0.39 0.57 0.67 0.9 0.9 0.47 1.1 0.73 1.7 2.8 0.73 
77 - 3,3',4,4'-Tetrachlorobiphenyl <5.8 <2.6 <5.9 <6.6 <5.4 <3.9 <6.3 <5.7 <6.4 <6.1 <5.7 
87 - 2,2',3,4,5'-Pentachlorobiphenyl 0.68 0.96 0.45 0.32 1.1 0.46 0.56 1.4 0.5 0.75 0.95 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 1.5 3.4 1.4 2 3.5 1.8 2.4 5.2 2.6 3.9 2.4 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 0.58 0.68 0.47 0.59 0.78 0.36 0.91 1.2 1 1.5 1.3 
118 - 2,3',4,4',5-Pentachlorobiphenyl 1.5 1.8 1.7 1.5 2.4 1.2 1.9 4.3 2.6 4.7 3.1 
126 - 3,3',4,4',5-Pentachlorobiphenyl <4.8 <2.1 <4.9 <5.4 <4.5 <3.2 <5.2 <4.7 <5.2 <5 <4.7 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl <7.7 <3.4 <7.8 <8.7 <7.1 <5.1 <8.3 <7.5 <8.4 0.69 0.77 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 1.8 1.7 2 1 2.6 1.6 2.2 4.2 2.8 4.3 4.4 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2 3.2 2.6 2 3.4 2.1 3.1 6.2 3.2 4.5 4.1 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl <3.9 0.18 <4 <4.4 <3.6 <2.6 <4.2 0.16 <4.2 <4.1 0.81 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <3.9 <1.7 <4 <4.4 <3.6 <2.6 <4.2 <3.8 <4.2 <4.1 <3.8 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl <3.8 0.21 <3.9 <4.3 <3.5 0.26 <4.1 0.64 <4.2 0.3 <3.7 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.45 0.74 0.36 <6.9 0.63 0.76 <6.6 2.6 0.39 0.73 0.84 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl <3.9 0.35 0.34 <4.4 <3.6 0.22 <4.2 1.2 0.36 0.22 0.26 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 1.5 0.69 1.3 1.7 1.9 1.3 1.4 1.9 1.6 1.8 3.2 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.93 1.2 0.63 0.35 1.3 0.83 0.7 3.5 0.46 0.74 1.2 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl <5.4 <2.4 <5.5 <6.1 <5 <3.6 <5.8 0.59 <5.9 <5.7 <5.3 
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl <4.5 0.14 <4.6 <5.1 <4.2 <3 <4.8 1.1 <4.9 <4.7 0.18 
209 - Decachlorobiphenyl <2.5 0.078 <2.5 <2.8 <2.3 <1.7 <2.7 5.6 <2.7 <2.6 0.16 



 











Appendix J: Tissue PCB Concentration Data 



Macoma nasuta 



Station 1-5/6/7 4-1 4-2 4-3 4-5 
Cruise IV 
Control 



Cruise V 
Control 



Zero Time 
IV Zero Time V



Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 



PCBs (µg/kg)          
8 - 2,4'-Dichlorobiphenyl <1.3 <1.4 <1.3 <1.4 <1.4 <2.5 <3.6 <1.3 <2.8 
18 - 2,2',5-Trichlorobiphenyl <0.82 <0.93 <0.87 <0.88 <0.89 <1.6 <2.3 <0.83 <1.8 
28 - 2,4,4'-Trichlorobiphenyl 0.18 1.3 2.1 1.1 1.4 2.3 1.1 1.4 0.82 
44 - 2,2',3,5'-Tetrachlorobiphenyl 0.79 <3.2 <3 <3 <3.1 <5.6 <7.9 <2.9 <6.3 
49 - 2,2',4,5'-Tetrachlorobiphenyl 0.48 0.78 1.2 0.84 0.84 2.2 1.1 0.7 0.92 
52 - 2,2',5,5'-Tetrachlorobiphenyl <2.2 <2.5 1.6 <2.4 <2.4 <4.4 <6.3 <2.3 0.98 
66 - 2,3',4,4'-Tetrachlorobiphenyl 1.6 1.4 1.9 1.3 1.7 4.3 2.4 2 0.96 
77 - 3,3',4,4'-Tetrachlorobiphenyl <1.8 5.1 6.1 4.5 5 14 6.3 6.3 <4.1 
87 - 2,2',3,4,5'-Pentachlorobiphenyl <1.2 <1.3 <1.2 <1.2 <1.2 <2.3 <3.2 <1.2 <2.6 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.2 3.6 4.4 3 3.2 8.4 4.8 4.2 4.5 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 1.2 1.6 1.5 1.8 1.8 3.9 2.4 1.8 1.6 
118 - 2,3',4,4',5-Pentachlorobiphenyl 1.8 4.4 5.6 3.8 4.2 10 5.8 5 5.3 
126 - 3,3',4,4',5-Pentachlorobiphenyl <0.58 <0.66 <0.61 <0.62 <0.63 <1.1 <1.6 <0.58 <1.3 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 0.58 0.72 0.72 0.54 0.48 1.5 0.96 0.92 1.3 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 3.4 4.4 5 4.8 3.4 10 6.1 <1.5 6.9 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 3.6 6 6 4.7 5.5 13 6.5 6.5 6.8 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl 0.47 <0.75 0.73 <0.71 0.37 1.4 0.91 0.56 1.1 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <0.69 <0.79 <0.74 <0.74 <0.75 <1.4 <1.9 <0.7 <1.6 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl <0.82 <0.94 <0.87 <0.88 <0.9 <1.6 <2.3 0.58 1.5 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.61 1.3 0.99 0.86 0.77 1.5 1.2 1.1 2 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl <0.51 <0.58 0.35 <0.55 <0.56 0.18 <1.4 0.16 <1.2 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl <0.53 <0.6 <0.56 <0.57 <0.57 <1 <1.5 <0.54 <1.2 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.46 0.57 0.95 0.34 0.46 1.2 0.75 0.74 1.4 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl <0.78 <0.89 <0.83 0.16 <0.85 0.32 <2.2 0.21 <1.8 
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 0.43 0.25 0.29 0.26 0.3 0.6 0.24 0.18 0.4 
209 - Decachlorobiphenyl 0.51 0.21 0.16 <1.1 0.14 0.53 0.15 0.24 0.19 



 











Appendix J: Tissue PCB Concentration Data 



Nephtys caecoides 



Station 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 4-6 
Cruise II 
Control 



Zero Time 
II 



Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 



PCBs (µg/kg)            
8 - 2,4'-Dichlorobiphenyl <1.5 <2.5 <1.4 <1.7 <2.5 <2.5 <1.6 <1.6 <1.7 <1.7 <1.4 
18 - 2,2',5-Trichlorobiphenyl <2 <3.2 0.36 <2.2 <3.2 <3.3 <2.1 1.8 <2.2 <2.2 <1.8 
28 - 2,4,4'-Trichlorobiphenyl 0.19 0.65 0.17 <2.1 0.66 <3.1 0.18 0.41 0.24 0.68 <1.8 
44 - 2,2',3,5'-Tetrachlorobiphenyl 1 0.34 1.1 0.82 <2.6 0.34 1.3 6.9 1.3 2.4 <1.5 
49 - 2,2',4,5'-Tetrachlorobiphenyl 1.1 2.1 0.91 1 1.6 1.3 1.3 5.4 1.6 4.1 1.3 
52 - 2,2',5,5'-Tetrachlorobiphenyl 1.5 2.4 1.5 1.1 2 1.2 2.4 15 2.2 4 0.29 
66 - 2,3',4,4'-Tetrachlorobiphenyl 0.61 1.5 0.61 0.56 1.6 0.64 0.69 2 1 2.3 <2.5 
77 - 3,3',4,4'-Tetrachlorobiphenyl <3.5 <5.8 <3.3 <3.9 <5.8 <5.8 <3.8 <3.8 <4 <4 <3.3 
87 - 2,2',3,4,5'-Pentachlorobiphenyl 0.49 1.4 0.55 0.32 0.88 0.42 1.2 14 0.61 1.1 0.18 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 4.2 2.5 1.8 4.1 1.4 3.8 29 3 4.8 0.65 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 0.43 1.2 0.37 <2.2 1 <3.3 0.62 11 0.51 1.2 0.26 
118 - 2,3',4,4',5-Pentachlorobiphenyl 1.4 4.6 1.2 1 3.2 1.2 2 26 1.6 3.7 0.58 
126 - 3,3',4,4',5-Pentachlorobiphenyl <2.9 <4.8 <2.7 <3.2 <4.8 <4.8 <3.1 <3.2 <3.3 <3.3 <2.7 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 0.41 <7.6 <4.3 <5.2 <7.6 <7.7 <5 <5.1 <5.3 0.52 <4.4 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 1.8 4.6 1.9 0.94 2.7 2 2 22 2 3 0.93 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.6 5.1 2.4 2.1 4 2.3 3.4 9 3 4.6 1.7 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl <2.4 <3.8 <2.2 <2.6 <3.8 <3.9 <2.5 3.1 <2.7 0.29 <2.2 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <2.4 <3.8 <2.2 <2.6 <3.8 <3.9 <2.5 <2.6 <2.7 <2.6 <2.2 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 0.28 0.33 0.19 <2.6 <3.8 <3.8 <2.5 2 <2.6 0.43 0.098 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.88 0.94 0.57 0.52 0.72 0.43 0.96 4.8 0.74 1 0.42 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 0.17 0.31 0.3 0.22 0.34 <3.9 0.25 1.6 0.29 0.36 0.14 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 1.1 1.6 1.2 1.1 1.6 1.8 1.4 <2.6 1.6 1.4 0.93 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.76 1.6 0.69 0.67 1.1 0.39 0.8 4.5 0.92 1 0.33 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl <3.3 <5.4 <3 <3.7 <5.4 <5.4 <3.5 0.38 <3.7 <3.7 <3.1 
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl <2.7 0.32 <2.5 <3 0.22 <4.5 <2.9 0.79 <3.1 <3.1 0.2 
209 - Decachlorobiphenyl <1.5 0.46 <1.4 <1.7 0.57 <2.5 <1.6 1.1 <1.7 <1.7 <1.4 



 











Appendix J: Tissue PCB Concentration Data 



Nephtys caecoides 



Station 1-5/6/7 4-1 4-2 4-3 4-5 
Cruise IV 
Control 



Cruise V 
Control 



Zero Time 
IV Zero Time V



Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 



PCBs (µg/kg)          
8 - 2,4'-Dichlorobiphenyl <0.88 <0.84 <0.47 <0.44 <0.82 <0.46 <0.84 <0.91 <2.6 
18 - 2,2',5-Trichlorobiphenyl <0.57 <0.54 <0.3 <0.28 0.19 1.6 <0.54 <0.59 <1.7 
28 - 2,4,4'-Trichlorobiphenyl 0.82 0.51 0.58 1.6 0.9 1.2 0.72 0.97 0.38 
44 - 2,2',3,5'-Tetrachlorobiphenyl 1.7 1.5 2.2 3.2 1.5 2.8 1.6 <2 <5.9 
49 - 2,2',4,5'-Tetrachlorobiphenyl <0.3 0.43 0.74 1 0.78 1.5 0.7 <0.31 <0.9 
52 - 2,2',5,5'-Tetrachlorobiphenyl <1.6 1 <0.83 4.3 <1.5 2.5 <1.5 <1.6 0.82 
66 - 2,3',4,4'-Tetrachlorobiphenyl 1.7 0.96 1.6 2.6 1.5 2.9 1.3 0.96 0.46 
77 - 3,3',4,4'-Tetrachlorobiphenyl <1.3 1.4 1.5 <0.63 <1.2 2.9 <1.2 <1.3 <3.8 
87 - 2,2',3,4,5'-Pentachlorobiphenyl <0.81 0.6 <0.43 0.69 0.69 0.86 <0.76 <0.83 0.66 
101 - 2,2',4,5,5'-Pentachlorobiphenyl 2 3 3.9 4.3 3.9 3.3 2.1 <0.61 1.3 
105 - 2,3,3',4,4'-Pentachlorobiphenyl 1.3 0.59 0.9 0.87 1.1 1 0.92 0.73 0.36 
118 - 2,3',4,4',5-Pentachlorobiphenyl 1.2 1.4 1.8 2.3 1.9 2.4 1.9 1 1.1 
126 - 3,3',4,4',5-Pentachlorobiphenyl <0.4 <0.38 <0.21 <0.2 <0.38 <0.21 <0.38 <0.42 <1.2 
128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 0.36 0.21 0.13 0.37 0.25 0.26 0.31 0.18 0.31 
138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 1.3 1.4 1.8 2 1.8 2.1 1.8 1.4 2 
153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 0.91 2 2.1 2.6 3.2 3.6 2.9 2 2 
156 - 2,3,3',4,4',5-Hexachlorobiphenyl <0.46 <0.44 0.27 0.24 <0.43 <0.24 <0.44 0.22 <1.4 
169 - 3,3',4,4',5,5'-Hexachlorobiphenyl <0.48 <0.46 <0.26 <0.24 <0.45 <0.25 <0.46 <0.5 <1.4 
170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl <0.57 <0.55 <0.3 <0.28 <0.54 <0.3 <0.54 <0.59 <1.7 
180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 0.72 <1 <0.58 <0.54 0.44 <0.56 0.93 0.58 0.67 
183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl <0.36 0.16 0.14 0.2 0.21 0.16 0.12 0.095 0.18 
184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl <0.37 <0.35 <0.19 <0.18 <0.34 <0.19 <0.35 <0.38 <1.1 
187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 0.26 0.32 0.4 0.55 0.35 0.53 0.47 0.35 0.51 
195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 0.053 <0.52 0.095 0.15 0.06 0.14 <0.52 <0.56 0.27 
206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 0.13 0.077 0.066 0.052 0.071 0.13 <6.1 <6.6 0.3 
209 - Decachlorobiphenyl 0.13 0.057 0.18 0.032 0.21 <0.38 <0.69 0.068 <2.2 



 
 











 



Appendix K. Tissue PAH Data 
Macoma nasuta 



Station 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 4-6 



Cruise 
II 



Control
Zero 



Time II
Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 



PAHs (µg/kg)            
Naphthalene 14 6.6 13 15 13 19 13 13 17 9.7 10 
C1-Naphthalenes 9.4 4.8 9.6 9.1 9.5 6.5 9.2 9.5 8.9 7.5 7.4 
C2-Naphthalenes 17 9.3 18 <14 13 6.7 15 15 21 16 12 
C3-Naphthalenes <8.8 <3.9 <9 <10 <8.2 <5.9 <9.5 <8.7 <9.7 <9.3 <8.6 
C4-Naphthalenes 0 0 0 0 0 0 0 0 0 0 0 
Acenaphthylene 4.2 1.5 4.7 4.8 1.6 0.57 5.2 6.3 2.2 2 14 
Acenaphthene 1.2 1.7 1.2 2.2 1.8 0.79 1.8 1.8 12 1.3 3.3 
Biphenyl 6.1 4 6.5 7.8 6.8 4.1 7 5.4 5.8 2.7 3 
Fluorene 3.8 2 3.9 4.2 5.1 1.7 4 4.6 3.5 2.7 5 
C1-Fluorenes 7.9 3.1 9.6 9.4 7.1 <3.4 11 11 <5.5 <5.3 8.9 
C2-Fluorenes 0 0 26 20 0 0 25 34 0 0 0 
C3-Fluorenes 0 0 0 0 0 0 0 26 0 0 0 
Anthracene 21 2.4 25 24 3.1 1.2 24 34 12 5.7 55 
Phenanthrene 13 7.2 12 12 17 6.5 16 11 13 11 58 
C1-Phenanthrenes/anthracenes 12 5.1 12 12 8.8 3.7 12 15 12 12 84 
C2-Phenanthrenes/anthracenes 18 0 19 20 0 0 25 28 17 34 150 
C3-Phenanthrenes/anthracenes 0 0 24 0 0 0 0 32 16 38 120 
C4-Phenanthrenes/anthracenes 0 0 0 0 0 0 0 34 0 0 240 
Dibenzothiophene 1.8 0.79 1.2 1.2 1.5 0.56 1.3 1.4 <7.8 1.1 3.3 
C1-Dibenzothiophenes <1.8 2.1 4.7 <2 4.6 2.2 4.5 6.4 <1.9 3.6 14 
C2-Dibenzothiophenes <3.3 <1.5 <3.4 <3.8 <3.1 <2.2 <3.6 <3.3 <3.6 14 47 
C3-Dibenzothiophenes <5.8 <2.6 <5.9 <6.6 <5.4 <3.9 <6.3 <5.7 <6.4 18 52 
Fluoranthene 12 3.6 12 11 6.5 3 12 14 14 44 770 
Pyrene 9 5.7 11 7.9 7 4.8 11 12 11 40 700 
C1-Fluoranthenes/pyrenes 160 0 350 330 10 5 410 440 84 100 630 
C2-Fluoranthenes/pyrenes 66 0 140 110 16 0 150 190 47 67 190 
C3-Fluoranthenes/pyrenes 23 0 34 0 0 0 57 54 19 24 78 
Benzo[a]anthracene 27 <2.8 46 25 <5.8 <4.2 29 48 42 140 610 
Chrysene 32 3 33 18 12 3.8 27 53 52 190 830 
C1-Chrysenes 41 0 50 38 4.8 0 46 77 59 110 260 
C2-Chrysenes 0 0 0 0 0 0 0 0 27 0 100 
C3-Chrysenes 0 0 0 0 0 0 0 0 0 0 25 
C4-Chrysenes 0 0 0 0 0 0 0 0 0 0 0 
Benzo[b]fluoranthene 48 4 72 43 22 5.6 55 97 56 150 600 
Benzo[k]fluoranthene 37 1.8 57 37 14 3.2 52 76 44 90 420 
Benzo[e]pyrene 33 2.7 48 29 14 4.8 38 68 39 100 400 
Benzo[a]pyrene 50 3.2 56 48 13 3 49 77 55 94 390 
Perylene 14 <1.9 13 14 6.3 2.1 9.6 12 14 19 77 
Indeno[1,2,3,-c,d]pyrene 9.3 1.7 17 13 12 4 15 17 8.6 12 110 
Dibenzo[a,h]anthracene 3.2 0.44 4.2 3.1 2.4 <2.8 3.9 3.8 3 3.2 26 
Benzo[g,h,i]perylene 13 1.8 22 16 12 4.1 19 23 12 16 130 



 











Appendix K: Tissue PAH Data 



Macoma nasuta 



Station 1-5/6/7 4-1 4-2 4-3 4-5 
Cruise IV 
Control



Cruise V 
Control 



Zero 
Time IV



Zero 
Time V 



Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 



PAHs (µg/kg)          
Naphthalene 21 17 22 18 18 20 18 20 8 
C1-Naphthalenes 14 14 17 14 11 13 12 <8 <3 
C2-Naphthalenes <9.8 <12 <11 <11 <10 <9.6 <10 <11 <4 
C3-Naphthalenes <6.9 <8.3 <7.6 <8 <7.1 <6.7 <7.3 <7.4 <2.8 
C4-Naphthalenes <9.1 <11 <10 <10 <9.4 <8.8 <9.6 <9.8 <3.7 
Acenaphthylene <4.5 <5.5 <5 <5.3 <4.7 5 <4.8 <4.9 <1.9 
Acenaphthene 3.4 <5.5 <5.1 <5.3 <4.8 5.5 <4.9 <5 <1.9 
Biphenyl 4.7 <5.8 <5.3 <5.5 <5 7.1 <5.1 <5.1 <2 
Fluorene 5.1 <6.9 <6.4 <6.7 <6 6.5 5.1 <6.2 <2.4 
C1-Fluorenes <3.9 <4.7 <4.4 <4.6 <4.1 <3.8 <4.2 <4.2 <1.6 
C2-Fluorenes <9.1 <11 <10 <10 <9.4 <8.8 <9.6 <9.8 <3.7 
C3-Fluorenes <9.1 <11 <10 <10 <9.4 <8.8 <9.6 <9.8 <3.7 
Anthracene 2.5 <7.4 <6.8 <7.1 4.7 7.8 4.4 6.6 7.5 
Phenanthrene 16 14 20 14 21 28 18 29 14 
C1-Phenanthrenes/anthracenes 7.9 <11 <10 <10 <9.4 17 12 20 15 
C2-Phenanthrenes/anthracenes <9.1 <11 <10 <10 <9.4 29 <9.6 <9.8 <3.7 
C3-Phenanthrenes/anthracenes <9.1 <11 <10 <10 <9.4 29 <9.6 <9.8 <3.7 
C4-Phenanthrenes/anthracenes <9.1 <11 <10 <10 <9.4 <8.8 <9.6 <9.8 <3.7 
Dibenzothiophene <5.6 <6.7 <6.2 <6.4 <5.8 <5.4 <5.9 <6 <2.3 
C1-Dibenzothiophenes <1.4 <1.7 <1.5 <1.6 <1.4 <1.4 <1.5 <1.5 <0.57 
C2-Dibenzothiophenes <2.6 <3.1 <2.9 <3 <2.7 <2.5 <2.8 <2.8 <1.1 
C3-Dibenzothiophenes <4.5 <5.5 <5 <5.3 <4.7 <4.4 <4.8 <4.9 <1.9 
Fluoranthene 11 7.8 12 9.8 12 28 16 58 51 
Pyrene 7.6 7.5 13 11 12 26 16 40 38 
C1-Fluoranthenes/pyrenes <9.1 <11 <10 <10 <9.4 28 23 38 31 
C2-Fluoranthenes/pyrenes <9.1 <11 <10 <10 <9.4 <8.8 <9.6 <9.8 <3.7 
C3-Fluoranthenes/pyrenes <9.1 <11 <10 <10 <9.4 <8.8 <9.6 <9.8 <3.7 
Benzo[a]anthracene <4.9 <5.9 <5.4 <5.7 <5.1 <4.8 <5.2 <5.3 <2 
Chrysene <4.5 <5.4 <5 <5.2 <4.6 <4.3 <4.8 25 22 
C1-Chrysenes <9.1 <11 <10 <10 <9.4 <8.8 <9.6 <9.8 11 
C2-Chrysenes <9.1 <11 <10 <10 <9.4 <8.8 <9.6 <9.8 <3.7 
C3-Chrysenes <9.1 <11 <10 <10 <9.4 <8.8 <9.6 <9.8 <3.7 
C4-Chrysenes <9.1 <11 <10 <10 <9.4 <8.8 <9.6 <9.8 <3.7 
Benzo[b]fluoranthene 2.4 <3.7 4.2 <3.6 3.1 11 7.2 19 13 
Benzo[k]fluoranthene 4.7 <7.9 2.7 <7.6 2.4 6.7 3.7 9.6 6.5 
Benzo[e]pyrene 2.3 <4.9 <4.5 <4.7 <4.2 8.2 6 12 10 
Benzo[a]pyrene 1.7 <4.2 <3.8 <4 <3.6 3.3 2.6 7.7 4.6 
Perylene 1.6 <4.2 <3.8 <4 <3.6 3 2.2 4.7 3.9 
Indeno[1,2,3,-c,d]pyrene <3.4 <4.2 <3.8 <4 <3.6 3.5 2.8 7.8 <1.4 
Dibenzo[a,h]anthracene <3.3 <3.9 <3.6 <3.8 <3.4 2.4 <3.5 <3.5 <1.3 
Benzo[g,h,i]perylene 1.7 <4.1 <3.8 18 <3.5 5.6 2.9 7.3 4.3 



 











Appendix K: Tissue PAH Data 



Nephtys caecoides 



Station 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 4-6 



Cruise 
II 



Control
Zero 



Time II
Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 



PAHs (µg/kg)            
Naphthalene 9.1 13 8.4 11 14 14 8.8 10 17 8.4 7.4 
C1-Naphthalenes 7.4 9.7 5.9 8.8 8.9 9.4 7.3 8 10 5.1 8.9 
C2-Naphthalenes 15 20 7.8 16 13 18 16 12 19 9.2 13 
C3-Naphthalenes <5.4 <8.8 <5 <6 <8.8 <8.8 <5.8 <5.8 <6.1 <6 <5 
C4-Naphthalenes 0 0 0 0 0 0 0 0 0 0 0 
Acenaphthylene 1.1 3.2 0.64 1 4.2 7.1 1.1 1.3 2.6 1.7 1.1 
Acenaphthene 2 1.6 0.92 1.8 1.5 1.9 1.1 2 1.6 1.5 1.5 
Biphenyl 5.4 6.6 4.4 5 5.9 8.6 4.3 9.4 5.7 2.5 2.8 
Fluorene 2.9 3.8 1.7 3.7 4.1 4.1 2.5 3.1 4.3 2.1 3.3 
C1-Fluorenes 5.2 8.8 4.3 4.7 9.3 9 5.1 3.3 5.6 4 5 
C2-Fluorenes 0 20 0 0 25 23 0 12 0 0 0 
C3-Fluorenes 0 0 0 0 0 0 0 0 0 0 0 
Anthracene 3 21 2 2.6 26 27 3.1 3 3.8 3.6 1.5 
Phenanthrene 12 15 8 11 18 20 9.3 11 18 12 13 
C1-Phenanthrenes/anthracenes 8.8 14 5.2 8 14 12 9.6 6.7 9 9.2 7.9 
C2-Phenanthrenes/anthracenes 0 25 0 0 21 23 0 0 0 0 0 
C3-Phenanthrenes/anthracenes 0 28 0 0 0 27 0 0 0 0 0 
C4-Phenanthrenes/anthracenes 0 36 0 0 0 0 0 0 0 0 0 
Dibenzothiophene 1.2 1.7 0.64 1 1.4 1.7 0.75 0.98 1.1 0.98 1.3 
C1-Dibenzothiophenes 3.4 5 2.2 2.8 3.7 4 4.5 3.7 2.9 2.6 2.7 
C2-Dibenzothiophenes <2 <3.3 <1.9 <2.2 <3.3 <3.3 16 <2.2 <2.3 <2.3 <1.9 
C3-Dibenzothiophenes <3.5 <5.8 <3.3 <3.9 <5.8 <5.8 14 <3.8 <4 <4 <3.3 
Fluoranthene 5.8 15 4.1 3.8 19 13 4.3 5.7 10 9 4.5 
Pyrene 6.8 11 6 5.2 12 11 8.4 8.1 12 13 5.2 
C1-Fluoranthenes/pyrenes 0 180 5 6.1 310 410 10 14 6.6 5.1 4.4 
C2-Fluoranthenes/pyrenes 0 89 0 0 110 160 0 19 0 0 0 
C3-Fluoranthenes/pyrenes 0 29 0 0 36 41 0 24 0 0 0 
Benzo[a]anthracene <3.8 37 <3.5 <4.2 40 27 <4.1 <4.2 <4.3 <4.3 <3.6 
Chrysene 2.8 54 1.7 2.1 46 24 2.9 <3.8 5.1 8.4 2.6 
C1-Chrysenes 0 59 0 0 66 42 0 12 3.1 0 2.4 
C2-Chrysenes 0 0 0 0 52 0 0 0 0 0 0 
C3-Chrysenes 0 0 0 0 0 0 0 0 0 0 0 
C4-Chrysenes 0 0 0 0 0 0 0 0 0 0 0 
Benzo[b]fluoranthene 22 73 1.4 <2.7 71 42 6.8 6 3.3 2.5 1.4 
Benzo[k]fluoranthene <5.1 53 1.1 4 58 35 <5.5 1.4 2.5 1.3 0.9 
Benzo[e]pyrene <3.2 46 7.2 3.7 46 29 3.2 3.9 2.9 8.5 6.9 
Benzo[a]pyrene <2.7 58 1.2 7.8 60 43 6.2 4.4 4.1 3.4 4.7 
Perylene <2.7 9 <2.5 <3 11 6.8 2.4 <2.9 <3 0.83 2.1 
Indeno[1,2,3,-c,d]pyrene <2.7 17 <2.5 <3 15 10 <2.9 1.2 1.4 0.85 0.99 
Dibenzo[a,h]anthracene <2.5 4 <2.3 <2.8 3.9 3.3 <2.7 <2.8 <2.9 <2.9 0.67 
Benzo[g,h,i]perylene <2.6 20 0.59 <2.9 19 14 2.9 7.5 2 1.2 1.1 



 











Appendix K: Tissue PAH Data 



Nephtys caecoides 



Station 1-5/6/7 4-1 4-2 4-3 4-5 
Cruise IV 
Control 



Cruise V 
Control 



Zero 
Time IV 



Zero 
Time V 



Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 



PAHs (µg/kg)          
Naphthalene 14 10 11 12 11 9.4 11 22 5.5 
C1-Naphthalenes 14 8.1 8.5 12 9.5 7.4 9.6 9.7 9.6 
C2-Naphthalenes <7.3 <7.2 <6.8 <6.9 <6.5 <5.6 <6.9 <7.8 <3.8 
C3-Naphthalenes <5.1 <5 <4.8 <4.8 <4.6 <3.9 <4.8 <5.4 <2.6 
C4-Naphthalenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
Acenaphthylene <3.3 <3.3 <3.1 <3.2 <3 <2.6 <3.2 <3.6 <1.7 
Acenaphthene <3.4 <3.3 <3.2 <3.2 <3 <2.6 <3.2 <3.6 <1.8 
Biphenyl 3.8 <3.5 <3.3 <3.3 <3.2 <2.7 <3.4 <3.8 <1.8 
Fluorene 3.8 <4.2 <4 4 <3.8 <3.3 3.9 <4.5 <2.2 
C1-Fluorenes <2.9 <2.8 <2.7 <2.7 <2.6 <2.2 <2.8 <3.1 <1.5 
C2-Fluorenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
C3-Fluorenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
Anthracene 2.7 4.7 2.6 3.9 3.7 3.1 3.5 <4.8 3.4 
Phenanthrene 16 7.9 9 12 9.6 8.9 15 11 9 
C1-Phenanthrenes/anthracenes 9.4 <6.6 <6.3 7.1 <6 <5.2 10 <7.2 9 
C2-Phenanthrenes/anthracenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
C3-Phenanthrenes/anthracenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
C4-Phenanthrenes/anthracenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
Dibenzothiophene <4.1 <4 <3.8 <3.9 <3.7 <3.2 <3.9 <4.4 <2.1 
C1-Dibenzothiophenes <1 <1 <0.96 <0.97 <0.92 <0.79 <0.98 <1.1 <0.53 
C2-Dibenzothiophenes <1.9 <1.9 <1.8 <1.8 <1.7 <1.5 <1.8 <2 <0.99 
C3-Dibenzothiophenes <3.3 <3.3 <3.1 <3.2 <3 <2.6 <3.2 <3.6 <1.7 
Fluoranthene 8.5 4.8 4.9 6 5.4 5.6 8 5.8 5.1 
Pyrene 8.5 8 7.6 10 7.1 9.4 10 10 8 
C1-Fluoranthenes/pyrenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
C2-Fluoranthenes/pyrenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
C3-Fluoranthenes/pyrenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
Benzo[a]anthracene <3.6 <3.6 <3.4 13 <3.2 <2.8 <3.4 <3.9 <1.9 
Chrysene <3.3 <3.2 <3.1 <3.1 <3 <2.6 <3.1 <3.5 <1.7 
C1-Chrysenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
C2-Chrysenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
C3-Chrysenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
C4-Chrysenes <6.7 <6.6 <6.3 <6.3 <6 <5.2 <6.4 <7.2 <3.5 
Benzo[b]fluoranthene <2.3 <2.2 <2.1 <2.1 <2 2.2 <2.2 <2.4 <1.2 
Benzo[k]fluoranthene <4.8 <4.7 <4.5 <4.5 <4.3 1.3 <4.6 <5.2 <2.5 
Benzo[e]pyrene <3 <2.9 <2.8 <2.8 <2.7 1.6 <2.8 <3.2 <1.5 
Benzo[a]pyrene <2.5 <2.5 <2.4 <2.4 <2.3 <2 <2.4 <2.7 <1.3 
Perylene <2.5 <2.5 <2.4 <2.4 <2.3 <2 <2.4 <2.7 <1.3 
Indeno[1,2,3,-c,d]pyrene <2.5 <2.5 <2.4 <2.4 <2.3 <2 <2.4 <2.7 <1.3 
Dibenzo[a,h]anthracene <2.4 <2.4 <2.3 <2.3 <2.2 <1.9 <2.3 <2.6 <1.2 
Benzo[g,h,i]perylene <2.5 <2.5 <2.3 <2.4 <2.2 <1.9 <2.4 <2.7 <1.3 



 
 











 



Appendix L. Tissue Metals Data 
Macoma nasuta 



Station 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 4-6 
Cruise II 
Control



Zero 
Time II 



Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 



Metals (µg/g, except 
where noted)            



Cadmium 0.84 0.64 0.7 0.66 0.66 0.84 0.37 0.34 0.65 0.22 0.3 
Chromium 4.84 12.5 7.98 4.21 5.4 6.86 22.1 7.64 4.54 21.7 28.9 
Copper 101 75.5 85.5 96.8 105 102 54 92 95.9 143 80.8 
Iron 1040 710 637 514 896 595 864 880 571 721 1710 
Mercury 0.902 0.718 0.824 0.928 1.01 0.772 0.726 0.978 0.843 0.479 0.486 
Lead 3.99 4.68 5.13 4.81 5.12 4.1 3.34 4.84 5.29 2.66 2.68 
Nickel 9.97 14.1 13.3 11 11.2 11.8 23.7 20.5 11.6 15.7 23.1 
Silver 0.495 0.445 0.464 0.447 0.438 0.535 0.242 0.378 0.5 0.541 0.389 
Zinc 257 281 231 322 285 244 235 313 245 227 233 
Dry Weight (%) 9.775 16.95 10 9.56 11.7 12.9 9.72 9.88 9.595 9.87 10.75 
Lipid (%) 6.99 8.6 5.9 5.02 10.7 8.96 5.16 5.76 5.76 3.59 4.89 



 
 



Station 1-5/6/7 4-1 4-2 4-3 4-5 
Cruise IV 
Control 



Cruise V 
Control 



Zero 
Time IV 



Zero 
Time V 



Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 



Metals (µg/g, except where 
noted) 



         



Cadmium 1.76 0.48 0.48 0.46 0.46 0.64 0.9 0.42  



Chromium 3.6 3.1 2.6 2.7 3.1 2.5 5 6.4  



Copper 172 58.2 46.8 56.9 44.4 41.8 160 68.4  



Iron 518 568 484 495 525 543 1010 1150  



Mercury 0.283 0.228 0.212 0.281 0.227 0.186 0.305 0.244  



Lead 3.27 2.92 2.48 2.6 2.12 2.95 4.6 3.48  



Nickel 10.3 9.4 8.5 8.6 7.9 6.4 10.5 9.5  



Silver 0.39 0.32 0.27 0.27 0.31 0.21 0.59 0.31  



Zinc 263 258 247 243 288 298 474 200  



Dry Weight (%) 12  10.6  11.3  11.2  11  13.6  11.7 11.8  10.6  



Lipid (%) 4.555  5.025  5.095  5.005  4.505  6.845  4.465  6.385  6.07  



 











Appendix L: Tissue Metals Data 



Nephtys caecoides 



Station 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 4-6 
Cruise II 
Control



Zero 
Time II 



Year 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 1998 



Metals (µg/g, except 
where noted) 



           



Cadmium 1.5 1.23 1.19 1.06 0.96 1.98 0.68 1.34 0.79 0.67 0.84 
Chromium 1.42 7.03 5.39 15.9 4.1 1.61 1.16 1.38 6.92 0.82 32.4 
Copper 7.95 12.2 5.31 5.32 7.06 13.7 8.67 9.06 8.05 10.7 5.19 
Iron 499 514 439 413 418 439 363 408 395 537 1190 
Mercury 0.179 0.101 0.121 0.133 0.15 0.082 0.158 0.112 0.119 0.076 0.057 
Lead 0.31 0.65 0.68 1.19 2.27 0.87 1.01 1.32 0.21 0.3 1.51 
Nickel 3.68 8.68 5.43 9.98 4.1 5.28 2.49 2.97 6.12 2.16 22.6 
Silver 0.08 0.054 0.067 0.054 0.034 0.095 0.07 0.06 0.043 0.097 0.019 
Zinc 220 207 216 207 228 258 193 244 189 198 138 
Dry Weight (%) 17 14.55 17.7 14.6 12.6 13.6 16.25 16.7 15.15 15.95 18.2 
Lipid (%) 12.8 4.92 11.5 11.2 5.6 5.32 11.3 12.8 11.1 6.9 9.67 



 
 



Station 1-5/6/7 4-1 4-2 4-3 4-5 
Cruise IV 
Control 



Cruise V 
Control 



Zero 
Time IV 



Zero 
Time V 



Year 1999 1999 1999 1999 1999 1999 1999 1999 1999 



Metals (µg/g, except where 
noted) 



         



Aluminum 33.8 37 27.5 45.5 19.4 33.6 75 12.5  
Cadmium 3.18 1.22 1.09 1.3 1.26 1.3 0.99 0.94  
Chromium 0.5 0.4 0.3 0.3 0.3 0.5 0.7 0.4  
Copper 78.5 8.5 9 9.3 8.1 23.5 21.9 6.7  
Iron 318 378 354 377 297 417 415 338  
Mercury 0.035 0.069 0.057 0.068 0.056 0.046 0.04 0.045  
Lead 0.27 0.35 0.33 0.38 0.3 0.67 0.26 0.3  
Nickel 2 2.2 1.8 2.1 2 3.4 1.5 1.7  
Silver 0.29 0.09 0.08 0.09 0.08 0.18 0.17 0.05  
Zinc 360 223 213 227 214 235 199 156  
Dry Weight (%) 17  18.1  16.2  17.4  18.3  16.7  18.2  16.5  14.8  
Lipid (%) 9.955  10.23  9.52  11.86  11.35  8.885  8.84  9.205  9.83  



 
 











 



Appendix M. Literature Survey 
The scientific literature was examined for useful references prior to completion of the 1994 
SINKEX draft report. The principal literature reference source for this earlier survey was the 
Aquatic Sciences and Fisheries Abstracts database accessed at the Scripps Institute of 
Oceanography Library. Since the completion of the initial literature search, additional literature 
searches were performed. The literature was examined for useful references to include the period 
from the late 1970s to the first quarter of 2002. The literature databases examined were: 1) the 
Aquatic Sciences and Fisheries Abstracts; 2) Current Contents; 3) Sea Grant Publications; and 4) 
the Marine, Oceanographic, and Freshwater Resources database . The keywords used initially 
were: 



• (PCB or PCBs) 
• polychlorinated 
• (organochlorine or organochlorines) 
• chlorinated hydrocarbons 
• (biphenyl or biphenyls) 



The keyword search was also combined to use the compound form: 



• (PCB or PCBs) and (marine or seawater) or (ocean or estuarine) 



This combined search term was applied in order to better focus on the oceanic-marine-estuarine 
literature since the general terms were returning many off-topic references such as laboratory 
mammalian studies and terrestrial data. Searches included the keywords in all record fields 
where abstracts, summaries, and other data fields were provided as opposed to simply the title 
field. 



The literature survey also focused on physical PCB subjects such as felt material, coatings, and 
insulation. A list of databases searched where information was found are listed below. 



• INSPEC 1969-1997/Jan W4; (c) 1997 Institution of Electrical Engineers 
• Ei Compendex(R) 1970-1997/Mar W1; (c) 1997 Engineering Info. Inc. 
• World Surface Coatings Abs 1976-1996/Nov; (c) 1996 Paint Research Assn. 
• METADEX(R) 1966-1997/Feb B2; (c) 1997 Cambridge Scientific Abs 
• Aluminium Ind Abs 1968-1997/Feb; (c) 1997 Cambridge Scientific Abs 
• Inside Conferences 1993-1996; (c) 1996 BLDSC all rts. reserv. 
• JICST-EPlus 1985-1997/Dec W5; (c) 1997 Japan Science and Tech Corp(JST) 
• Wilson Appl. Sci & Tech Abs 1983-1997/Dec; (c) 1997 The HW Wilson Co. 
• Pascal 1973-1997/Jan; (c) 1997 INIST/CNRS 
• Analytical Abstracts 1980-1997/Feb; (c) 1997 Royal Soc Chemistry 
• ChemEng & Biotec Abs 1970-1997/Jan; (c)1997 RoySocChm,DECHEMA,FizChemie 
• Chemical Safety NewsBase 1981-1997/Feb; (c) 1997 Royal Soc Chemistry 
• Polymer Online; (c) 1990 John Wiley & Sons Inc. 
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• RAPRA Rubber & Plastics 1972-1997/Jan B3; (c) 1997 RAPRA Technol Ltd 
• CLAIMS(R)/US PATENTS ABS 1950-1996/NOV; (c) 1997 IFI/Plenum Data Corp. 
• Current BioTech Abs 1983-1997/Feb; Royal Soc Chem & DECHEMA 
• Scisearch(R) Cited Ref Sci 1974-1997/Jan W3; (c) 1997 Inst for Sci Info 
• CA SEARCH(R) 1967-1996/UD=12605; (c) 1997 American Chemical Society 
• NTIS 64-1997/Jan W1; Comp&distr 1997 NTIS, Intl Copyright All Rights Re 
• Energy SciTec 1974-1997/Nov B2; (c) 1997 Contains copyrighted material 
• Aerospace Database 1962-1997/Dec; (c) 1997 AIAA 
• PIRA 1975-1997Feb W2 



The processing of the literature search results was accomplished in the following manner: 



1. Access data from databases and save as text files.  
2. Create and run scripts written with data conversion software (Data Junction Cambio 



V.6.0-7.0) to convert text files to suitable import format (i.e., ASCII delimited files). 
3. Merge data into an import table for MS Access and remove duplicates. 
4. Merge import table with existing MS Access PCB database and again remove duplicates. 



The current SINKEX bibliographic database exists in MicroSoft Office 97 Access 
format. It is fully searchable and output files can be created by use of appropriate queries 
and report formats. 



Confidence in the bibliographic database content increased as the degree of returned duplicate 
records increased, indicating that the sources and search terms used were effective. Additional 
records were added when found referenced in documents accessed, or while not directly 
concerned with PCBs, their content was relevant to SINKEX. The total record count is currently 
at 2757 references, of which 603 are held as hardcopy documents. 
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SITE LABEL SAMPLE LABEL 



DUPLICATE 
LABEL SAMPLE MEDIUM TYPE NAME 



SAMPLE 
DATE LATITUDE LONGITUDE



SINKEX ADCP I 2SX_ADCP None Seawater Regular 1998.09.06 32.758092 -119.591412
SINKEX ADCP I 2SX_ADCP None Seawater Regular 1998.09.06 32.758092 -119.591412
SINKEX 4-1 2SX0001 1 Sediment Regular 1998.09.07 32.765967 -119.592994
SINKEX 4-1 2SX0001 1 Sediment Regular 1998.09.07 32.765967 -119.592994
SINKEX 1-1 2SX0002 None Sediment Composite 1998.09.08 32.756996 -119.593274
SINKEX 1-1 2SX0002 None Sediment Composite 1998.09.08 32.756996 -119.593274
SINKEX 1-4 2SX0003 None Sediment Composite 1998.09.08 32.756839 -119.592758
SINKEX 1-4 2SX0003 None Sediment Composite 1998.09.08 32.756839 -119.592758
SINKEX 1-4 2SX0003.11 None Sediment Regular 1998.09.08 32.756839 -119.592758
SINKEX 1-4 2SX0003.11 None Sediment Regular 1998.09.08 32.756839 -119.592758
SINKEX 1-4 2SX0004 None Sediment Regular 1998.09.08 32.756839 -119.592758
SINKEX 1-4 2SX0004 None Sediment Regular 1998.09.08 32.756839 -119.592758
SINKEX 1-4 2SX0005 1 Sediment Regular 1998.09.08 32.756839 -119.592758
SINKEX 1-4 2SX0005 1 Sediment Regular 1998.09.08 32.756839 -119.592758
SINKEX 1-4 2SX0006 None Sediment Regular 1998.09.08 32.756839 -119.592758
SINKEX 1-4 2SX0006 None Sediment Regular 1998.09.08 32.756839 -119.592758
SINKEX 1-4 2SX0007 None Sediment Regular 1998.09.08 32.756839 -119.592758
SINKEX 1-4 2SX0007 None Sediment Regular 1998.09.08 32.756839 -119.592758
SINKEX 1-7 2SX0008 None Sediment Composite 1998.09.08 32.756813 -119.593564
SINKEX 1-7 2SX0008 None Sediment Composite 1998.09.08 32.756813 -119.593564
SINKEX 1-7 2SX0008.11 None Sediment Regular 1998.09.08 32.756813 -119.593564
SINKEX 1-7 2SX0008.11 None Sediment Regular 1998.09.08 32.756813 -119.593564
SINKEX 1-1 2SX0102 1 Sediment Regular 1998.09.08 32.756996 -119.593274
SINKEX 1-1 2SX0102 1 Sediment Regular 1998.09.08 32.756996 -119.593274
SINKEX 1-1 2SX0103 1 Sediment Regular 1998.09.08 32.756996 -119.593274
SINKEX 1-1 2SX0103 1 Sediment Regular 1998.09.08 32.756996 -119.593274
SINKEX II MISC T1 None Sediment Regular 1998.09.08 32.756901 -119.593028
SINKEX II MISC T1 None Sediment Regular 1998.09.08 32.756901 -119.593028
SINKEX 1-3 2SX0009 1 Sediment Regular 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0009 1 Sediment Regular 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0010 1 Sediment Regular 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0010 1 Sediment Regular 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0011 None Sediment Regular 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0011 None Sediment Regular 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0012 1 Sediment Regular 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0012 1 Sediment Regular 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0013 None Sediment Regular 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0013 None Sediment Regular 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0014 None Sediment Split 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0014 None Sediment Split 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0014DUP None Sediment Split 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0014DUP None Sediment Split 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0015 None Sediment Composite 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0015 None Sediment Composite 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0015.b 1 Sediment Regular 1998.09.09 32.756951 -119.59276 
SINKEX 1-3 2SX0015.b 1 Sediment Regular 1998.09.09 32.756951 -119.59276 
SINKEX 1-8 2SX0016 None Sediment Composite 1998.09.09 32.757009 -119.593544
SINKEX 1-8 2SX0016 None Sediment Composite 1998.09.09 32.757009 -119.593544
SINKEX 1-5 2SX0017 1 Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0017 1 Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0018 None Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0018 None Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0019 None Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0019 None Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0020 None Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0020 None Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0021 1 Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0021 1 Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0022 1 Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0022 1 Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0023 None Sediment Composite 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0023 None Sediment Composite 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0023.11 None Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-5 2SX0023.11 None Sediment Regular 1998.09.11 32.756833 -119.593051
SINKEX 1-2 2SX0024 None Sediment Composite 1998.09.11 32.756988 -119.593058
SINKEX 1-2 2SX0024 None Sediment Composite 1998.09.11 32.756988 -119.593058
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SITE LABEL SAMPLE LABEL 
DUPLICATE 
LABEL SAMPLE MEDIUM TYPE NAME 



SAMPLE 
DATE LATITUDE LONGITUDE



SINKEX 1-2 2SX0024.11 None Sediment Regular 1998.09.11 32.756988 -119.593058
SINKEX 1-2 2SX0024.11 None Sediment Regular 1998.09.11 32.756988 -119.593058
SINKEX 1-6 2SX0025 None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0025 None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0025Re-Analysis None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0025Re-Analysis None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0025Re-Analysis2 None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0025Re-Analysis2 None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0026 None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0026 None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0027 1 Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0027 1 Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0028 None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0028 None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0029 1 Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0029 1 Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 1 Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 1 Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 .5-1cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 .5-1cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 0-.5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 0-.5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 1.5-2cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 1.5-2cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 1-1.5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 1-1.5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 2.5-3cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 2.5-3cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 2-2.5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 2-2.5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 3-4cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 3-4cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 4-5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 4-5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 5-6cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 5-6cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 6-7cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 6-7cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 7-8cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0030 7-8cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0031 None Sediment Composite 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0031 None Sediment Composite 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0031.11 None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0031.11 None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0031.b 1 Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0031.b 1 Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 4-6 2SX0036 None Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0036 None Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0037 None Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0037 None Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0037Re-Analysis None Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0037Re-Analysis None Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0037Re-Analysis2 None Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0037Re-Analysis2 None Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0038 1 Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0038 1 Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0039 None Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0039 None Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0041 None Sediment Composite 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0041 None Sediment Composite 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0041.11 None Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 4-6 2SX0041.11 None Sediment Regular 1998.09.11 32.750609 -119.600484
SINKEX 1-6 2SX0052 .5-1cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 .5-1cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 0-.5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 0-.5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 1.5-2cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 1.5-2cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 10-11cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 10-11cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 1-1.5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
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SINKEX 1-6 2SX0052 1-1.5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 2.5-3cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 2.5-3cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 2-2.5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 2-2.5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 3-4cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 3-4cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 4-5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 4-5cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 5-6cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 5-6cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 6-7cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 6-7cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 7-8cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 7-8cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 8-9cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 8-9cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 9-10cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX 1-6 2SX0052 9-10cm None Sediment Regular 1998.09.11 32.756827 -119.593272
SINKEX STN I 2SX0104 1 Sediment Regular 1998.09.12 32.758813 -119.592448
SINKEX STN I 2SX0104 2 Sediment Regular 1998.09.12 32.758813 -119.592448
SINKEX STN I 2SX0104 3 Sediment Regular 1998.09.12 32.758813 -119.592448
SINKEX STN I 2SX0104 4 Sediment Regular 1998.09.12 32.758813 -119.592448
SINKEX STN I 2SX0104 1 Sediment Regular 1998.09.12 32.758813 -119.592448
SINKEX STN I 2SX0104 2 Sediment Regular 1998.09.12 32.758813 -119.592448
SINKEX STN I 2SX0104 3 Sediment Regular 1998.09.12 32.758813 -119.592448
SINKEX STN I 2SX0104 4 Sediment Regular 1998.09.12 32.758813 -119.592448
SINKEX STS I 2SX0106 1 Sediment Regular 1998.09.12 32.755485 -119.592778
SINKEX STS I 2SX0106 2 Sediment Regular 1998.09.12 32.755485 -119.592778
SINKEX STS I 2SX0106 3 Sediment Regular 1998.09.12 32.755485 -119.592778
SINKEX STS I 2SX0106 4 Sediment Regular 1998.09.12 32.755485 -119.592778
SINKEX STS I 2SX0106 1 Sediment Regular 1998.09.12 32.755485 -119.592778
SINKEX STS I 2SX0106 2 Sediment Regular 1998.09.12 32.755485 -119.592778
SINKEX STS I 2SX0106 3 Sediment Regular 1998.09.12 32.755485 -119.592778
SINKEX STS I 2SX0106 4 Sediment Regular 1998.09.12 32.755485 -119.592778
SINKEX 1-8 2SX0042 None Sediment Regular 1998.09.13 32.757009 -119.593544
SINKEX 1-8 2SX0042 None Sediment Regular 1998.09.13 32.757009 -119.593544
SINKEX 1-8 2SX0043 None Sediment Regular 1998.09.13 32.757009 -119.593544
SINKEX 1-8 2SX0043 None Sediment Regular 1998.09.13 32.757009 -119.593544
SINKEX 1-8 2SX0044 None Sediment Regular 1998.09.13 32.757009 -119.593544
SINKEX 1-8 2SX0044 None Sediment Regular 1998.09.13 32.757009 -119.593544
SINKEX 1-8 2SX0045 1 Sediment Regular 1998.09.13 32.757009 -119.593544
SINKEX 1-8 2SX0045 1 Sediment Regular 1998.09.13 32.757009 -119.593544
SINKEX 1-8 2SX0046 1 Sediment Regular 1998.09.13 32.757009 -119.593544
SINKEX 1-8 2SX0046 1 Sediment Regular 1998.09.13 32.757009 -119.593544
SINKEX 1-8 2SX0047 1 Sediment Regular 1998.09.13 32.757009 -119.593544
SINKEX 1-8 2SX0047 1 Sediment Regular 1998.09.13 32.757009 -119.593544
SINKEX 1-7 2SX0048 None Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0048 None Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0049 None Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0049 None Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0050 None Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0050 None Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0050Re-Analysis None Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0050Re-Analysis None Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0050Re-Analysis2 None Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0050Re-Analysis2 None Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0051 1 Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0051 1 Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0052 1 Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0052 1 Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0053 1 Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-7 2SX0053 1 Sediment Regular 1998.09.13 32.756813 -119.593564
SINKEX 1-2 2SX0054 None Sediment Regular 1998.09.13 32.756988 -119.593058
SINKEX 1-2 2SX0054 None Sediment Regular 1998.09.13 32.756988 -119.593058
SINKEX 1-2 2SX0055 None Sediment Regular 1998.09.13 32.756988 -119.593058
SINKEX 1-2 2SX0055 None Sediment Regular 1998.09.13 32.756988 -119.593058
SINKEX 1-2 2SX0056 None Sediment Regular 1998.09.13 32.756988 -119.593058
SINKEX 1-2 2SX0056 None Sediment Regular 1998.09.13 32.756988 -119.593058
SINKEX 1-2 2SX0057 1 Sediment Regular 1998.09.13 32.756988 -119.593058
SINKEX 1-2 2SX0057 1 Sediment Regular 1998.09.13 32.756988 -119.593058
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SINKEX 1-2 2SX0058 1 Sediment Regular 1998.09.13 32.756988 -119.593058
SINKEX 1-2 2SX0058 1 Sediment Regular 1998.09.13 32.756988 -119.593058
SINKEX 1-2 2SX0059 1 Sediment Regular 1998.09.13 32.756988 -119.593058
SINKEX 1-2 2SX0059 1 Sediment Regular 1998.09.13 32.756988 -119.593058
SINKEX 1-1 2SX0060 None Sediment Regular 1998.09.13 32.756996 -119.593274
SINKEX 1-1 2SX0060 None Sediment Regular 1998.09.13 32.756996 -119.593274
SINKEX 1-1 2SX0061 None Sediment Regular 1998.09.13 32.756996 -119.593274
SINKEX 1-1 2SX0061 None Sediment Regular 1998.09.13 32.756996 -119.593274
SINKEX 1-1 2SX0062 None Sediment Regular 1998.09.13 32.756996 -119.593274
SINKEX 1-1 2SX0062 None Sediment Regular 1998.09.13 32.756996 -119.593274
SINKEX 1-1 2SX0063 1 Sediment Regular 1998.09.13 32.756996 -119.593274
SINKEX 1-1 2SX0063 1 Sediment Regular 1998.09.13 32.756996 -119.593274
SINKEX 1-1 2SX0064 1 Sediment Regular 1998.09.13 32.756996 -119.593274
SINKEX 1-1 2SX0064 1 Sediment Regular 1998.09.13 32.756996 -119.593274
SINKEX 1-1 2SX0065 1 Sediment Regular 1998.09.13 32.756996 -119.593274
SINKEX 1-1 2SX0065 1 Sediment Regular 1998.09.13 32.756996 -119.593274
SINKEX II MISC 2SX9999-MISC None Organism Assorted 1998.09.13 32.756901 -119.593028
SINKEX II MISC 2SX9999-MISC None Organism Assorted 1998.09.13 32.756901 -119.593028
SINKEX Fish Trap 3 2SX0066 None Anoplopoma fimbria Regular 1998.09.14 32.757057 -119.593525
SINKEX Fish Trap 3 2SX0066 None Anoplopoma fimbria Regular 1998.09.14 32.757057 -119.593525
SINKEX Fish Trap 3 2SX0066.600 None Anoplopoma fimbria Regular 1998.09.14 32.757057 -119.593525
SINKEX Fish Trap 3 2SX0066.600 None Anoplopoma fimbria Regular 1998.09.14 32.757057 -119.593525
SINKEX Fish Trap 3 2SX0066Re-Analysis None Anoplopoma fimbria Regular 1998.09.14 32.757057 -119.593525
SINKEX Fish Trap 3 2SX0066Re-Analysis None Anoplopoma fimbria Regular 1998.09.14 32.757057 -119.593525
SINKEX Fish Trap 3 2SX0066Re-Analysis2 None Anoplopoma fimbria Regular 1998.09.14 32.757057 -119.593525
SINKEX Fish Trap 3 2SX0066Re-Analysis2 None Anoplopoma fimbria Regular 1998.09.14 32.757057 -119.593525
SINKEX Fish Trap 3 2SX0067 None Anoplopoma fimbria Regular 1998.09.14 32.757057 -119.593525
SINKEX Fish Trap 3 2SX0067 None Anoplopoma fimbria Regular 1998.09.14 32.757057 -119.593525
SINKEX Fish Trap 3 2SX0067.600 None Anoplopoma fimbria Regular 1998.09.14 32.757057 -119.593525
SINKEX Fish Trap 3 2SX0067.600 None Anoplopoma fimbria Regular 1998.09.14 32.757057 -119.593525
SINKEX Fish Trap 4 2SX0068 None Lithodes couesi Regular 1998.09.14 32.756797 -119.593488
SINKEX Fish Trap 4 2SX0068 None Lithodes couesi Regular 1998.09.14 32.756797 -119.593488
SINKEX Fish Trap 4 2SX0068.600 None Lithodes couesi Regular 1998.09.14 32.756797 -119.593488
SINKEX Fish Trap 4 2SX0068.600 None Lithodes couesi Regular 1998.09.14 32.756797 -119.593488
SINKEX Fish Trap 4 2SX0068RE None Lithodes couesi Re-Analysis 1998.09.14 32.756797 -119.593488
SINKEX Fish Trap 4 2SX0069 None Lithodes couesi Regular 1998.09.14 32.756797 -119.593488
SINKEX Fish Trap 4 2SX0069 None Lithodes couesi Regular 1998.09.14 32.756797 -119.593488
SINKEX Fish Trap 4 2SX0069.600 None Lithodes couesi Regular 1998.09.14 32.756797 -119.593488
SINKEX Fish Trap 4 2SX0069.600 None Lithodes couesi Regular 1998.09.14 32.756797 -119.593488
SINKEX Fish Trap 5 2SX0070 None Anoplopoma fimbria Regular 1998.09.14 32.80828333 -119.6264 
SINKEX Fish Trap 5 2SX0070 None Anoplopoma fimbria Regular 1998.09.14 32.80828333 -119.6264 
SINKEX Fish Trap 5 2SX0070.600 None Anoplopoma fimbria Regular 1998.09.14 32.80828333 -119.6264 
SINKEX Fish Trap 5 2SX0070.600 None Anoplopoma fimbria Regular 1998.09.14 32.80828333 -119.6264 
SINKEX Fish Trap 5 2SX0070Re-Analysis None Anoplopoma fimbria Regular 1998.09.14 32.80828333 -119.6264 
SINKEX Fish Trap 5 2SX0070Re-Analysis None Anoplopoma fimbria Regular 1998.09.14 32.80828333 -119.6264 
SINKEX Fish Trap 5 2SX0070Re-Analysis2 None Anoplopoma fimbria Regular 1998.09.14 32.80828333 -119.6264 
SINKEX Fish Trap 5 2SX0070Re-Analysis2 None Anoplopoma fimbria Regular 1998.09.14 32.80828333 -119.6264 
SINKEX Fish Trap 5 2SX0071 None Anoplopoma fimbria Regular 1998.09.14 32.80828333 -119.6264 
SINKEX Fish Trap 5 2SX0071 None Anoplopoma fimbria Regular 1998.09.14 32.80828333 -119.6264 
SINKEX Fish Trap 5 2SX0071.600 None Anoplopoma fimbria Regular 1998.09.14 32.80828333 -119.6264 
SINKEX Fish Trap 5 2SX0071.600 None Anoplopoma fimbria Regular 1998.09.14 32.80828333 -119.6264 
SINKEX STE I 2SX0105 1 Sediment Regular 1998.09.14 32.757793 -119.589982
SINKEX STE I 2SX0105 2 Sediment Regular 1998.09.14 32.757793 -119.589982
SINKEX STE I 2SX0105 3 Sediment Regular 1998.09.14 32.757793 -119.589982
SINKEX STE I 2SX0105 4 Sediment Regular 1998.09.14 32.757793 -119.589982
SINKEX STE I 2SX0105 1 Sediment Regular 1998.09.14 32.757793 -119.589982
SINKEX STE I 2SX0105 2 Sediment Regular 1998.09.14 32.757793 -119.589982
SINKEX STE I 2SX0105 3 Sediment Regular 1998.09.14 32.757793 -119.589982
SINKEX STE I 2SX0105 4 Sediment Regular 1998.09.14 32.757793 -119.589982
SINKEX STW I 2SX0107 1 Sediment Regular 1998.09.14 32.75709 -119.595008
SINKEX STW I 2SX0107 2 Sediment Regular 1998.09.14 32.75709 -119.595008
SINKEX STW I 2SX0107 3 Sediment Regular 1998.09.14 32.75709 -119.595008
SINKEX STW I 2SX0107 4 Sediment Regular 1998.09.14 32.75709 -119.595008
SINKEX STW I 2SX0107 1 Sediment Regular 1998.09.14 32.75709 -119.595008
SINKEX STW I 2SX0107 2 Sediment Regular 1998.09.14 32.75709 -119.595008
SINKEX STW I 2SX0107 3 Sediment Regular 1998.09.14 32.75709 -119.595008
SINKEX STW I 2SX0107 4 Sediment Regular 1998.09.14 32.75709 -119.595008
SINKEX 1-4 2SX0003.b 1 Sediment Regular 1998.09.15 32.756839 -119.592758
SINKEX 1-4 2SX0003.b 1 Sediment Regular 1998.09.15 32.756839 -119.592758
SINKEX 4-6 2SX0041.b 1 Sediment Regular 1998.09.15 32.750609 -119.600484
SINKEX 4-6 2SX0041.b 1 Sediment Regular 1998.09.15 32.750609 -119.600484
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SINKEX 1-4 2SX0072 1 Sediment Regular 1998.09.15 32.756839 -119.592758
SINKEX 1-4 2SX0072 1 Sediment Regular 1998.09.15 32.756839 -119.592758
SINKEX 1-4 2SX0073 1 Sediment Regular 1998.09.15 32.756839 -119.592758
SINKEX 1-4 2SX0073 1 Sediment Regular 1998.09.15 32.756839 -119.592758
SINKEX 1-4NB 2SX0074 None Anoplopoma fimbria Regular 1998.09.15 32.756848 -119.592755
SINKEX 1-4NB 2SX0074 None Anoplopoma fimbria Regular 1998.09.15 32.756848 -119.592755
SINKEX 1-4NB 2SX0074.600 None Anoplopoma fimbria Regular 1998.09.15 32.756848 -119.592755
SINKEX 1-4NB 2SX0074.600 None Anoplopoma fimbria Regular 1998.09.15 32.756848 -119.592755
SINKEX 1-5NB 2SX0075 None Lithodes couesi Regular 1998.09.15 32.756841 -119.593048
SINKEX 1-5NB 2SX0075 None Lithodes couesi Regular 1998.09.15 32.756841 -119.593048
SINKEX 1-5NB 2SX0075.600 None Lithodes couesi Regular 1998.09.15 32.756841 -119.593048
SINKEX 1-5NB 2SX0075.600 None Lithodes couesi Regular 1998.09.15 32.756841 -119.593048
SINKEX 1-5NB 2SX0075RE None Lithodes couesi Re-Analysis 1998.09.15 32.756841 -119.593048
SINKEX PB 2SX0076 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0076 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0076.600 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0076.600 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0077 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0077 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0077.600 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0077.600 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0077Re-Analysis None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0077Re-Analysis None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0077Re-Analysis2 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0077Re-Analysis2 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0078 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0078 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0078.600 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0078.600 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0079 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0079 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0079.600 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0079.600 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0080 1 Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0080 1 Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0080.600 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0080.600 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0081 1 Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0081 1 Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0081.600 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX PB 2SX0081.600 None Anoplopoma fimbria Regular 1998.09.15 32.75701 -119.592944
SINKEX 1-1 2SX0002.b 1 Sediment Regular 1998.09.16 32.756996 -119.593274
SINKEX 1-1 2SX0002.b 1 Sediment Regular 1998.09.16 32.756996 -119.593274
SINKEX 1-8 2SX0016.b 1 Sediment Regular 1998.09.16 32.757009 -119.593544
SINKEX 1-8 2SX0016.b 1 Sediment Regular 1998.09.16 32.757009 -119.593544
SINKEX 1-5 2SX0023.b 1 Sediment Regular 1998.09.16 32.756833 -119.593051
SINKEX 1-5 2SX0023.b 1 Sediment Regular 1998.09.16 32.756833 -119.593051
SINKEX 1-2 2SX0024.b 1 Sediment Regular 1998.09.16 32.756988 -119.593058
SINKEX 1-2 2SX0024.b 1 Sediment Regular 1998.09.16 32.756988 -119.593058
SINKEX 1-8 2SX0082 1 Sediment Regular 1998.09.16 32.757009 -119.593544
SINKEX 1-8 2SX0082 1 Sediment Regular 1998.09.16 32.757009 -119.593544
SINKEX 1-8 2SX0083 1 Sediment Regular 1998.09.16 32.757009 -119.593544
SINKEX 1-8 2SX0083 1 Sediment Regular 1998.09.16 32.757009 -119.593544
SINKEX 1-2 2SX0084 1 Sediment Regular 1998.09.16 32.756988 -119.593058
SINKEX 1-2 2SX0084 1 Sediment Regular 1998.09.16 32.756988 -119.593058
SINKEX 1-2 2SX0085 1 Sediment Regular 1998.09.16 32.756988 -119.593058
SINKEX 1-2 2SX0085 1 Sediment Regular 1998.09.16 32.756988 -119.593058
SINKEX 1-3 2SX0086 1 Sediment Regular 1998.09.16 32.756951 -119.59276 
SINKEX 1-3 2SX0086 1 Sediment Regular 1998.09.16 32.756951 -119.59276 
FIT 2SX0087 1 Sediment Regular 1998.09.16   
FIT 2SX0087 1 Sediment Regular 1998.09.16   
FIT 2SX0088 1 Sediment Regular 1998.09.16   
FIT 2SX0088 1 Sediment Regular 1998.09.16   
SINKEX 4-6 2SX0089 1 Sediment Regular 1998.09.16 32.750609 -119.600484
SINKEX 4-6 2SX0089 1 Sediment Regular 1998.09.16 32.750609 -119.600484
SINKEX 1-7 2SX0008.b 1 Sediment Regular 1998.09.17 32.756813 -119.593564
SINKEX 1-7 2SX0008.b 1 Sediment Regular 1998.09.17 32.756813 -119.593564
SINKEX 1-6 2SX0090 1 Sediment Regular 1998.09.17 32.756827 -119.593272
SINKEX 1-6 2SX0090 1 Sediment Regular 1998.09.17 32.756827 -119.593272
SINKEX 1-6 2SX0091 1 Sediment Regular 1998.09.17 32.756827 -119.593272
SINKEX 1-6 2SX0091 1 Sediment Regular 1998.09.17 32.756827 -119.593272











Appendix N: Sample Collection Date And Location Data 



 



SITE LABEL SAMPLE LABEL 
DUPLICATE 
LABEL SAMPLE MEDIUM TYPE NAME 



SAMPLE 
DATE LATITUDE LONGITUDE



SINKEX 1-7 2SX0092 1 Sediment Regular 1998.09.17 32.756813 -119.593564
SINKEX 1-7 2SX0092 1 Sediment Regular 1998.09.17 32.756813 -119.593564
SINKEX 1-7 2SX0093 1 Sediment Regular 1998.09.17 32.756813 -119.593564
SINKEX 1-7 2SX0093 1 Sediment Regular 1998.09.17 32.756813 -119.593564
SINKEX 1-7 2SX0094 1 Sediment Regular 1998.09.17 32.756813 -119.593564
SINKEX 1-7 2SX0094 1 Sediment Regular 1998.09.17 32.756813 -119.593564
SINKEX 1-7 2SX0095 1 Sediment Regular 1998.09.17 32.756813 -119.593564
SINKEX 1-7 2SX0095 1 Sediment Regular 1998.09.17 32.756813 -119.593564
SINKEX 1-1 2SX0096 1 Sediment Regular 1998.09.17 32.756996 -119.593274
SINKEX 1-1 2SX0096 1 Sediment Regular 1998.09.17 32.756996 -119.593274
SINKEX 1-1 2SX0097 1 Sediment Regular 1998.09.17 32.756996 -119.593274
SINKEX 1-1 2SX0097 1 Sediment Regular 1998.09.17 32.756996 -119.593274
SINKEX 1-4 2SX0098 1 Sediment Regular 1998.09.17 32.756839 -119.592758
SINKEX 1-4 2SX0098 1 Sediment Regular 1998.09.17 32.756839 -119.592758
SINKEX 1-4 2SX0099 1 Sediment Regular 1998.09.17 32.756839 -119.592758
SINKEX 1-4 2SX0099 1 Sediment Regular 1998.09.17 32.756839 -119.592758
SINKEX 1-5 2SX0100 1 Sediment Regular 1998.09.17 32.756833 -119.593051
SINKEX 1-5 2SX0100 1 Sediment Regular 1998.09.17 32.756833 -119.593051
SINKEX 1-5 2SX0101 1 Sediment Regular 1998.09.17 32.756833 -119.593051
SINKEX 1-5 2SX0101 1 Sediment Regular 1998.09.17 32.756833 -119.593051
MECASI 2SX0002Rhepox 1 Sediment Composite 1998.10.23   
MECASI 2SX0002Rhepox 2 Sediment Composite 1998.10.23   
MECASI 2SX0002Rhepox 3 Sediment Composite 1998.10.23   
MECASI 2SX0002Rhepox 4 Sediment Composite 1998.10.23   
MECASI 2SX0002Rhepox 5 Sediment Composite 1998.10.23   
MECASI 2SX0003Rhepox 1 Sediment Composite 1998.10.23   
MECASI 2SX0003Rhepox 2 Sediment Composite 1998.10.23   
MECASI 2SX0003Rhepox 3 Sediment Composite 1998.10.23   
MECASI 2SX0003Rhepox 4 Sediment Composite 1998.10.23   
MECASI 2SX0003Rhepox 5 Sediment Composite 1998.10.23   
MECASI 2SX0008Rhepox 1 Sediment Composite 1998.10.23   
MECASI 2SX0008Rhepox 2 Sediment Composite 1998.10.23   
MECASI 2SX0008Rhepox 3 Sediment Composite 1998.10.23   
MECASI 2SX0008Rhepox 4 Sediment Composite 1998.10.23   
MECASI 2SX0008Rhepox 5 Sediment Composite 1998.10.23   
MECASI 2SX0015Rhepox 1 Sediment Composite 1998.10.23   
MECASI 2SX0015Rhepox 2 Sediment Composite 1998.10.23   
MECASI 2SX0015Rhepox 3 Sediment Composite 1998.10.23   
MECASI 2SX0015Rhepox 4 Sediment Composite 1998.10.23   
MECASI 2SX0015Rhepox 5 Sediment Composite 1998.10.23   
MECASI 2SX0016Rhepox 1 Sediment Composite 1998.10.23   
MECASI 2SX0016Rhepox 2 Sediment Composite 1998.10.23   
MECASI 2SX0016Rhepox 3 Sediment Composite 1998.10.23   
MECASI 2SX0016Rhepox 4 Sediment Composite 1998.10.23   
MECASI 2SX0016Rhepox 5 Sediment Composite 1998.10.23   
MECASI 2SX0023Rhepox 1 Sediment Composite 1998.10.23   
MECASI 2SX0023Rhepox 2 Sediment Composite 1998.10.23   
MECASI 2SX0023Rhepox 3 Sediment Composite 1998.10.23   
MECASI 2SX0023Rhepox 4 Sediment Composite 1998.10.23   
MECASI 2SX0023Rhepox 5 Sediment Composite 1998.10.23   
MECASI 2SX0024Rhepox 1 Sediment Composite 1998.10.23   
MECASI 2SX0024Rhepox 2 Sediment Composite 1998.10.23   
MECASI 2SX0024Rhepox 3 Sediment Composite 1998.10.23   
MECASI 2SX0024Rhepox 4 Sediment Composite 1998.10.23   
MECASI 2SX0024Rhepox 5 Sediment Composite 1998.10.23   
MECASI 2SX0031Rhepox 1 Sediment Composite 1998.10.23   
MECASI 2SX0031Rhepox 2 Sediment Composite 1998.10.23   
MECASI 2SX0031Rhepox 3 Sediment Composite 1998.10.23   
MECASI 2SX0031Rhepox 4 Sediment Composite 1998.10.23   
MECASI 2SX0031Rhepox 5 Sediment Composite 1998.10.23   
MECASI 2SX0041Rhepox 1 Sediment Composite 1998.10.23   
MECASI 2SX0041Rhepox 2 Sediment Composite 1998.10.23   
MECASI 2SX0041Rhepox 3 Sediment Composite 1998.10.23   
MECASI 2SX0041Rhepox 4 Sediment Composite 1998.10.23   
MECASI 2SX0041Rhepox 5 Sediment Composite 1998.10.23   
MECASI 2SX0002Nean 1 Sediment Composite 1998.10.27   
MECASI 2SX0002Nean 10 Sediment Composite 1998.10.27   
MECASI 2SX0002Nean 2 Sediment Composite 1998.10.27   
MECASI 2SX0002Nean 3 Sediment Composite 1998.10.27   
MECASI 2SX0002Nean 4 Sediment Composite 1998.10.27   
MECASI 2SX0002Nean 5 Sediment Composite 1998.10.27   
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MECASI 2SX0002Nean 6 Sediment Composite 1998.10.27   
MECASI 2SX0002Nean 7 Sediment Composite 1998.10.27   
MECASI 2SX0002Nean 8 Sediment Composite 1998.10.27   
MECASI 2SX0002Nean 9 Sediment Composite 1998.10.27   
MECASI 2SX0003Nean 1 Sediment Composite 1998.10.27   
MECASI 2SX0003Nean 10 Sediment Composite 1998.10.27   
MECASI 2SX0003Nean 2 Sediment Composite 1998.10.27   
MECASI 2SX0003Nean 3 Sediment Composite 1998.10.27   
MECASI 2SX0003Nean 4 Sediment Composite 1998.10.27   
MECASI 2SX0003Nean 5 Sediment Composite 1998.10.27   
MECASI 2SX0003Nean 6 Sediment Composite 1998.10.27   
MECASI 2SX0003Nean 7 Sediment Composite 1998.10.27   
MECASI 2SX0003Nean 8 Sediment Composite 1998.10.27   
MECASI 2SX0003Nean 9 Sediment Composite 1998.10.27   
MECASI 2SX0008Nean 1 Sediment Composite 1998.10.27   
MECASI 2SX0008Nean 10 Sediment Composite 1998.10.27   
MECASI 2SX0008Nean 2 Sediment Composite 1998.10.27   
MECASI 2SX0008Nean 3 Sediment Composite 1998.10.27   
MECASI 2SX0008Nean 4 Sediment Composite 1998.10.27   
MECASI 2SX0008Nean 5 Sediment Composite 1998.10.27   
MECASI 2SX0008Nean 6 Sediment Composite 1998.10.27   
MECASI 2SX0008Nean 7 Sediment Composite 1998.10.27   
MECASI 2SX0008Nean 8 Sediment Composite 1998.10.27   
MECASI 2SX0008Nean 9 Sediment Composite 1998.10.27   
MECASI 2SX0015Nean 1 Sediment Composite 1998.10.27   
MECASI 2SX0015Nean 10 Sediment Composite 1998.10.27   
MECASI 2SX0015Nean 2 Sediment Composite 1998.10.27   
MECASI 2SX0015Nean 3 Sediment Composite 1998.10.27   
MECASI 2SX0015Nean 4 Sediment Composite 1998.10.27   
MECASI 2SX0015Nean 5 Sediment Composite 1998.10.27   
MECASI 2SX0015Nean 6 Sediment Composite 1998.10.27   
MECASI 2SX0015Nean 7 Sediment Composite 1998.10.27   
MECASI 2SX0015Nean 8 Sediment Composite 1998.10.27   
MECASI 2SX0015Nean 9 Sediment Composite 1998.10.27   
MECASI 2SX0016Nean 1 Sediment Composite 1998.10.27   
MECASI 2SX0016Nean 10 Sediment Composite 1998.10.27   
MECASI 2SX0016Nean 2 Sediment Composite 1998.10.27   
MECASI 2SX0016Nean 3 Sediment Composite 1998.10.27   
MECASI 2SX0016Nean 4 Sediment Composite 1998.10.27   
MECASI 2SX0016Nean 5 Sediment Composite 1998.10.27   
MECASI 2SX0016Nean 6 Sediment Composite 1998.10.27   
MECASI 2SX0016Nean 7 Sediment Composite 1998.10.27   
MECASI 2SX0016Nean 8 Sediment Composite 1998.10.27   
MECASI 2SX0016Nean 9 Sediment Composite 1998.10.27   
MECASI 2SX0023Nean 1 Sediment Composite 1998.10.27   
MECASI 2SX0023Nean 10 Sediment Composite 1998.10.27   
MECASI 2SX0023Nean 2 Sediment Composite 1998.10.27   
MECASI 2SX0023Nean 3 Sediment Composite 1998.10.27   
MECASI 2SX0023Nean 4 Sediment Composite 1998.10.27   
MECASI 2SX0023Nean 5 Sediment Composite 1998.10.27   
MECASI 2SX0023Nean 6 Sediment Composite 1998.10.27   
MECASI 2SX0023Nean 7 Sediment Composite 1998.10.27   
MECASI 2SX0023Nean 8 Sediment Composite 1998.10.27   
MECASI 2SX0023Nean 9 Sediment Composite 1998.10.27   
MECASI 2SX0024Nean 1 Sediment Composite 1998.10.27   
MECASI 2SX0024Nean 10 Sediment Composite 1998.10.27   
MECASI 2SX0024Nean 2 Sediment Composite 1998.10.27   
MECASI 2SX0024Nean 3 Sediment Composite 1998.10.27   
MECASI 2SX0024Nean 4 Sediment Composite 1998.10.27   
MECASI 2SX0024Nean 5 Sediment Composite 1998.10.27   
MECASI 2SX0024Nean 6 Sediment Composite 1998.10.27   
MECASI 2SX0024Nean 7 Sediment Composite 1998.10.27   
MECASI 2SX0024Nean 8 Sediment Composite 1998.10.27   
MECASI 2SX0024Nean 9 Sediment Composite 1998.10.27   
MECASI 2SX0031Nean 1 Sediment Composite 1998.10.27   
MECASI 2SX0031Nean 10 Sediment Composite 1998.10.27   
MECASI 2SX0031Nean 2 Sediment Composite 1998.10.27   
MECASI 2SX0031Nean 3 Sediment Composite 1998.10.27   
MECASI 2SX0031Nean 4 Sediment Composite 1998.10.27   
MECASI 2SX0031Nean 5 Sediment Composite 1998.10.27   
MECASI 2SX0031Nean 6 Sediment Composite 1998.10.27   
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MECASI 2SX0031Nean 7 Sediment Composite 1998.10.27   
MECASI 2SX0031Nean 8 Sediment Composite 1998.10.27   
MECASI 2SX0031Nean 9 Sediment Composite 1998.10.27   
MECASI 2SX0041Nean 9 Sediment Composite 1998.10.27   
MECASI 2SX0041Nean 1 Sediment Composite 1998.10.27   
MECASI 2SX0041Nean 10 Sediment Composite 1998.10.27   
MECASI 2SX0041Nean 2 Sediment Composite 1998.10.27   
MECASI 2SX0041Nean 3 Sediment Composite 1998.10.27   
MECASI 2SX0041Nean 4 Sediment Composite 1998.10.27   
MECASI 2SX0041Nean 5 Sediment Composite 1998.10.27   
MECASI 2SX0041Nean 6 Sediment Composite 1998.10.27   
MECASI 2SX0041Nean 7 Sediment Composite 1998.10.27   
MECASI 2SX0041Nean 8 Sediment Composite 1998.10.27   
SINKEX 1-8 2SX0046D0-1 None Sediment Regular 1998.10.31 32.757009 -119.593544
SINKEX 1-8 2SX0046D1-2 None Sediment Regular 1998.10.31 32.757009 -119.593544
SINKEX 1-8 2SX0046D2-3 None Sediment Regular 1998.10.31 32.757009 -119.593544
SINKEX 1-8 2SX0046D3-4 None Sediment Regular 1998.10.31 32.757009 -119.593544
SINKEX 1-8 2SX0046D4-5 None Sediment Regular 1998.10.31 32.757009 -119.593544
SINKEX 1-8 2SX0046D5-6 None Sediment Regular 1998.10.31 32.757009 -119.593544
SINKEX 1-8 2SX0046D6-7 None Sediment Regular 1998.10.31 32.757009 -119.593544
SINKEX 1-8 2SX0046D7-8 None Sediment Regular 1998.10.31 32.757009 -119.593544
SINKEX 1-8 2SX0046D8-9 None Sediment Regular 1998.10.31 32.757009 -119.593544
SINKEX 1-8 2SX0046D9-10 None Sediment Regular 1998.10.31 32.757009 -119.593544
SINKEX 1-2 2SX0058D0-1 None Sediment Regular 1998.10.31 32.756988 -119.593058
SINKEX 1-2 2SX0058D1-2 None Sediment Regular 1998.10.31 32.756988 -119.593058
SINKEX 1-2 2SX0058D2-3 None Sediment Regular 1998.10.31 32.756988 -119.593058
SINKEX 1-2 2SX0058D3-4 None Sediment Regular 1998.10.31 32.756988 -119.593058
SINKEX 1-2 2SX0058D4-5 None Sediment Regular 1998.10.31 32.756988 -119.593058
SINKEX 1-2 2SX0058D5-6 None Sediment Regular 1998.10.31 32.756988 -119.593058
SINKEX 1-2 2SX0058D6-7 None Sediment Regular 1998.10.31 32.756988 -119.593058
SINKEX 1-2 2SX0058D7-8 None Sediment Regular 1998.10.31 32.756988 -119.593058
SINKEX 1-2 2SX0058D8-9 None Sediment Regular 1998.10.31 32.756988 -119.593058
SINKEX 1-2 2SX0058D9-10 None Sediment Regular 1998.10.31 32.756988 -119.593058
MECASI 2SX00015-Nephtys 1 Sediment Composite 1998.11.06   
MECASI 2SX0002Mac 1 Sediment Composite 1998.11.06   
MECASI 2SX0002-Nephtys 1 Sediment Composite 1998.11.06   
MECASI 2SX0003Mac 1 Sediment Composite 1998.11.06   
MECASI 2SX0003-Nephtys 1 Sediment Composite 1998.11.06   
MECASI 2SX0008Mac 1 Sediment Composite 1998.11.06   
MECASI 2SX0008-Nephtys 1 Sediment Composite 1998.11.06   
MECASI 2SX0015Mac 1 Sediment Composite 1998.11.06   
MECASI 2SX0016Mac 1 Sediment Composite 1998.11.06   
MECASI 2SX0016-Nephtys 1 Sediment Composite 1998.11.06   
MECASI 2SX0023Mac 1 Sediment Composite 1998.11.06   
MECASI 2SX0023-Nephtys 1 Sediment Composite 1998.11.06   
MECASI 2SX0024Mac 1 Sediment Composite 1998.11.06   
MECASI 2SX0024-Nephtys 1 Sediment Composite 1998.11.06   
MECASI 2SX0031Mac 1 Sediment Composite 1998.11.06   
MECASI 2SX0031-Nephtys 1 Sediment Composite 1998.11.06   
MECASI 2SX0041Mac 1 Sediment Composite 1998.11.06   
MECASI 2SX0041-Nephtys 1 Sediment Composite 1998.11.06   
MECASI 2SX0002-Macoma None Macoma nasuta Regular 1998.11.07   
MECASI 2SX0002-Macoma-Re-Analysis None Macoma nasuta Regular 1998.11.07   
MECASI 2SX0002-Nephtys None Nephtys caecoides Regular 1998.11.07   
MECASI 2SX0003-Macoma None Macoma nasuta Regular 1998.11.07   
MECASI 2SX0003-Nephtys None Nephtys caecoides Regular 1998.11.07   
MECASI 2SX0008-Macoma None Macoma nasuta Regular 1998.11.07   
MECASI 2SX0008-Nephtys None Nephtys caecoides Regular 1998.11.07   
MECASI 2SX0015-Macoma None Macoma nasuta Regular 1998.11.07   
MECASI 2SX0015-Nephtys None Nephtys caecoides Regular 1998.11.07   
MECASI 2SX0016-Macoma None Macoma nasuta Regular 1998.11.07   
MECASI 2SX0016-Macoma-Re-Analysis None Macoma nasuta Regular 1998.11.07   
SINKEX 1-8 2SX0016-Macoma-Re-Analysis2 None Macoma nasuta Regular 1998.11.07 32.757009 -119.593544
MECASI 2SX0016-Nephtys None Nephtys caecoides Regular 1998.11.07   
MECASI 2SX0023-Macoma None Macoma nasuta Regular 1998.11.07   
MECASI 2SX0023-Nephtys None Nephtys caecoides Regular 1998.11.07   
MECASI 2SX0024-Macoma None Macoma nasuta Regular 1998.11.07   
MECASI 2SX0024-Nephtys None Nephtys caecoides Regular 1998.11.07   
MECASI 2SX0031-Macoma None Macoma nasuta Regular 1998.11.07   
MECASI 2SX0031-Nephtys None Nephtys caecoides Regular 1998.11.07   
MECASI 2SX0041-Macoma None Macoma nasuta Regular 1998.11.07   
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MECASI 2SX0041-Nephtys None Nephtys caecoides Regular 1998.11.07   
SINKEX 4-5 4SX001.01 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.01 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.02 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.02 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.03 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.03 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.04 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.04 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.05 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.05 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.06 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.06 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.10-1 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.10-1 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.10-2 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.10-2 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.10-3 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.10-3 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.10-4 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.10-4 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.10-5 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.10-5 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.20 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.20 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.21 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.21 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.22 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.22 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.23 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.23 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.24 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.24 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.25 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.25 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.26 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.26 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.27 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.27 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.28 None Sediment Split 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.28 None Sediment Split 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.28DUP None Sediment Split 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.28DUP None Sediment Split 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.29 None Sediment Split 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.29 None Sediment Split 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.29DUP None Sediment Split 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.29DUP None Sediment Split 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.30 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.30 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.31 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.31 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.40 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.40 None Sediment Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.70 None Water Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.70 None Water Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.71 None Water Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.71 None Water Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.72 None Water Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.72 None Water Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.73 None Water Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.73 None Water Regular 1999.09.21 32.747821 -119.593007
SINKEX 4-5 4SX001.10 None Sediment Composite 1999.09.22 32.747821 -119.593007
SINKEX 4-5 4SX001.10 None Sediment Composite 1999.09.22 32.747821 -119.593007
SINKEX 4-7 4SX_MEC_4-7_Infauna 1 Sediment Regular 1999.09.23 32.757183 -119.603678
SINKEX 4-7 4SX_MEC_4-7_Infauna 1 Sediment Regular 1999.09.23 32.757183 -119.603678
SINKEX Fish Trap 10 4SX_MEC_MiscInvert1_Infauna 1 Organism Regular 1999.09.23 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX_MEC_MiscInvert1_Infauna 1 Organism Regular 1999.09.23 32.756816 -119.51395 
SINKEX Fish Trap 8 4SX024.602 None Anoplopoma fimbria Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.602 None Anoplopoma fimbria Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.603 None Anoplopoma fimbria Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.603 None Anoplopoma fimbria Regular 1999.09.23 32.71183 -119.646 
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SINKEX Fish Trap 8 4SX024.604 None Paralomis multispina Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.604 None Paralomis multispina Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.605 None Paralomis multispina Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.605 None Paralomis multispina Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.61 None Anoplopoma fimbria Split 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.61 None Anoplopoma fimbria Split 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.61DUP None Anoplopoma fimbria Split 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.61DUP None Anoplopoma fimbria Split 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.62 None Anoplopoma fimbria Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.62 None Anoplopoma fimbria Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.63 None Paralomis multispina Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.63 None Paralomis multispina Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.64 None Paralomis multispina Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.64 None Paralomis multispina Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.65 None Paralomis multispina Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.65 None Paralomis multispina Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.66 None Paralomis multispina Regular 1999.09.23 32.71183 -119.646 
SINKEX Fish Trap 8 4SX024.66 None Paralomis multispina Regular 1999.09.23 32.71183 -119.646 
SINKEX 4-5 4SX_MEC_4-5_Infauna 1 Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX_MEC_4-5_Infauna 1 Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.07 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.07 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.08 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.08 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.10-10 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.10-10 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.10-6 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.10-6 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.10-7 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.10-7 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.10-8 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.10-8 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.10-9 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-5 4SX001.10-9 None Sediment Regular 1999.09.24 32.747821 -119.593007
SINKEX 4-3 4SX002.01 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.01 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.02 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.02 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.03 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.03 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.04 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.04 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.10 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.10 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.20 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.20 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.21 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.21 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.22 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.22 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.23 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.23 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.24 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.24 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.25 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.25 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.26 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.26 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.27 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.27 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.28 None Sediment Split 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.28 None Sediment Split 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.28DUP None Sediment Split 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.28DUP None Sediment Split 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.29 None Sediment Split 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.29 None Sediment Split 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.29DUP None Sediment Split 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.29DUP None Sediment Split 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.30 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.30 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.31 None Sediment Regular 1999.09.24 32.757043 -119.582293
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SINKEX 4-3 4SX002.31 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.40 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.40 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.41 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.41 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.42 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.42 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.43 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.43 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.44 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.44 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.45 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.45 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.46 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.46 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.47 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.47 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.48 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.48 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.49 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.49 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.50 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.50 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.51 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.51 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.52 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.52 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.53 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-3 4SX002.53 None Sediment Regular 1999.09.24 32.757043 -119.582293
SINKEX 4-2 4SX003.10-1 None Sediment Regular 1999.09.24 32.762117 -119.585617
SINKEX 4-2 4SX003.10-1 None Sediment Regular 1999.09.24 32.762117 -119.585617
SINKEX 4-2 4SX003.10-2 None Sediment Regular 1999.09.24 32.762117 -119.585617
SINKEX 4-2 4SX003.10-2 None Sediment Regular 1999.09.24 32.762117 -119.585617
SINKEX 4-2 4SX_MEC_4-2_Infauna 1 Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX_MEC_4-2_Infauna 1 Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.01 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.01 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.02 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.02 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.03 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.03 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.04 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.04 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.05 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.05 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.06 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.06 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.07 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.07 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.08 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.08 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10 None Sediment Composite 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10 None Sediment Composite 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-3 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-3 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-4 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-4 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-5 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-5 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-6 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-6 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-7 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-7 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-8 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-8 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-9 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.10-9 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.20 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.20 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.40 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.40 None Sediment Regular 1999.09.25 32.762117 -119.585617
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SITE LABEL SAMPLE LABEL 
DUPLICATE 
LABEL SAMPLE MEDIUM TYPE NAME 



SAMPLE 
DATE LATITUDE LONGITUDE



SINKEX 4-2 4SX003.41 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.41 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.42 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.42 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.43 None Sediment Split 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.43 None Sediment Split 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.43DUP None Sediment Split 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.43DUP None Sediment Split 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.44 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.44 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.45 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.45 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.46 None Sediment Split 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.46 None Sediment Split 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.46DUP None Sediment Split 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.46DUP None Sediment Split 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.47 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.47 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.48 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.48 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.49 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.49 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.50 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.50 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.51 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.51 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.52 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.52 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.53 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.53 None Sediment Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.70 None Water Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.70 None Water Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.71 None Water Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.71 None Water Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.72 None Water Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.72 None Water Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.73 None Water Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-2 4SX003.73 None Water Regular 1999.09.25 32.762117 -119.585617
SINKEX 4-3.1 4SX_MEC_4.3.1_Infauna 1 Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX_MEC_4.3.1_Infauna 1 Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-4 4SX_MEC_4-4_Infauna 1 Sediment Regular 1999.09.26 32.750433 -119.585417
SINKEX 4-4 4SX_MEC_4-4_Infauna 1 Sediment Regular 1999.09.26 32.750433 -119.585417
SINKEX 4-3.1 4SX004.01 None Sediment Split 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.01 None Sediment Split 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.02 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.02 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.03 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.03 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.04 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.04 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.05 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.05 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.06 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.06 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10 None Sediment Composite 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10 None Sediment Composite 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-1 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-1 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-2 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-2 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-3 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-3 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-4 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-4 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-5 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-5 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-6 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-6 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.20 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.20 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.21 None Sediment Regular 1999.09.26 32.757495 -119.580312
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SINKEX 4-3.1 4SX004.21 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.22 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.22 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.23 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.23 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.24 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.24 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.25 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.25 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.26 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.26 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.27 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.27 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.28 None Sediment Split 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.28 None Sediment Split 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.28DUP None Sediment Split 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.28DUP None Sediment Split 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.29 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.29 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.30 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.30 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.31 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.31 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.32 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.32 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.40 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.40 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.41 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.41 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.42 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.42 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.43 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.43 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.44 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.44 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.45 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.45 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.46 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.46 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.47 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.47 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.48 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.48 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.49 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.49 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.50 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.50 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.51 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.51 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.52 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.52 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.53 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-3.1 4SX004.53 None Sediment Regular 1999.09.26 32.757495 -119.580312
SINKEX 4-1 4SX_MEC_4-1_Infauna 1 Sediment Regular 1999.09.27 32.765967 -119.592994
SINKEX 4-1 4SX_MEC_4-1_Infauna 1 Sediment Regular 1999.09.27 32.765967 -119.592994
SINKEX Fish Trap 5 4SX_MEC_NWFT_Infauna 1 Organism Regular 1999.09.27 32.80828333 -119.6264 
SINKEX Fish Trap 5 4SX_MEC_NWFT_Infauna 1 Organism Regular 1999.09.27 32.80828333 -119.6264 
SINKEX 4-3.1 4SX004.07 None Sediment Regular 1999.09.27 32.757495 -119.580312
SINKEX 4-3.1 4SX004.07 None Sediment Regular 1999.09.27 32.757495 -119.580312
SINKEX 4-3.1 4SX004.08 None Sediment Regular 1999.09.27 32.757495 -119.580312
SINKEX 4-3.1 4SX004.08 None Sediment Regular 1999.09.27 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-7 None Sediment Regular 1999.09.27 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-7 None Sediment Regular 1999.09.27 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-8 None Sediment Regular 1999.09.27 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-8 None Sediment Regular 1999.09.27 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-9 None Sediment Regular 1999.09.27 32.757495 -119.580312
SINKEX 4-3.1 4SX004.10-9 None Sediment Regular 1999.09.27 32.757495 -119.580312
SINKEX 4-1 4SX005.10-1 None Sediment Regular 1999.09.27 32.765967 -119.592994
SINKEX 4-1 4SX005.10-1 None Sediment Regular 1999.09.27 32.765967 -119.592994
SINKEX 4-1 4SX005.10-2 None Sediment Regular 1999.09.27 32.765967 -119.592994
SINKEX 4-1 4SX005.10-2 None Sediment Regular 1999.09.27 32.765967 -119.592994
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SINKEX 4-1 4SX005.10-3 None Sediment Regular 1999.09.27 32.765967 -119.592994
SINKEX 4-1 4SX005.10-3 None Sediment Regular 1999.09.27 32.765967 -119.592994
SINKEX 4-1 4SX005.10-4 None Sediment Regular 1999.09.27 32.765967 -119.592994
SINKEX 4-1 4SX005.10-4 None Sediment Regular 1999.09.27 32.765967 -119.592994
SINKEX Fish Trap 5 4SX023.601 None Paralomis multispina Regular 1999.09.27 32.80828333 -119.6264 
SINKEX Fish Trap 5 4SX023.601 None Paralomis multispina Regular 1999.09.27 32.80828333 -119.6264 
SINKEX Fish Trap 5 4SX023.62 None Paralomis multispina Regular 1999.09.27 32.80828333 -119.6264 
SINKEX Fish Trap 5 4SX023.62 None Paralomis multispina Regular 1999.09.27 32.80828333 -119.6264 
SINKEX Fish Trap 5 4SX023.63 None Paralomis multispina Regular 1999.09.27 32.80828333 -119.6264 
SINKEX Fish Trap 5 4SX023.63 None Paralomis multispina Regular 1999.09.27 32.80828333 -119.6264 
SINKEX 4-8 4SX_MEC_4-8_Infauna 1 Sediment Regular 1999.09.28 32.76321 -119.600542
SINKEX 4-8 4SX_MEC_4-8_Infauna 1 Sediment Regular 1999.09.28 32.76321 -119.600542
SINKEX Fish Trap 10 4SX_MEC_MiscInvert2_Infauna 1 Organism Regular 1999.09.28 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX_MEC_MiscInvert2_Infauna 1 Organism Regular 1999.09.28 32.756816 -119.51395 
SINKEX 4-1 4SX005.01 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.01 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.02 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.02 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.03 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.03 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.04 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.04 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.05 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.05 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.06 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.06 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.07 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.07 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.08 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.08 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10 None Sediment Composite 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10 None Sediment Composite 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10-10 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10-10 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10-5 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10-5 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10-6 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10-6 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10-7 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10-7 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10-8 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10-8 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10-9 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.10-9 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.20 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.20 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.21 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.21 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.22 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.22 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.23 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.23 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.24 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.24 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.25 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.25 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.26 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.26 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.27 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.27 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.28 None Sediment Split 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.28 None Sediment Split 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.28DUP None Sediment Split 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.28DUP None Sediment Split 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.29 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.29 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.30 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.30 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.31 None Sediment Split 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.31 None Sediment Split 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.31DUP None Sediment Split 1999.09.28 32.765967 -119.592994











Appendix N: Sample Collection Date And Location Data 



 



SITE LABEL SAMPLE LABEL 
DUPLICATE 
LABEL SAMPLE MEDIUM TYPE NAME 



SAMPLE 
DATE LATITUDE LONGITUDE



SINKEX 4-1 4SX005.31DUP None Sediment Split 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.32 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.32 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.40 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-1 4SX005.40 None Sediment Regular 1999.09.28 32.765967 -119.592994
SINKEX 4-8 4SX006.01 None Sediment Regular 1999.09.28 32.76321 -119.600542
SINKEX 4-8 4SX006.01 None Sediment Regular 1999.09.28 32.76321 -119.600542
SINKEX 4-8 4SX006.03 None Sediment Regular 1999.09.28 32.76321 -119.600542
SINKEX 4-8 4SX006.03 None Sediment Regular 1999.09.28 32.76321 -119.600542
SINKEX 4-8 4SX006.04 None Sediment Split 1999.09.28 32.76321 -119.600542
SINKEX 4-8 4SX006.04 None Sediment Split 1999.09.28 32.76321 -119.600542
SINKEX 4-8 4SX006.04DUP None Sediment Split 1999.09.28 32.76321 -119.600542
SINKEX 4-8 4SX006.04DUP None Sediment Split 1999.09.28 32.76321 -119.600542
SINKEX 4-8 4SX006.10 None Sediment Regular 1999.09.28 32.76321 -119.600542
SINKEX 4-8 4SX006.10 None Sediment Regular 1999.09.28 32.76321 -119.600542
SINKEX 4-8 4SX006.88 None Sediment Regular 1999.09.28 32.76321 -119.600542
SINKEX 4-8 4SX006.88 None Sediment Regular 1999.09.28 32.76321 -119.600542
SINKEX Fish Trap 10 4SX_MEC_EFT_Infauna 1 Organism Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX_MEC_EFT_Infauna 1 Organism Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX021.99 None Organism Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX021.99 None Organism Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX021.99-1 None Organism Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX021.99-1 None Organism Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX021.99-2 None Organism Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX021.99-2 None Organism Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX021.99-3 None Organism Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX021.99-3 None Organism Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX022.600 None Anoplopoma fimbria Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX022.600 None Anoplopoma fimbria Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX022.61 None Anoplopoma fimbria Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX022.61 None Anoplopoma fimbria Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX022.64 None Anoplopoma fimbria Regular 1999.09.29 32.756816 -119.51395 
SINKEX Fish Trap 10 4SX022.64 None Anoplopoma fimbria Regular 1999.09.29 32.756816 -119.51395 
MECASI 4SX001.90 None Sediment Composite 1999.10.26   
MECASI 4SX001.91 None Sediment Composite 1999.10.26   
MECASI 4SX003.90 None Sediment Composite 1999.10.26   
MECASI 4SX003.91 None Sediment Split 1999.10.26   
MECASI 4SX004.90 None Sediment Composite 1999.10.26   
MECASI 4SX004.91 None Sediment Composite 1999.10.26   
MECASI 4SX005.90 None Sediment Composite 1999.10.26   
MECASI 4SX005.91 None Sediment Split 1999.10.26   
MECASI 4SX001.10Mac 1 Sediment Composite 1999.10.27   
MECASI 4SX001.10Mac 2 Sediment Regular 1999.10.27   
MECASI 4SX001.10Mac 3 Sediment Regular 1999.10.27   
MECASI 4SX001.10Mac 4 Sediment Regular 1999.10.27   
MECASI 4SX001.10Mac 5 Sediment Regular 1999.10.27   
MECASI 4SX003.10Mac 1 Sediment Composite 1999.10.27   
MECASI 4SX003.10Mac 2 Sediment Regular 1999.10.27   
MECASI 4SX003.10Mac 3 Sediment Regular 1999.10.27   
MECASI 4SX003.10Mac 4 Sediment Regular 1999.10.27   
MECASI 4SX003.10Mac 5 Sediment Regular 1999.10.27   
MECASI 4SX004.10Mac 1 Sediment Composite 1999.10.27   
MECASI 4SX004.10Mac 2 Sediment Regular 1999.10.27   
MECASI 4SX004.10Mac 3 Sediment Regular 1999.10.27   
MECASI 4SX004.10Mac 4 Sediment Regular 1999.10.27   
MECASI 4SX004.10Mac 5 Sediment Regular 1999.10.27   
MECASI 4SX005.10Mac 1 Sediment Composite 1999.10.27   
MECASI 4SX005.10Mac 2 Sediment Regular 1999.10.27   
MECASI 4SX005.10Mac 3 Sediment Regular 1999.10.27   
MECASI 4SX005.10Mac 4 Sediment Regular 1999.10.27   
MECASI 4SX005.10Mac 5 Sediment Regular 1999.10.27   
MECASI 4SX001.10Nean 1 Sediment Composite 1999.10.29   
MECASI 4SX001.10Nean 10 Sediment Composite 1999.10.29   
MECASI 4SX001.10Nean 2 Sediment Composite 1999.10.29   
MECASI 4SX001.10Nean 3 Sediment Composite 1999.10.29   
MECASI 4SX001.10Nean 4 Sediment Composite 1999.10.29   
MECASI 4SX001.10Nean 5 Sediment Composite 1999.10.29   
MECASI 4SX001.10Nean 6 Sediment Composite 1999.10.29   
MECASI 4SX001.10Nean 7 Sediment Composite 1999.10.29   
MECASI 4SX001.10Nean 8 Sediment Composite 1999.10.29   
MECASI 4SX001.10Nean 9 Sediment Composite 1999.10.29   
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SITE LABEL SAMPLE LABEL 
DUPLICATE 
LABEL SAMPLE MEDIUM TYPE NAME 



SAMPLE 
DATE LATITUDE LONGITUDE



MECASI 4SX001.10Rhepox 1 Sediment Composite 1999.10.29   
MECASI 4SX001.10Rhepox 2 Sediment Composite 1999.10.29   
MECASI 4SX001.10Rhepox 3 Sediment Composite 1999.10.29   
MECASI 4SX001.10Rhepox 4 Sediment Composite 1999.10.29   
MECASI 4SX001.10Rhepox 5 Sediment Composite 1999.10.29   
MECASI 4SX003.10Nean 1 Sediment Composite 1999.10.29   
MECASI 4SX003.10Nean 10 Sediment Composite 1999.10.29   
MECASI 4SX003.10Nean 2 Sediment Composite 1999.10.29   
MECASI 4SX003.10Nean 3 Sediment Composite 1999.10.29   
MECASI 4SX003.10Nean 4 Sediment Composite 1999.10.29   
MECASI 4SX003.10Nean 5 Sediment Composite 1999.10.29   
MECASI 4SX003.10Nean 6 Sediment Composite 1999.10.29   
MECASI 4SX003.10Nean 7 Sediment Composite 1999.10.29   
MECASI 4SX003.10Nean 8 Sediment Composite 1999.10.29   
MECASI 4SX003.10Nean 9 Sediment Composite 1999.10.29   
MECASI 4SX003.10Rhepox 1 Sediment Composite 1999.10.29   
MECASI 4SX003.10Rhepox 2 Sediment Composite 1999.10.29   
MECASI 4SX003.10Rhepox 3 Sediment Composite 1999.10.29   
MECASI 4SX003.10Rhepox 4 Sediment Composite 1999.10.29   
MECASI 4SX003.10Rhepox 5 Sediment Composite 1999.10.29   
MECASI 4SX004.10Nean 1 Sediment Composite 1999.10.29   
MECASI 4SX004.10Nean 10 Sediment Composite 1999.10.29   
MECASI 4SX004.10Nean 2 Sediment Composite 1999.10.29   
MECASI 4SX004.10Nean 3 Sediment Composite 1999.10.29   
MECASI 4SX004.10Nean 4 Sediment Composite 1999.10.29   
MECASI 4SX004.10Nean 5 Sediment Composite 1999.10.29   
MECASI 4SX004.10Nean 6 Sediment Composite 1999.10.29   
MECASI 4SX004.10Nean 7 Sediment Composite 1999.10.29   
MECASI 4SX004.10Nean 8 Sediment Composite 1999.10.29   
MECASI 4SX004.10Nean 9 Sediment Composite 1999.10.29   
MECASI 4SX004.10Rhepox 1 Sediment Composite 1999.10.29   
MECASI 4SX004.10Rhepox 2 Sediment Composite 1999.10.29   
MECASI 4SX004.10Rhepox 3 Sediment Composite 1999.10.29   
MECASI 4SX004.10Rhepox 4 Sediment Composite 1999.10.29   
MECASI 4SX004.10Rhepox 5 Sediment Composite 1999.10.29   
MECASI 4SX005.10Nean 1 Sediment Composite 1999.10.29   
MECASI 4SX005.10Nean 10 Sediment Composite 1999.10.29   
MECASI 4SX005.10Nean 2 Sediment Composite 1999.10.29   
MECASI 4SX005.10Nean 3 Sediment Composite 1999.10.29   
MECASI 4SX005.10Nean 4 Sediment Composite 1999.10.29   
MECASI 4SX005.10Nean 5 Sediment Composite 1999.10.29   
MECASI 4SX005.10Nean 6 Sediment Composite 1999.10.29   
MECASI 4SX005.10Nean 7 Sediment Composite 1999.10.29   
MECASI 4SX005.10Nean 8 Sediment Composite 1999.10.29   
MECASI 4SX005.10Nean 9 Sediment Composite 1999.10.29   
MECASI 4SX005.10Rhepox 1 Sediment Composite 1999.10.29   
MECASI 4SX005.10Rhepox 2 Sediment Composite 1999.10.29   
MECASI 4SX005.10Rhepox 3 Sediment Composite 1999.10.29   
MECASI 4SX005.10Rhepox 4 Sediment Composite 1999.10.29   
MECASI 4SX005.10Rhepox 5 Sediment Composite 1999.10.29   
ADCP Second 5SX_ADCP None Seawater Regular 1999.11.15 32.755788 -119.594292
ADCP Second 5SX_ADCP None Seawater Regular 1999.11.15 32.755788 -119.594292
ADCP Second 5SX_MEC_ADCP_Infauna 1 Organism Regular 1999.11.15 32.755788 -119.594292
ADCP Second 5SX_MEC_ADCP_Infauna 1 Organism Regular 1999.11.15 32.755788 -119.594292
S4 5SX_S4 None Seawater Regular 1999.11.15 32.75673 -119.592668
S4 5SX_S4 None Seawater Regular 1999.11.15 32.75673 -119.592668
SINKEX 1-5/6/7 5SX001.01 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.01 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.02 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.02 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.03 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.03 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.04 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.04 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.05 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.05 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.06 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.06 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.07 2 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.07 2 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.08 2 Sediment Regular 1999.11.16 32.756791 -119.5933 
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SINKEX 1-5/6/7 5SX001.08 2 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.10 1 Sediment Composite 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.10 1 Sediment Composite 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.19 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.19 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.40 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.40 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.41 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.41 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.42 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.42 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.43 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.43 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.44 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.44 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.45 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.45 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.46 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.46 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.47 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.47 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.48 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.48 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.49 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.49 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.50 1 Sediment Split 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.50 1 Sediment Split 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.50DUP 1 Sediment Split 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.50DUP 1 Sediment Split 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.51 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.51 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.52 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.52 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.53 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.53 1 Sediment Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.70 1 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.70 1 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.71 2 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.71 2 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.72 3 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.72 3 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.73 4 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.73 4 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.74 1 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.74 1 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.75 2 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.75 2 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.76 3 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.76 3 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.77 4 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-5/6/7 5SX001.77 4 Water Regular 1999.11.16 32.756791 -119.5933 
SINKEX 1-3.5 5SX002.01 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.01 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.02 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.02 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.03 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.03 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.04 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.04 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.05 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.05 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.06 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.06 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.40 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.40 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.41 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.41 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.42 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.42 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.43 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.43 1 Sediment Regular 1999.11.16 32.756937 -119.592729
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DUPLICATE 
LABEL SAMPLE MEDIUM TYPE NAME 



SAMPLE 
DATE LATITUDE LONGITUDE



SINKEX 1-3.5 5SX002.44 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.44 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.45 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.45 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.46 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.46 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.47 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.47 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.48 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.48 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.49 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.49 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.50 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.50 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.51 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.51 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.52 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.52 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.53 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX 1-3.5 5SX002.53 1 Sediment Regular 1999.11.16 32.756937 -119.592729
SINKEX WFT 5SX_MEC_WFT_Crab_Infauna 1 Organism Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX_MEC_WFT_Crab_Infauna 1 Organism Regular 1999.11.17 32.75718833 -119.671845
SINKEX 4-6 5SX003.01 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.01 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.02 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.02 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.03 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.03 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.04 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.04 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.05 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.05 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.06 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.06 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.40 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.40 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.41 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.41 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.42 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.42 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.43 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.43 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.44 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.44 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.45 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.45 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.46 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.46 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.47 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.47 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.48 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.48 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.49 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.49 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.50 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.50 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.51 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.51 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.52 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.52 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.53 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX 4-6 5SX003.53 1 Sediment Regular 1999.11.17 32.750609 -119.600484
SINKEX WFT 5SX011.60 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.60 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.600 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.600 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.601 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.601 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.602 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.602 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.603 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
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LABEL SAMPLE MEDIUM TYPE NAME 



SAMPLE 
DATE LATITUDE LONGITUDE



SINKEX WFT 5SX011.603 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.604 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.604 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.61 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.61 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.62 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.62 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.63 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.63 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.64 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.64 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.65 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.65 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.66 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.66 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.67 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.67 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.68 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.68 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.69 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX011.69 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.60 1 Anoplopoma fimbria Split 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.60 1 Anoplopoma fimbria Split 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.600 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.600 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.601 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.601 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.602 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.602 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.603 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.603 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.604 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.604 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
ADLittle 5SX012.60DUP 1 Anoplopoma fimbria Split 1999.11.17   
ADLittle 5SX012.60DUP 1 Anoplopoma fimbria Split 1999.11.17   
SINKEX WFT 5SX012.61 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.61 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.62 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.62 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.63 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.63 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.64 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.64 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.65 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.65 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.66 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.66 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.67 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.67 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.68 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.68 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.69 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX012.69 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.60 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.60 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.600 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.600 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.601 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.601 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.603 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.603 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.604 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.604 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.605 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.605 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.61 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.61 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.62 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.62 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.63 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.63 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
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SINKEX WFT 5SX013.64 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.64 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.65 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.65 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.66 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.66 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.67 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.67 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.68 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.68 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.69 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX WFT 5SX013.69 1 Anoplopoma fimbria Regular 1999.11.17 32.75718833 -119.671845
SINKEX RFT 5SX014.60 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.60 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.600 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.600 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.601 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.601 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.602 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.602 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.603 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.603 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.61 1 Anoplopoma fimbria Split 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.61 1 Anoplopoma fimbria Split 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.61DUP 1 Anoplopoma fimbria Split 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.61DUP 1 Anoplopoma fimbria Split 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.62 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.62 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.63 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.63 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.64 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.64 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.65 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.65 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.66 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.66 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.67 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
SINKEX RFT 5SX014.67 1 Anoplopoma fimbria Regular 1999.11.17 32.756879 -119.59354 
MECASI 5SX001.12 1 Sediment Composite 1999.11.23   
MECASI 5SX001.12 10 Sediment Composite 1999.11.23   
MECASI 5SX001.12 2 Sediment Composite 1999.11.23   
MECASI 5SX001.12 3 Sediment Composite 1999.11.23   
MECASI 5SX001.12 4 Sediment Composite 1999.11.23   
MECASI 5SX001.12 5 Sediment Composite 1999.11.23   
MECASI 5SX001.12 6 Sediment Composite 1999.11.23   
MECASI 5SX001.12 7 Sediment Composite 1999.11.23   
MECASI 5SX001.12 8 Sediment Composite 1999.11.23   
MECASI 5SX001.12 9 Sediment Composite 1999.11.23   
MECASI 5SX001.13 1 Sediment Composite 1999.11.24   
MECASI 5SX001.13 2 Sediment Regular 1999.11.24   
MECASI 5SX001.13 3 Sediment Regular 1999.11.24   
MECASI 5SX001.13 4 Sediment Regular 1999.11.24   
MECASI 5SX001.13 5 Sediment Regular 1999.11.24   
MECASI 5SX001.16 1 Sediment Composite 1999.11.24   
MECASI 4SX001.14T None Macoma nasuta Regular 1999.11.25   
MECASI 4SX001.15 None Macoma nasuta Regular 1999.11.25   
MECASI 4SX001.17T None Nephtys caecoides Regular 1999.11.25   
MECASI 4SX001.18 None Nephtys caecoides Regular 1999.11.25   
MECASI 4SX003.14T None Macoma nasuta Regular 1999.11.25   
MECASI 4SX003.15 None Macoma nasuta Regular 1999.11.25   
MECASI 4SX003.17T None Nephtys caecoides Regular 1999.11.25   
MECASI 4SX003.18 None Nephtys caecoides Regular 1999.11.25   
MECASI 4SX004.14T None Macoma nasuta Split 1999.11.25   
MECASI 4SX004.15 None Macoma nasuta Regular 1999.11.25   
MECASI 4SX004.17T None Nephtys caecoides Regular 1999.11.25   
MECASI 4SX004.18 None Nephtys caecoides Regular 1999.11.25   
MECASI 4SX005.14T None Macoma nasuta Split 1999.11.25   
ADLittle 4SX005.14TDUP None Macoma nasuta Split 1999.11.25   
MECASI 4SX005.15 None Macoma nasuta Regular 1999.11.25   
MECASI 4SX005.17T None Nephtys caecoides Regular 1999.11.25   
MECASI 4SX005.18 None Nephtys caecoides Regular 1999.11.25   
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MECASI 5SX001.15 1 Macoma nasuta Regular 1999.11.25   
MECASI 5SX001.18 1 Nephtys caecoides Regular 1999.11.25   
MECASI 5SX001.14T 1 Macoma nasuta Regular 2000.01.11   
MECASI 5SX001.17T 1 Nephtys caecoides Regular 2000.01.11   
MECASI 5SX001.11 1 Sediment Composite 2000.04.24   
MECASI 5SX001.11 2 Sediment Composite 2000.04.24   
MECASI 5SX001.11 3 Sediment Composite 2000.04.24   
MECASI 5SX001.11 4 Sediment Composite 2000.04.24   
MECASI 5SX001.11 5 Sediment Composite 2000.04.24   
MECASI 5SX001.90 1 Sediment Composite 2000.05.15   
MECASI 5SX001.91 1 Sediment Composite 2000.05.15   
FIT 4SX005.91DUP None Sediment Split 2000.06.09   
SINKEX 4-3.1 4SX004.01DUP None Sediment Split 2000.06.12 32.757495 -119.580312
MECASI 4SX004.14TDUP None Macoma nasuta Split 2000.06.27   
SINKEX 1-6 2SX0026DUP None Sediment Split 2002.04.24 32.756827 -119.593272
SINKEX 1-7 2SX0049DUP None Sediment Split 2002.04.24 32.756813 -119.593564
SINKEX 4-8 4SX006.03DUP None Sediment Split 2002.04.24 32.76321 -119.600542
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> >
> > Gauthier's work in SPAWAR's January 2006 Final Report on the Ecological
Risk Assessment on the EX- ORISKANY, specifically;
> >
> > Gauthier et al. 2006. Risk Assessment of the Potential Release of PCBs
and Other Contaminants from Sunken Navy Ships in the Deep Ocean: ex-USS
AGERHOLM Case Study.
> >
> > Final
> > report prepared for SINKEX Technical Working Group, by Space and Naval
Warfare Systems Center, San Diego, CA. (in prep).
> >
> >  Another reference that looks to be helpful in this report is:
> >
> > Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha
Stallard, and D. H. Rushworth 1994. Ecological Analysis of Deep Sea Sinking
of Navy Ships Containing Polychlorinated Biphenyls (PCB) Impregnated
Materials, White Paper. Naval Command, Control, and Ocean Surveillance
Center Research Development Test and Evaluation Division (NRaD),
Environmental Sciences Division, Code 52, 4 March 1994, San Diego, CA.
> >
> > We've not been able to locate the these studies, so I'd like to request
a copy from your agency if possible.  Any help you can provide will be
appreciated.  We'd love to get our hands on a copy soon (would be great to
have it such electronic copy, but of course hard copy is great, too).
> >
> > At this point, ANY help is highly appreciated.  Any other references
that you may deem to be helpful would be appreciated.  Also, I've cc'd our
EPA contractor who is assisting with our risk assessment and also putting
our report together.
> >
> > Thanks again for your help,
> >
> > Richard Franklin
> > Federal On-Scene Coordinator
> > U.S. EPA Region 10
> > Oregon Operations Office
> > 805 SW Broadway, Suite 500
> > Portland, OR  97205
> >
> > Office:  (503) 326-2917
> > Cell:     (503) 475-4178


--
~~~o~~~<><~~~~o~~><>~~~o~<*((><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW
Space and Naval Warfare Systems Center Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279


johnston@spawar.navy.mil








From: Richard Franklin
To: Steve Fuller; robert.c.anderson@noaa.gov; Tom Townsend; Earl Liverman
Subject: Fw: Directions for meeting STA PDX small boat for LST visit
Date: 05/13/2011 04:45 PM
Attachments: Document.pdf


----- Original Message -----
From: "Pomajzl, Jarrod LTJG" [Jarrod.E.Pomajzl@uscg.mil]
Sent: 05/13/2011 02:29 PM MST
To: Richard Franklin
Cc: "Thorkilson, Kelly LCDR" <Kelly.A.Thorkilson@uscg.mil>
Subject: Directions for meeting STA PDX small boat for LST visit


Richard,


Attached is a set of Google directions from Portland to the Rainier Senior Center.  Just off the 
bank of the Columbia in the parking lot of this Senior Center is the dock where the STA PDX 25' 
RBS will meet you and your party.  Basically, head north on I-5 and take the Longview exit.  Head 
over the Longview Bridge and turn back to the east.  It's only a mile or so down the way.  The 
Coxswain that day will be BM2 Matt Riesberg and he can be reached at 503-849-0505.  This is the 
duty coxswain's phone number.  If you can't reach him that day, try 503-849-0507.  This is the 
STA PDX OOD duty cell phone.  They will meet you there at 1200 and can accommodate 5 people.  Have 
fun!


v/r


JEP


-----Original Message-----
From: USCG MSU Portland [mailto:MSUPortlandHPDS@uscg.mil] 
Sent: Friday, May 13, 2011 2:26 PM
To: Pomajzl, Jarrod LTJG
Subject: DOI SOW


Please open the attached document. This document was digitally sent to you using an HP Digital 
Sending device.
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From: Richard Franklin
To: Fuller, Steve
Cc: Ban, Tiffany
Subject: Re: FW: LST Documents (with NOAA reference)
Date: 06/23/2011 01:58 PM


Thanks so much Steve!  Thanks to your crew.  Also, I'll let you know what happens
at USCG tomorrow and any further need to take USCG edits and finalize the EE/CA.
Similarly the Tech Memo.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ "Fuller, Steve" ---06/23/2011 01:54:20 PM---Richard,


From:    "Fuller, Steve" <SFuller@TechLawInc.com>
To:    Richard Franklin/R10/USEPA/US@EPA
Cc:    "Ban, Tiffany" <TBan@TechLawInc.com>
Date:    06/23/2011 01:54 PM
Subject:    FW: LST Documents (with NOAA reference)


Richard,


 
Although there was some frustration this was actually interesting, educational and a
little fun.  We appreciate the opportunity and business.


 
I am having a little trouble with the .pdf file and will send it along soon.


 
Best,
Steve


 
Steve Fuller L.E.G., P.G.
Sr. Consultant
Techlaw Inc.
101 Yesler Way, Suite 600
Seattle, WA 98104
206.577.3051 (O)
206.276.7844 (C)
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From: Wilson, Laura 
Sent: Thursday, June 23, 2011 1:31 PM
To: Fuller, Steve
Subject: RE: LST Documents (with NOAA reference)


 


 


 
From: Fuller, Steve 
Sent: Thursday, June 23, 2011 12:04 PM
To: Wilson, Laura
Subject: FW: LST Documents (with NOAA reference)


 


 


 
From: Ban, Tiffany 
Sent: Wednesday, June 22, 2011 4:26 PM
To: Fuller, Steve
Subject: LST Documents (with NOAA reference)


 


 


 
Tiffany Ban
Administrative/Project Support
TechLaw, Inc.
101 Yesler Way, Suite 600
Seattle, WA 98104
1.206.577.3053 Office
1.808.383.7246 Cell
 [attachment "LST-1166_EECA_Rev 4.docx" deleted by Richard
Franklin/R10/USEPA/US] 








From: Richard Franklin
To: Fuller, Steve
Subject: RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/16/2011 12:58 PM


Good info.  I do think we'll need to put it in, for the record - I'll take a go at it.  Gives a
truer picture and also give us more credibility.  When you talk to Bob Johnston, I'd like to
know if there's a way to get a better handle on the wiring (e.g., how much a foot of a
bundle might weigh, etc. so we could estimate the volume of the wiring in the ship).  He
also made a comment to me that they think that it would take shipbreaking to really get
the wiring out.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ "Fuller, Steve" ---06/16/2011 12:27:15 PM---Richard, Yep.  CCS recalls the bulk head
insulation was limited to the rooms in


From:    "Fuller, Steve" <SFuller@TechLawInc.com>
To:    Richard Franklin/R10/USEPA/US@EPA
Cc:    "Martin, Bradley" <BMartin@TechLawInc.com>
Date:    06/16/2011 12:27 PM
Subject:    RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and  other Contaminants


Richard,


Yep.  CCS recalls the bulk head insulation was limited to the rooms
in
the super structure and not below deck.  Maybe 1600 square feet of
ceiling space the superstructure.  If that is the case, it is a small
quantity that could be covered in the contingency we have in our cost
estimate.  I hate to add the words for this stuff in the document at
this time because it is a small cost item.  I leave it to you to
decide
when to make the "pens down" call.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 16, 2011 12:03 PM
To: Fuller, Steve
Cc: Shiroma, Estelle
Subject: RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects
from
PCBs and other Contaminants


Yes.  Same fellow.  You have his email, and his phone is 360-782-
0113.
He's at the Naval shipyards at Bremerton.


One other question I have, in talking to him and reviewing other
papers
-  it seems as if bulkhead insulation with what they call "lagging",
or
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wrapping/covering material of  fiberglass insulation and resins, can
be
a real problem and often has highest content of PCBs on board these
old
Navy ships. I don't think we've dealt with this, estimated it, or
written anything about it in the EE/CA.  In the CCS spreadsheet,
there
is reference to what appears to be bulkhead insulation covering ("Blk
Insl Covering-013"), Line 21.  What do you think?


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:         "Fuller, Steve" <SFuller@TechLawInc.com>
To:         Richard Franklin/R10/USEPA/US@EPA
Cc:         "Shiroma, Estelle" <EShiroma@TechLawInc.com>
Date:         06/16/2011 11:47 AM
Subject:         RE: FW: Assistance on SPAWAR reports re Deep Ocean
Effects
            from PCBs and  other Contaminants


Richard,


Confirming " Robert K Johnston" is the same as "Bob Johnston", if so
we
will coordinate.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov]
Sent: Thursday, June 16, 2011 11:28 AM
To: Fuller, Steve
Subject: Re: FW: Assistance on SPAWAR reports re Deep Ocean Effects
from
PCBs and other Contaminants


Steve,


I had a long, interesting productive call with Bob Johnston at
SPAWAR.
He's a PhD research and Marine Biologist who's been working on
similar
projects for the NAVY for many years, but more importantly for us was
directly involved in the ORISKANY and EX-AEGERHOLM.  He's going to
gather up appropriate papers on deep water studies and send a cd to
you
and me.


In the meantime, I asked him if he could talk to Estelle and you
today
on a conference call, and discuss what he knows about these projects
and
PCBs.  Can we set you and Estelle up for a call with him today?  He's
willing to spend a small amount of time visiting with you guys.  We
won't have the data on the deep water stuff by then, but I'm hoping
he
might be able to give Estelle and you enough qualitative info to get
us
a better foundation and perhaps re-write for the Risk Evaluation.


By the way, the previous email you sent was VERY interesting.  Good
to
know.  Wish we'd known this before.  I'll try to write this in the
EECA
today.


Richard Franklin







Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:                   "Fuller, Steve" <SFuller@TechLawInc.com>
To:                   Richard Franklin/R10/USEPA/US@EPA
Date:                   06/16/2011 11:03 AM
Subject:                   FW: Assistance on SPAWAR reports re Deep
Ocean
Effects
from
            PCBs and  other Contaminants


Richard,


I'm on a call until 10:30.  Estelle says these are no help, she has
seen
most of these already.  She really needs the deep water SINKEY stuff.


Best,
Steve


-----Original Message-----
From: Robert K Johnston [mailto:johnston@spawar.navy.mil]
Sent: Thursday, June 16, 2011 10:50 AM
To: Franklin.Richard@epamail.epa.gov
Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; Chadwick, Bart B
CIV
SPAWARSYSCEN-PACIFIC, 71750; Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC,
71752; George, Robert D CIV SPAWARSYSCEN-PACIFIC, 71752; Fuller, Steve
Subject: Re: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Hi Richard,


I was good talking with you. We are working on getting a CD with all
the
SINKEX studies for you. All the Oriskany reports are available at
http://environ.spawar.navy.mil/Projects/REEFEX/index.html


You may also be interested in these references as well:
EPA Guidance for artificial reefs
http://water.epa.gov/type/oceb/artificialreefs_index.cfm


SEA 21 Navy Inactive Ships Program
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/de


fault.aspx


http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/or


iskanyfaqs.aspx


Ships to Reefs Program
http://www.ships2reefs.com/displaycommon.cfm?an=1&subarticlenbr=17


South Carolina Artificial Reef Program
http://saltwaterfishing.sc.gov/artificialreef.html


Florida Artificial Reef Program
http://myfwc.com/conservation/saltwater/artificial-reefs/


Escambia County (FL) Artificial Reefs
http://www.myescambia.com/Bureaus/CommunityServices/ArtificialReefs.html


Currents Article on Sinking Oriskany
http://www.enviro-
navair.navy.mil/currents/summer2006/Sum06_Ships_To_Ree
f Program.pdf







Artificial Reef Society of BC
http://www.artificialreef.bc.ca/


and the ultimate source....
Wikipedia
http://en.wikipedia.org/wiki/Artificial_reef


I hope that helps.


-bob
--
~~~o~~~<><~~~~o~~~><>~~~o~<><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW Space and Naval Warfare
Systems
Center Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279
johnston@spawar.navy.mil


> ________________________________
>
> From: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Sent: Tue 6/14/2011 3:52 PM
> To: Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752
> Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; George, Robert D
CIV


> SPAWARSYSCEN-PACIFIC, 71752
> Subject: FW: Assistance on SPAWAR reports re Deep Ocean Effects
from 
> PCBs and other Contaminants
>
> Roy/Rob/Bill,
>
> Can you please provide a response to the request below.
>
> Thanks,
>
> Bart
>
> -----Original Message-----
> From: Franklin.Richard@epamail.epa.gov 
> [mailto:Franklin.Richard@epamail.epa.gov]
> Sent: Tuesday, June 14, 2011 1:57 PM
> To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Cc: SFuller@TechLawInc.com
> Subject: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs 
> and other Contaminants
>
> HI Bart,
>
> Thanks for visiting with me this afternoon about Mr. (Dr?)
Gauthier's
reports on the release of PCBs and other contaminants in the deep
ocean
from sunken vessels.  As I mentioned in our call, we are working to
assist the U.S. Coast Guard, Sector Columbia River, with conducting an
Engineering Evaluation and Cost Analysis (EE/CA) of disposal options
for
an ex-Navy ship that has been abandoned on the lower Columbia River.
>
> The vessel is an attractive nuisance, but more specifically is
contaminated with PCBs in interior paint and PCB-laced asbestos
cabling
insulation.  The USCG would like to scuttle the vessel in 1000
fathoms
of water, 65 miles offshore the coast Oregon.
>
> In conducting the EE/CA, we've been having a hard time finding
appropriate, helpful studies or data on what might happen to PCBs in
the
deep ocean environment.  However, we did find references to Mr.
>







> Gauthier's work in SPAWAR's January 2006 Final Report on the 
> Ecological Risk Assessment on the EX- ORISKANY, specifically;
>
> Gauthier et al. 2006. Risk Assessment of the Potential Release of
PCBs
and Other Contaminants from Sunken Navy Ships in the Deep Ocean: ex-
USS
AGERHOLM Case Study.
>
> Final
> report prepared for SINKEX Technical Working Group, by Space and
Naval
Warfare Systems Center, San Diego, CA. (in prep).
>
>  Another reference that looks to be helpful in this report is:
>
> Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha
Stallard, and D. H. Rushworth 1994. Ecological Analysis of Deep Sea
Sinking of Navy Ships Containing Polychlorinated Biphenyls (PCB)
Impregnated Materials, White Paper. Naval Command, Control, and Ocean
Surveillance Center Research Development Test and Evaluation Division
(NRaD), Environmental Sciences Division, Code 52, 4 March 1994, San
Diego, CA.
>
> We've not been able to locate the these studies, so I'd like to
request a copy from your agency if possible.  Any help you can
provide
will be appreciated.  We'd love to get our hands on a copy soon
(would
be great to have it such electronic copy, but of course hard copy is
great, too).
>
> At this point, ANY help is highly appreciated.  Any other
references
that you may deem to be helpful would be appreciated.  Also, I've
cc'd
our EPA contractor who is assisting with our risk assessment and also
putting our report together.
>
> Thanks again for your help,
>
> Richard Franklin
> Federal On-Scene Coordinator
> U.S. EPA Region 10
> Oregon Operations Office
> 805 SW Broadway, Suite 500
> Portland, OR  97205
>
> Office:  (503) 326-2917
> Cell:     (503) 475-4178








From: Richard Franklin
To: Ruth Yender
Subject: Re: Fwd: LST-1166
Date: 06/22/2011 09:51 PM


Thanks Ruth.


  From: "Ruth.Yender" [Ruth.Yender@noaa.gov]
  Sent: 06/22/2011 08:56 PM MST
  To: Richard Franklin
  Subject: Fwd: LST-1166


Hey Richard,


Found one more (earlier) email regarding scuttling location criteria that you may or 
may not want to include.  Perhaps useful background for you, in any case.


Best Regards,
Ruth


Ruth Yender
Spill Response Scientific  Support  Coordinator for the Northwest and Oceania
Emergency Response Division
NOAA Office of Response and Restoration
7600 Sand Point Way NE
Seattle, WA 98115
Office:  (206) 526-6081
Cell:   (206)849-9926
Fax:  (206)526-6329
24 Hour Emergency:  (206)526-4911


Begin forwarded message:


From: Christopher Barker <Chris.Barker@noaa.gov>
Date: October 29, 2008 2:49:41 PM PDT
To: Stephanie.M.Sulser@uscg.mil
Cc: Ruth Yender <Ruth.Yender@noaa.gov>, Glen Watabayashi <Glen.Watabayashi@noaa.gov>
Subject: LST-1166


LTJG Sulser,


I've left you a voice mail, but I though I'd follow up with a email.


I understand from Ruth that you are looking for potential Ocean dumping 
sites for the LST-1166.


I'm not sure what your specific questions are, but here are few thoughts, 
some of which may be obvious:


We assume that the vessel is pretty clean of oils, etc, though there may 
still be a few dribbles.
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It should be away from the shipping lanes.


It should be outside the Columbia River Bar.


It should be in deep enough water that it isn't a navigation hazard and 
won't be moved about too much by waves and currents: We think 
greater than 30 fathoms would be OK.


It should be far enough from shore that small dribbles of oil won't make 
significant impact on shore -- greater than about 5 miles. This does 
depend on the type and quantity of oils that may be released.


If you really want it "gone", deep in the Astoria Canyon would be a good 
bet, if that's not too far.


I'm not sure what fishing activities, such as trawling, occur in that region 
-- this could influence where a good spot would be. We can research that 
further if you need us to.


Is there any idea that it could become useful as an artificial reef? If so, 
then more research would have to be done about what would be an 
appropriate depth for that.


Please feel free to call/email us with further questions.


-Chris


-- 
Christopher Barker, Ph.D.
Oceanographer


Emergency Response Division
NOAA/NOS/OR&R            (206) 526-6959   voice
7600 Sand Point Way NE   (206) 526-6329   fax
Seattle, WA  98115       (206) 526-6317   main reception


Chris.Barker@noaa.gov
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From: Richard Franklin
To: Thorkilson, Kelly LCDR
Subject: Fw: Draft No Effects Memo, LST-1166
Date: 07/27/2011 04:15 PM


Hi Kelly - please see Robert Anderson's comments on our draft Technical Memo on a
finding of "No Effects".  Since we're not going further with the draft document, I
thought you should have it for the file.  And Sorry for this background color - came
with the email below and I'm not smart enough to get rid of it......


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
----- Forwarded by Richard Franklin/R10/USEPA/US on 07/27/2011 04:12 PM -----


From:    Robert C Anderson <robert.c.anderson@noaa.gov>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    07/12/2011 01:27 PM
Subject:    Re: Draft No Effects Memo, LST-1166


Hi Richard - nature of a volunteer assignment...my apologizes for getting back to you so late.


Good job on the project description.


I did look over the document and provide these suggestions:


In my opinion, the document needs to better explain why the proposed best management
practices will not result in effects to listed species or critical habitat (ESA), and for Federally
managed fishes and Essential Fish Habitat under the Magnuson-Stevens Fishery
Conservation and Management Act.


As written, the rationales are formulated as A=B, rather than A+B+C=D. For example
(A=B), "because best management practices will be applied, therefore there will be no
effects." 


For example (A+B+C=D), if PCBs are released into the environment at some point there fate
and transport will do something...at that point what will happen? Why does it not affect
habitat or species, either directly or indirectly? What is needed is an explanation of why
(what is it about a particular best management practice that will neutralize effects from
occurring?) a particular best management practice (important to clearly identify and link each
best management practice to the appropriate activity) will result in no effect?


Anyway, hope this is helpful.
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robert


Richard Franklin wrote the following on 7/12/2011 11:40 AM: 
Hey Robert.  Any time to review yet?


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:         Robert C Anderson
<robert.c.anderson@noaa.gov>
To:         Richard Franklin/R10/USEPA/US@EPA
Date:         07/05/2011 01:21 PM
Subject:         Re: Draft No Effects Memo, LST-1166


Hi Richard -- I got wrapped up in a couple of fire drills
last week.
I'll give you a call TH to discuss if your available.


robert


Franklin.Richard@epamail.epa.gov wrote the following on
6/27/2011 11:07
AM:


      Het Robert,


      Thanks so much for being wiling to take a quick
look at this
      technical
      memorandum.  Again, if you feel that something is
amiss or we're
      off-track, give us a hollar.


      (See attached file: No effects tech memo Rev
3.docx)


      Richard Franklin
      Federal On-Scene Coordinator
      U.S. EPA Region 10
      Oregon Operations Office
      805 SW Broadway, Suite 500
      Portland, OR  97205


      Office:  (503) 326-2917
      Cell:     (503) 475-4178
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From: Richard Franklin
To: Earl Liverman; Mary Queitzsch
Subject: Fw: LST-1166 Extension of Time for Delivery of EE/CA to USCG
Date: 06/16/2011 04:03 PM
Attachments: Electrical Cable Insulation.docx


Please see attached.  Much better documentation.  Total of 14,850 lbs of wiring
estimated, of which 10,730 lbs is insulation, and 3, 519 lbs is copper. 


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/16/2011 04:00 PM -----


From:    "Fuller, Steve" <SFuller@TechLawInc.com>
To:    Richard Franklin/R10/USEPA/US@EPA
Cc:    "Martin, Bradley" <BMartin@TechLawInc.com>
Date:    06/16/2011 03:42 PM
Subject:    RE: LST-1166 Extension of Time for Delivery of EE/CA to USCG


Opps, nice to have an attachment.


-----Original Message-----
From: Fuller, Steve 
Sent: Thursday, June 16, 2011 3:40 PM
To: 'Franklin.Richard@epamail.epa.gov'
Cc: Martin, Bradley
Subject: RE: LST-1166 Extension of Time for Delivery of EE/CA to USCG


Richard,


A more defensible estimate of the wiring on the LST.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 16, 2011 3:26 PM
To: Fuller, Steve
Subject: LST-1166 Extension of Time for Delivery of EE/CA to USCG


I spoke to USCG this afternoon and briefed them as to late breaking info
we're getting, and they agreed that we could have a bit more time to
finish.  They'd like to have a hand-off of the draft EE/CA to them by
next Friday, June 17.  Gives us a little more breathing room.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
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Electrical Cable Insulation  





 


[bookmark: _GoBack]The estimated quantity of electrical cable insulation aboard LST 1166 was determined from a review of the specifications of the vessel.  The power plant was a 600 KW diesel generator. The total weight of a new model Caterpillar© 600 KW electrical plant is 41,250 lbs. NSWCCD Code 244 conducted a review of other CV/CVN weight reports and determined the cable to electrical plant weight ratio to be 36%. Using this ratio, the weight of cable from the FWR calculates to 14,850 lbs. A study of the Navy Cable Inventory conducted by Westinghouse MTD found that the percentage of insulation in any given quantity of bulk cable is 72.26% for a typical combatant. Multiplying the estimated weight of cable by the insulation percentage gives an estimated weight of cable insulation of 10,730 lbs. (3,519 lbs. of copper). This weight is assumed to be equivalent to the weight aboard LST 1166 with correction for the amount of wire removed by vandals (Pape 2004).





Pape, Thomas L, 2004, Final report Polychlorinated Biphenyls (PCB) Source Term Estimates for ex-Oriskany, Rev. 4, prepared for Program Executive Office (Ships).
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From: Wally Moon
To: Richard Franklin
Subject: Re: LS-1166 EE/CA Deliverable  to USCG - Extension of Deadline
Date: 06/16/2011 04:00 PM


Good luck with that hair regrowth...right!


*********************************************************
Wally Moon
Emergency Preparedness and Prevention Unit Manager
Emergency Management Program
U. S. EPA 
Region 10 Seattle
1200 6th Ave ECL-116
Seattle, WA 98101
moon.wally@epa.gov
(206) 553-6323
(206) 419-2682 cell
(206) 553-0124 fax


▼ Richard Franklin---06/16/2011 02:07:39 PM---Hi All, In the last couple of weeks
we've had comments from, and held meetings with Ocean Dumping, T


From:    Richard Franklin/R10/USEPA/US
To:    Earl Liverman/R10/USEPA/US@EPA, Mary
Queitzsch/R10/USEPA/US@EPA, Chris Field/R10/USEPA/US@EPA
Cc:    Wally Moon/R10/USEPA/US@EPA, Calvin Terada/R10/USEPA/US@EPA,
Jonathan Freedman/R10/USEPA/US@EPA, Dave Bartus/R10/USEPA/US@EPA,
Anthony Barber/R10/USEPA/US@EPA, Clifford Villa/R10/USEPA/US@EPA
Date:    06/16/2011 02:07 PM
Subject:    LS-1166 EE/CA Deliverable  to USCG - Extension of Deadline


Hi All,


In the last couple of weeks we've had comments from, and held
meetings with Ocean Dumping, TSCA and ORC, which have been very
productive in understanding the real regulatory and administrative 
sideboards on disposal options for the LST.  We've also had several
very new, late-breaking developments which ultimately will bring
very good info to this project, but will require yet more re-writing of
the EE/CA, re-costing of options, and thus more delay in getting the
final deliverable to USCG.  


We're already late in getting the EE/CA to USCG according to the
original PRFA Scope of Work, but they have been somewhat patient
and just today granted me approval for more time.  We were shooting
for this week after one extension, then next Tuesday, but there's no
way to get a well-informed document to them by those dates. 
However, they have today agreed to let us have another extension
until a week from tomorrow, with delivery of a draft EE/CA to them by
next Friday.
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On a phone call today with them, they stressed that there's no money
left at the Sector to do any more operational work or removal
activities, nor will the National Pollution Funds Center authorize more
CERCLA dollars.  They believe the cost of assessment that's needed, as
well as cleanup, scuttling, or salvaging is not worth the pollution
threat.  They intend to relinquish federal control and turn the vessel
back over to the RP.


Silver Lining.  After this is all done, and my hair grows back, I believe
that the info we're currently gathering, not only from the various EPA
programs, but especially the Navy (SPAWAR or Space and Naval
Warfare Systems Center), will be a superb baseline of knowledge for
our programs and the newly established Derelict Vessel Task Force in
dealing with disposal of older vessels .


Regards,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 








From: Richard Franklin
To: SFuller@TechLawInc.com
Subject: Fw: LST-1166
Date: 06/14/2011 10:08 AM


See below


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/14/2011 10:08 AM -----


From:    "Griggs, James MSTC" <James.P.Griggs@uscg.mil>
To:    Richard Franklin/R10/USEPA/US@EPA
Cc:    "Thorkilson, Kelly LCDR" <Kelly.A.Thorkilson@uscg.mil>, "Boes, Richard R"
<Richard.R.Boes@uscg.mil>, "Echols, Anthony MST2" <Anthony.G.Echols@uscg.mil>, "Potter,
Luke MST1" <Luke.C.Potter@uscg.mil>
Date:    06/14/2011 08:05 AM
Subject:    LST-1166
Sent by:    James.P.Griggs@uscg.mil


Mr. Franklin:


I would call you back but I can't find the number and need to get back to
the Davy Crockett so this is simpler.


The LST-1166 is NOT sitting on the bottom, there is approximately 2 feet of
water below the vessel at low tide.  The bottom has hollowed out at its
location, creating a small dike around the vessel (or a divot in the river
bottom, whichever you prefer to think of it as).  The foam in the lower two
decks prevents the vessel from actually sinking to the bottom, which was the
design intent when it was added to make it a minesweeper.


No one has visited the vessel since the river levels have risen except
visually on a water patrol and I have no money left to pay for a dive survey
to assess the vessel underwater again.  The attitude of the vessel has not
changed, indicating it is still floating on the foam buoyancy.


v/r


MSTC James "Pat" Griggs
Sector Columbia River
Phone: 503-240-2562
Fax: 503-240-9308
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From: Richard Franklin
To: Rossetti, Johna LT
Subject: Re: LST 1166 EECA
Date: 05/27/2011 02:01 PM


Hi Johna,


I think we've missed on this, or I was not clear - and if so, I apologize.  We
did receive the draft EE/CA from our contractor this week, but I thought I had told
Kelly that I was going to submit it for internal EPA review this week, then make
corrections, then get it to USCG.  I did submit it to the other involved EPA programs
(Ocean Dumping, Legal, etc), this past Wednesday.  I have already gotten several
comments back from our various programs and will hopefully have all by Tuesday
next week.  Then we make corrections, then get the pre-final draft to USCG.


Thanks Johna.  Please call or email with any other questions you may have.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ "Rossetti, Johna LT" ---05/27/2011 08:48:51 AM---Hi, Richard.  LCDR Kelly
Thorkilson is out of the office until the 7th of June but she mentioned tha


From:    "Rossetti, Johna LT" <Johna.N.Rossetti@uscg.mil>
To:    Richard Franklin/R10/USEPA/US@EPA
Cc:    "Rossetti, Johna LT" <Johna.N.Rossetti@uscg.mil>
Date:    05/27/2011 08:48 AM
Subject:    LST 1166 EECA
Sent by:    Johna.N.Rossetti@uscg.mil


Hi, Richard. 


LCDR Kelly Thorkilson is out of the office until the 7th of June
but she mentioned that you were planning on having the EECA to
her sometime this week.  When you have that ready to send, would
you please send to me?


Thanks!


Very respectfully, 
Johna


LT Johna N. Rossetti
USCG Sector Columbia River
Incident Management Division 
Assistant Division Chief
PH:  503.861.6142
Johna.N.Rossetti@uscg.mil
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From: Fuller, Steve
To: Richard Franklin
Subject: RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/16/2011 01:04 PM


Will do.


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 16, 2011 12:59 PM
To: Fuller, Steve
Subject: RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Good info.  I do think we'll need to put it in, for the record - I'll
take a go at it.  Gives a truer picture and also give us more
credibility.  When you talk to Bob Johnston, I'd like to know if there's
a way to get a better handle on the wiring (e.g., how much a foot of a
bundle might weigh, etc. so we could estimate the volume of the wiring
in the ship).  He also made a comment to me that they think that it
would take shipbreaking to really get the wiring out.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:   "Fuller, Steve" <SFuller@TechLawInc.com>
To:     Richard Franklin/R10/USEPA/US@EPA
Cc:     "Martin, Bradley" <BMartin@TechLawInc.com>
Date:   06/16/2011 12:27 PM
Subject:        RE: FW: Assistance on SPAWAR reports re Deep Ocean
Effects
            from PCBs and  other Contaminants


Richard,


Yep.  CCS recalls the bulk head insulation was limited to the rooms in
the super structure and not below deck.  Maybe 1600 square feet of
ceiling space the superstructure.  If that is the case, it is a small
quantity that could be covered in the contingency we have in our cost
estimate.  I hate to add the words for this stuff in the document at
this time because it is a small cost item.  I leave it to you to decide
when to make the "pens down" call.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov]
Sent: Thursday, June 16, 2011 12:03 PM
To: Fuller, Steve
Cc: Shiroma, Estelle
Subject: RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Yes.  Same fellow.  You have his email, and his phone is 360-782-0113.
He's at the Naval shipyards at Bremerton.


One other question I have, in talking to him and reviewing other papers
-  it seems as if bulkhead insulation with what they call "lagging", or
wrapping/covering material of  fiberglass insulation and resins, can be
a real problem and often has highest content of PCBs on board these old
Navy ships. I don't think we've dealt with this, estimated it, or
written anything about it in the EE/CA.  In the CCS spreadsheet, there
is reference to what appears to be bulkhead insulation covering ("Blk
Insl Covering-013"), Line 21.  What do you think?


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:            "Fuller, Steve" <SFuller@TechLawInc.com>
To:              Richard Franklin/R10/USEPA/US@EPA
Cc:              "Shiroma, Estelle" <EShiroma@TechLawInc.com>
Date:            06/16/2011 11:47 AM
Subject:                 RE: FW: Assistance on SPAWAR reports re Deep
Ocean
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Effects
            from PCBs and  other Contaminants


Richard,


Confirming " Robert K Johnston" is the same as "Bob Johnston", if so we
will coordinate.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov]
Sent: Thursday, June 16, 2011 11:28 AM
To: Fuller, Steve
Subject: Re: FW: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Steve,


I had a long, interesting productive call with Bob Johnston at SPAWAR.
He's a PhD research and Marine Biologist who's been working on similar
projects for the NAVY for many years, but more importantly for us was
directly involved in the ORISKANY and EX-AEGERHOLM.  He's going to
gather up appropriate papers on deep water studies and send a cd to you
and me.


In the meantime, I asked him if he could talk to Estelle and you today
on a conference call, and discuss what he knows about these projects and
PCBs.  Can we set you and Estelle up for a call with him today?  He's
willing to spend a small amount of time visiting with you guys.  We
won't have the data on the deep water stuff by then, but I'm hoping he
might be able to give Estelle and you enough qualitative info to get us
a better foundation and perhaps re-write for the Risk Evaluation.


By the way, the previous email you sent was VERY interesting.  Good to
know.  Wish we'd known this before.  I'll try to write this in the EECA
today.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:                             "Fuller, Steve"
<SFuller@TechLawInc.com>
To:                               Richard Franklin/R10/USEPA/US@EPA
Date:                             06/16/2011 11:03 AM
Subject:                                  FW: Assistance on SPAWAR
reports re Deep
Ocean
Effects
from
            PCBs and  other Contaminants


Richard,


I'm on a call until 10:30.  Estelle says these are no help, she has seen
most of these already.  She really needs the deep water SINKEY stuff.


Best,
Steve


-----Original Message-----
From: Robert K Johnston [mailto:johnston@spawar.navy.mil]
Sent: Thursday, June 16, 2011 10:50 AM
To: Franklin.Richard@epamail.epa.gov
Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; Chadwick, Bart B CIV
SPAWARSYSCEN-PACIFIC, 71750; Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC,
71752; George, Robert D CIV SPAWARSYSCEN-PACIFIC, 71752; Fuller, Steve
Subject: Re: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Hi Richard,


I was good talking with you. We are working on getting a CD with all the
SINKEX studies for you. All the Oriskany reports are available at
http://environ.spawar.navy.mil/Projects/REEFEX/index.html


You may also be interested in these references as well:
EPA Guidance for artificial reefs
http://water.epa.gov/type/oceb/artificialreefs_index.cfm


SEA 21 Navy Inactive Ships Program
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/de
fault.aspx


http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/or
iskanyfaqs.aspx







Ships to Reefs Program
http://www.ships2reefs.com/displaycommon.cfm?an=1&subarticlenbr=17


South Carolina Artificial Reef Program
http://saltwaterfishing.sc.gov/artificialreef.html


Florida Artificial Reef Program
http://myfwc.com/conservation/saltwater/artificial-reefs/


Escambia County (FL) Artificial Reefs
http://www.myescambia.com/Bureaus/CommunityServices/ArtificialReefs.html


Currents Article on Sinking Oriskany
http://www.enviro-navair.navy.mil/currents/summer2006/Sum06_Ships_To_Ree
f_Program.pdf


Artificial Reef Society of BC
http://www.artificialreef.bc.ca/


and the ultimate source....
Wikipedia
http://en.wikipedia.org/wiki/Artificial_reef


I hope that helps.


-bob
--
~~~o~~~<><~~~~o~~~><>~~~o~<><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW Space and Naval Warfare Systems
Center Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279
johnston@spawar.navy.mil


> ________________________________
>
> From: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Sent: Tue 6/14/2011 3:52 PM
> To: Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752
> Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; George, Robert D CIV


> SPAWARSYSCEN-PACIFIC, 71752
> Subject: FW: Assistance on SPAWAR reports re Deep Ocean Effects from 
> PCBs and other Contaminants
>
> Roy/Rob/Bill,
>
> Can you please provide a response to the request below.
>
> Thanks,
>
> Bart
>
> -----Original Message-----
> From: Franklin.Richard@epamail.epa.gov 
> [mailto:Franklin.Richard@epamail.epa.gov]
> Sent: Tuesday, June 14, 2011 1:57 PM
> To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Cc: SFuller@TechLawInc.com
> Subject: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs 
> and other Contaminants
>
> HI Bart,
>
> Thanks for visiting with me this afternoon about Mr. (Dr?) Gauthier's
reports on the release of PCBs and other contaminants in the deep ocean
from sunken vessels.  As I mentioned in our call, we are working to
assist the U.S. Coast Guard, Sector Columbia River, with conducting an
Engineering Evaluation and Cost Analysis (EE/CA) of disposal options for
an ex-Navy ship that has been abandoned on the lower Columbia River.
>
> The vessel is an attractive nuisance, but more specifically is
contaminated with PCBs in interior paint and PCB-laced asbestos cabling
insulation.  The USCG would like to scuttle the vessel in 1000 fathoms
of water, 65 miles offshore the coast Oregon.
>
> In conducting the EE/CA, we've been having a hard time finding
appropriate, helpful studies or data on what might happen to PCBs in the
deep ocean environment.  However, we did find references to Mr.
>
> Gauthier's work in SPAWAR's January 2006 Final Report on the 
> Ecological Risk Assessment on the EX- ORISKANY, specifically;
>
> Gauthier et al. 2006. Risk Assessment of the Potential Release of PCBs
and Other Contaminants from Sunken Navy Ships in the Deep Ocean: ex-USS
AGERHOLM Case Study.
>
> Final
> report prepared for SINKEX Technical Working Group, by Space and Naval
Warfare Systems Center, San Diego, CA. (in prep).
>
>  Another reference that looks to be helpful in this report is:







>
> Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha
Stallard, and D. H. Rushworth 1994. Ecological Analysis of Deep Sea
Sinking of Navy Ships Containing Polychlorinated Biphenyls (PCB)
Impregnated Materials, White Paper. Naval Command, Control, and Ocean
Surveillance Center Research Development Test and Evaluation Division
(NRaD), Environmental Sciences Division, Code 52, 4 March 1994, San
Diego, CA.
>
> We've not been able to locate the these studies, so I'd like to
request a copy from your agency if possible.  Any help you can provide
will be appreciated.  We'd love to get our hands on a copy soon (would
be great to have it such electronic copy, but of course hard copy is
great, too).
>
> At this point, ANY help is highly appreciated.  Any other references
that you may deem to be helpful would be appreciated.  Also, I've cc'd
our EPA contractor who is assisting with our risk assessment and also
putting our report together.
>
> Thanks again for your help,
>
> Richard Franklin
> Federal On-Scene Coordinator
> U.S. EPA Region 10
> Oregon Operations Office
> 805 SW Broadway, Suite 500
> Portland, OR  97205
>
> Office:  (503) 326-2917
> Cell:     (503) 475-4178








From: Jonathan Freedman
To: Mary Queitzsch
Subject: Fw: OCREGISTER: Sinking a Navy ship off O.C.: a toxic idea?
Date: 07/25/2011 11:45 AM


Jonathan Freedman    (206) 553-0266
USEPA, Region 10
Sediment Management Program
1200 Sixth Avenue, Suite 900 
ETPA - 083
Seattle WA  98101
freedman.jonathan@epa.gov
FAX:  (206) 553-1775


----- Forwarded by Jonathan Freedman/R10/USEPA/US on 07/25/2011 11:44 AM -----


From:    Jonathan Freedman/R10/USEPA/US
To:    Allan Ota/R9/USEPA/US@EPA
Cc:    Christine Reichgott/R10/USEPA/US@EPA, Chris Meade/R10/USEPA/US@EPA,
Lohrman.Bridgette@epa.gov
Date:    07/22/2011 04:48 PM
Subject:    Re: Fw: OCREGISTER: Sinking a Navy ship off O.C.: a toxic idea?


Allan:   Dave Redford's comments on the Sinkex GP and PCBs raises interesting
questions.  In light of our current work on the LST-1166, now well into its 3rd year, if
Marine Pollution branch ends up doing a new approach to TSCA compliance on the Sinkex
GP, what might this do to the vessel disposal GP ?  We are approaching a Coast Guard
decision on the CERCLA program's EECA document for the LST, and ocean disposal still
appears to be a viable option, so we may have to pose the question soon enough.


So we should stay in contact on this if someone proposes to use the Sinkex GP for the
Kawishiwa.  We have been referring to the reefing guidance for the LST because of its
discussion of how to treat PCB contamination, even though it was not intended for deep
water vessel disposals.


Jonathan Freedman    (206) 553-0266
USEPA, Region 10
Sediment Management Program
1200 Sixth Avenue, Suite 900 
ETPA - 083
Seattle WA  98101
freedman.jonathan@epa.gov
FAX:  (206) 553-1775


▼ Allan Ota---07/21/2011 02:17:27 PM---I have not heard about this specific vessel. 



mailto:CN=Jonathan Freedman/OU=R10/O=USEPA/C=US

mailto:CN=Mary Queitzsch/OU=R10/O=USEPA/C=US@EPA





Interesting, though, because I did receive a somewhat


From:    Allan Ota/R9/USEPA/US
To:    Jonathan Freedman/R10/USEPA/US@EPA
Cc:    Jason Brush/R9/USEPA/US@EPA, Brian Ross/R9/USEPA/US@EPA
Date:    07/21/2011 02:17 PM
Subject:    Re: Fw: OCREGISTER: Sinking a Navy ship off O.C.: a toxic idea?


I have not heard about this specific vessel.  Interesting, though, because I
did receive a somewhat cryptic phone call recently, from someone asking
what appeared to be a generic question, about whether EPA would be
involved in proposed artificial reef within State waters (did not specify a
location, either), using a steel hull vessel (also, did not specify type or size). 
I said, unless there are specific pollutant issues and if using the national
artificial reef guidance (that EPA was involved in), other agencies such as
NOAA, CA Dept of Fish and Game, USACE, and US Coast Guard were the
first agencies to contact.  The USCG typically would let us know if there are
significant pollution issues beyond their main jurisdiction over petroleum
products.  However, the PCB pollutant issue may become more prominent,
with these old ships, based on what Dave Redford said today in the OCPD
conf call.  He invoked the possibility of maybe having TSCA jurisdiction for
future SINKEX and other actions involving old (large) military vessels, as a
result of a petition submitted by Sierra Club and Basel Action Network.  Fun
times.......


****************************************************************


Allan Ota
Oceanographer / Regional Ocean Dumping Program Coordinator
Dredging and Sediment Management Team (WTR-8)
U.S. Environmental Protection Agency, Region 9
75 Hawthorne Street
San Francisco, CA 94105
===================================
415-972-3476 office
415-947-3537 fax
ota.allan@epa.gov


http://www.epa.gov/region9/water/dredging/
===================================


▼ Jonathan Freedman---07/21/2011 01:54:19 PM---Allan - I assume you are tracking the
progress of this vessel, although action sounds a long way off


From: Jonathan Freedman/R10/USEPA/US


To: Allan Ota/R9/USEPA/US@EPA


Date: 07/21/2011 01:54 PM


Subject: Fw: OCREGISTER: Sinking a Navy ship off O.C.: a toxic idea?


Allan - I assume you are tracking the progress of this vessel, although action
sounds a long way off.  Interesting they say they are "not seeking an EPA
waiver".







Jonathan Freedman    (206) 553-0266
USEPA, Region 10
Sediment Management Program
1200 Sixth Avenue, Suite 900 
ETPA - 083
Seattle WA  98101
freedman.jonathan@epa.gov
FAX:  (206) 553-1775


----- Forwarded by Jonathan Freedman/R10/USEPA/US on 07/21/2011 01:50 PM -----


From:    Richard Franklin/R10/USEPA/US
To:    Jonathan Freedman/R10/USEPA/US@EPA, Mary
Queitzsch/R10/USEPA/US@EPA
Date:    07/21/2011 01:40 PM
Subject:    Fw: OCREGISTER: Sinking a Navy ship off O.C.: a toxic idea?


See below.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
----- Forwarded by Richard Franklin/R10/USEPA/US on 07/21/2011 01:35 PM -----


From:    Harry Craig/R10/USEPA/US
To:    Richard Franklin/R10/USEPA/US@EPA, Dan Heister/R10/USEPA/US@EPA
Date:    07/20/2011 10:07 AM
Subject:    OCREGISTER: Sinking a Navy ship off O.C.: a toxic idea?


Thought you might find this article of interest, now that you are working on
derelict vessels:


http://www.ocregister.com/news/ship-308703-group-toxic.html


Harry








From: Richard Franklin
To: CHRISTENSEN Jeff
Cc: 'Thorkilson, Kelly LCDR'; 'William.R.Clark@uscg.mil'; Rossetti, Johna LT
Subject: Re: LST 1166 Status?
Date: 05/27/2011 03:20 PM


Hi Jeff,


We have not completed the final Engineering Evaluation/Cost Analysis (EE/CA) for
the LST-1166 yet.  However, I have received and edited a couple of drafts of it (and
estimated costs) along with Earl Liverman, who is our OSC EE/CA expert.  Just this
week, I distributed the latest draft to a wider group of the various involved programs
within EPA for review and comment. We should have comments back by mid-next
week, and will then finalize a pre-draft for delivery to USCG for their review.  The
finalized EE/CA will then have to go out for 30-day public notice and comment.  


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ CHRISTENSEN Jeff ---05/27/2011 12:38:57 PM---Hello- Hope you are looking
forward to some sunshine(?) and R&R over the Memorial Day Holiday!


From:    CHRISTENSEN Jeff <CHRISTENSEN.Jeff@deq.state.or.us>
To:    "'Thorkilson, Kelly LCDR'" <Kelly.A.Thorkilson@uscg.mil>,
"'William.R.Clark@uscg.mil'" <William.R.Clark@uscg.mil>, Richard
Franklin/R10/USEPA/US@EPA
Date:    05/27/2011 12:38 PM
Subject:    LST 1166 Status?


Hello—


 
Hope you are looking forward to some sunshine(?) and R&R over the Memorial Day
Holiday!  


 
Could one of you provide me with an update on the LST 1166?   Has EPA completed
its removal evaluation (EE/CA) and, if so, could you send me a copy and/or share
with me the key findings or conclusions?  


 
Hope to see you all at next week’s Task Force meeting.



mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US

mailto:CHRISTENSEN.Jeff@deq.state.or.us

mailto:Kelly.A.Thorkilson@uscg.mil

mailto:William.R.Clark@uscg.mil

mailto:Johna.N.Rossetti@uscg.mil





 
Thanks,


 
Jeff Christensen, Manager
Emergency Response/Environmental Cleanup
Land Quality Division
Oregon DEQ
(503) 229-6391








From: Fuller, Steve
To: Richard Franklin
Cc: Shiroma, Estelle
Subject: RE: FW: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/16/2011 11:31 AM


Richard,


Estelle is available for a call today.  Can you give me Bob's e-mail or
phone number so we can arrange it.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 16, 2011 11:28 AM
To: Fuller, Steve
Subject: Re: FW: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Steve,


I had a long, interesting productive call with Bob Johnston at SPAWAR.
He's a PhD research and Marine Biologist who's been working on similar
projects for the NAVY for many years, but more importantly for us was
directly involved in the ORISKANY and EX-AEGERHOLM.  He's going to
gather up appropriate papers on deep water studies and send a cd to you
and me.


In the meantime, I asked him if he could talk to Estelle and you today
on a conference call, and discuss what he knows about these projects and
PCBs.  Can we set you and Estelle up for a call with him today?  He's
willing to spend a small amount of time visiting with you guys.  We
won't have the data on the deep water stuff by then, but I'm hoping he
might be able to give Estelle and you enough qualitative info to get us
a better foundation and perhaps re-write for the Risk Evaluation.


By the way, the previous email you sent was VERY interesting.  Good to
know.  Wish we'd known this before.  I'll try to write this in the EECA
today.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:   "Fuller, Steve" <SFuller@TechLawInc.com>
To:     Richard Franklin/R10/USEPA/US@EPA
Date:   06/16/2011 11:03 AM
Subject:        FW: Assistance on SPAWAR reports re Deep Ocean Effects
from
            PCBs and  other Contaminants


Richard,


I'm on a call until 10:30.  Estelle says these are no help, she has seen
most of these already.  She really needs the deep water SINKEY stuff.


Best,
Steve


-----Original Message-----
From: Robert K Johnston [mailto:johnston@spawar.navy.mil]
Sent: Thursday, June 16, 2011 10:50 AM
To: Franklin.Richard@epamail.epa.gov
Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; Chadwick, Bart B CIV
SPAWARSYSCEN-PACIFIC, 71750; Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC,
71752; George, Robert D CIV SPAWARSYSCEN-PACIFIC, 71752; Fuller, Steve
Subject: Re: Assistance on SPAWAR reports re Deep Ocean Effects from
PCBs and other Contaminants


Hi Richard,


I was good talking with you. We are working on getting a CD with all the
SINKEX studies for you. All the Oriskany reports are available at
http://environ.spawar.navy.mil/Projects/REEFEX/index.html


You may also be interested in these references as well:
EPA Guidance for artificial reefs
http://water.epa.gov/type/oceb/artificialreefs_index.cfm


SEA 21 Navy Inactive Ships Program
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/de
fault.aspx



mailto:SFuller@TechLawInc.com

mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US@EPA

mailto:EShiroma@TechLawInc.com





http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/or
iskanyfaqs.aspx


Ships to Reefs Program
http://www.ships2reefs.com/displaycommon.cfm?an=1&subarticlenbr=17


South Carolina Artificial Reef Program
http://saltwaterfishing.sc.gov/artificialreef.html


Florida Artificial Reef Program
http://myfwc.com/conservation/saltwater/artificial-reefs/


Escambia County (FL) Artificial Reefs
http://www.myescambia.com/Bureaus/CommunityServices/ArtificialReefs.html


Currents Article on Sinking Oriskany
http://www.enviro-navair.navy.mil/currents/summer2006/Sum06_Ships_To_Ree
f_Program.pdf


Artificial Reef Society of BC
http://www.artificialreef.bc.ca/


and the ultimate source....
Wikipedia
http://en.wikipedia.org/wiki/Artificial_reef


I hope that helps.


-bob
--
~~~o~~~<><~~~~o~~~><>~~~o~<><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW Space and Naval Warfare Systems
Center Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279
johnston@spawar.navy.mil


> ________________________________
>
> From: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Sent: Tue 6/14/2011 3:52 PM
> To: Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752
> Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; George, Robert D CIV


> SPAWARSYSCEN-PACIFIC, 71752
> Subject: FW: Assistance on SPAWAR reports re Deep Ocean Effects from 
> PCBs and other Contaminants
>
> Roy/Rob/Bill,
>
> Can you please provide a response to the request below.
>
> Thanks,
>
> Bart
>
> -----Original Message-----
> From: Franklin.Richard@epamail.epa.gov 
> [mailto:Franklin.Richard@epamail.epa.gov]
> Sent: Tuesday, June 14, 2011 1:57 PM
> To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Cc: SFuller@TechLawInc.com
> Subject: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs 
> and other Contaminants
>
> HI Bart,
>
> Thanks for visiting with me this afternoon about Mr. (Dr?) Gauthier's
reports on the release of PCBs and other contaminants in the deep ocean
from sunken vessels.  As I mentioned in our call, we are working to
assist the U.S. Coast Guard, Sector Columbia River, with conducting an
Engineering Evaluation and Cost Analysis (EE/CA) of disposal options for
an ex-Navy ship that has been abandoned on the lower Columbia River.
>
> The vessel is an attractive nuisance, but more specifically is
contaminated with PCBs in interior paint and PCB-laced asbestos cabling
insulation.  The USCG would like to scuttle the vessel in 1000 fathoms
of water, 65 miles offshore the coast Oregon.
>
> In conducting the EE/CA, we've been having a hard time finding
appropriate, helpful studies or data on what might happen to PCBs in the
deep ocean environment.  However, we did find references to Mr.
>
> Gauthier's work in SPAWAR's January 2006 Final Report on the 
> Ecological Risk Assessment on the EX- ORISKANY, specifically;
>
> Gauthier et al. 2006. Risk Assessment of the Potential Release of PCBs
and Other Contaminants from Sunken Navy Ships in the Deep Ocean: ex-USS
AGERHOLM Case Study.
>
> Final
> report prepared for SINKEX Technical Working Group, by Space and Naval
Warfare Systems Center, San Diego, CA. (in prep).







>
>  Another reference that looks to be helpful in this report is:
>
> Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha
Stallard, and D. H. Rushworth 1994. Ecological Analysis of Deep Sea
Sinking of Navy Ships Containing Polychlorinated Biphenyls (PCB)
Impregnated Materials, White Paper. Naval Command, Control, and Ocean
Surveillance Center Research Development Test and Evaluation Division
(NRaD), Environmental Sciences Division, Code 52, 4 March 1994, San
Diego, CA.
>
> We've not been able to locate the these studies, so I'd like to
request a copy from your agency if possible.  Any help you can provide
will be appreciated.  We'd love to get our hands on a copy soon (would
be great to have it such electronic copy, but of course hard copy is
great, too).
>
> At this point, ANY help is highly appreciated.  Any other references
that you may deem to be helpful would be appreciated.  Also, I've cc'd
our EPA contractor who is assisting with our risk assessment and also
putting our report together.
>
> Thanks again for your help,
>
> Richard Franklin
> Federal On-Scene Coordinator
> U.S. EPA Region 10
> Oregon Operations Office
> 805 SW Broadway, Suite 500
> Portland, OR  97205
>
> Office:  (503) 326-2917
> Cell:     (503) 475-4178








From: Richard Franklin
To: Steve Fuller
Subject: Re: LST 1166
Date: 06/30/2011 05:16 PM


Thanks Steve. So it sounds as if Cascade is a no go although we didn't get a perfect straight answer.
Since the LST has PCBs, they may indeed not take the boat. Perhaps I should call them. Also, while the
method Ballard describes is working, the entire job of ship breaking and Decon has come at a cost of
over $15MM, which no one is going to do again.


  From: "Fuller, Steve" [SFuller@TechLawInc.com]
  Sent: 06/30/2011 05:38 PM AST
  To: Richard Franklin
  Subject: FW: LST 1166


Richard,
 
See below.
 


From: Jesse Hutton [mailto:jesse@BallardDiving.com] 
Sent: Thursday, June 30, 2011 2:28 PM
To: Fuller, Steve
Cc: Eric Muller; Michael Eakin; 'Robert Mester'; Troy Nylander
Subject: RE: LST 1166
 
Steve,
The reason Cascade would not take the Davy was due to the PCB contaminates. That was the only
reason. That's why we are cutting it up in place. I really think the method (pic attached) we are using
for the Davy remediation is a viable option for the LST. Its clean and there is no risk of the tow
sinking in a navigation channel or the Columbia River bar. You could install the sheet wall
containment and perform paint removal,  foam (double bottom) removal and dismantling right in
place. No other problems though - everything going great. Only the bow section left at this point.


Have a great day.
 
Jesse Hutton
Ballard Diving and Salvage
Office: (360) 695-5163
Mobile: (360) 518-3641
Jesse@ballarddiving.com
www.ballarddiving.com
 



mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US
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Confidentiality Notice: This page and any accompanying documents contain information that is
confidential, privileged, or exempt from disclosure under applicable law and is intended for the
exclusive use of the addressee. This information is private and protected by law. If you are not the
intended recipient, you are hereby notified that any disclosure, copying, distribution, or use of the
contents of this information in any manner is strictly prohibited.
 
 
 


From: Fuller, Steve [mailto:SFuller@TechLawInc.com] 
Sent: Thursday, June 30, 2011 11:41 AM
To: Jesse Hutton
Subject: LST 1166
 
Jesse,
 
When EPA briefed USCG on the EE/CA last week, Chief Griggs said that they had recently heard from
Cascade General and the other graving dock facility that they would not take the LST nor lease out
space at a dock for shipbreaking and salvage.  This was reportedly due to problems with the Davy
Crockett work going on now.  Could you provide me with some intel?
 
Best,
Steve
 
Steve Fuller L.E.G., P.G.
Sr. Consultant
Techlaw Inc.
101 Yesler Way, Suite 600
Seattle, WA 98104
206.577.3051 (O)
206.276.7844 (C)
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From: Richard Franklin
To: SFuller@TechLawInc.com
Subject: Fw: Proposed dump site for LST-1166
Date: 06/23/2011 09:30 AM


Hey Steve - I just wanted to make sure you had this email.  The others that I sent
show the behind the scenes work and considerations (and maps) for the scuttling
site, but this one gives the clear "good to go" from NMFS.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/23/2011 09:28 AM -----


From:    "Ruth.Yender" <Ruth.Yender@noaa.gov>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    06/22/2011 03:59 PM
Subject:    Fwd: Proposed dump site for LST-1166


Hi Richard,


Looks like our review of proposed USCG coordinates was relatively informal.  I'll also
forward a few emails of the interchange with NMFS.


Best Regards,
Ruth


Ruth Yender
Spill Response Scientific Support Coordinator for the Northwest and Oceania
Emergency Response Division
NOAA Office of Response and Restoration
7600 Sand Point Way NE
Seattle, WA 98115
Office:  (206) 526-6081
Cell:  (206)849-9926
Fax:  (206)526-6329
24 Hour Emergency:  (206)526-4911


Begin forwarded message:


From: Ruth.Yender <Ruth.Yender@noaa.gov>
Date: June 21, 2009 10:12:09 PM PDT
To: "Griggs, James MSTC" <James.P.Griggs@uscg.mil>
Subject: Re: Proposed dump site for LST-1166
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Hello Pat,


NOAA's National Marine Fisheries Service has given their okay to this location for
scuttling the LST-1166.  
Looks like you are good to go from NOAA's perspective.  


Best Regards,
Ruth


Ruth Yender
Scientific Support Coordinator for the Northwest and Oceania
Emergency Response Division
NOAA Office of Response and Restoration
7600 Sand Point Way NE
Seattle, WA 98115
Office:  (206) 526-6081
Cell:  (206)849-9926
Fax:  (206)526-6349
24 Hour Emergency:  (206)526-4911


On Jun 11, 2009, at 10:13 AM, Griggs, James MSTC wrote:


You are probably tired of hearing from me, but we need to know if this site
would be acceptable to dump the LST-1166, a 373.9 foot long vessel.


The site I have identified is 46 degrees 20 minutes North, 125 degrees 26
minutes West.


Thank you,


v/r


MSTC James "Pat" Griggs
Sector Portland
Incident Management Response
Phone: 503-240-2562
Fax:   503-240-9308


"Don't part with your illusions. When they are gone you may still exist, but
you have ceased to live." ~ Mark Twain








From: Richard Franklin
To: Rossetti, Johna LT
Subject: RE: LST 1166 EECA
Date: 06/01/2011 02:24 PM


Hi Johna,


I would like to get the draft to USCG by mid-next week.  We've had some issues
that need to be resolved on the EPA side before we can solidly address them in the
EE/CA, notably 1: what administrative and/or regulatory processes the TSCA
program may require  (or not) for disposal at sea regarding the PCBs on board the
vessel, and 2) time to complete a pre-final draft for USCG.  We have lots of
comments back from our other internal divisions and attorney, and need to
incorporate them in the EE/CA.  I'd also like to request an amendment to the
original PRFA to correct some previous language that needed fixing, and to provide
for a new deadline for the deliverable since we're behind.  I'll forward some
suggested changes to you soon,


Thanks,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ "Rossetti, Johna LT" ---05/31/2011 09:42:16 AM---Hi, Richard.  Thanks for the
clarification.  What date should we (USCG) anticipate seeing a copy?  E


From:    "Rossetti, Johna LT" <Johna.N.Rossetti@uscg.mil>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    05/31/2011 09:42 AM
Subject:    RE: LST 1166 EECA
Sent by:    Johna.N.Rossetti@uscg.mil


Hi, Richard. 


Thanks for the clarification.  What date should we (USCG)
anticipate seeing a copy?  End of this week or beginning of next
week (June 6)? 


Best regards, 
Johna


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Friday, May 27, 2011 2:01 PM
To: Rossetti, Johna LT
Subject: Re: LST 1166 EECA


Hi Johna,
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I think we've missed on this, or I was not clear - and if so, I
apologize.  We did receive the draft EE/CA from our contractor
this
week, but I thought I had told Kelly that I was going to submit
it for
internal EPA review this week, then make corrections, then get
it to
USCG.  I did submit it to the other involved EPA programs (Ocean
Dumping, Legal, etc), this past Wednesday.  I have already
gotten
several comments back from our various programs and will
hopefully have
all by Tuesday next week.  Then we make corrections, then get
the
pre-final draft to USCG.


Thanks Johna.  Please call or email with any other questions you
may
have.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:         "Rossetti, Johna LT" <Johna.N.Rossetti@uscg.mil>
To:         Richard Franklin/R10/USEPA/US@EPA
Cc:         "Rossetti, Johna LT" <Johna.N.Rossetti@uscg.mil>
Date:         05/27/2011 08:48 AM
Subject:         LST 1166 EECA
Sent by:         Johna.N.Rossetti@uscg.mil


Hi, Richard.


LCDR Kelly Thorkilson is out of the office until the 7th of June
but she
mentioned that you were planning on having the EECA to her
sometime this
week.  When you have that ready to send, would you please send
to me?


Thanks!


Very respectfully,
Johna


LT Johna N. Rossetti
USCG Sector Columbia River
Incident Management Division
Assistant Division Chief
PH:  503.861.6142
Johna.N.Rossetti@uscg.mil








From: Calvin Terada
To: Byers, David (ECY)
Cc: Sachet, Jim (ECY); Layman, Mark A. (ECY); Richard Franklin; Chris Field; Earl Liverman
Subject: Re: LST 1166
Date: 07/13/2011 09:21 AM


Dave,


My best recommendation is to ask Kelly T at the Sector if you can have a copy.  The
Sector requested us to conduct the EECA and we provided them with their product a
few weeks ago.  Since the EECA is the Sector's document, it would be most
appropriate to direct you to Kelly, Ryan, or anyone in IMD.  If you run into a snag,
please let me know.


Calvin
_________________________________________
Calvin J. Terada, Manager
Emergency Response Unit
U.S. Environmental Protection Agency - Region 10
1200 Sixth Avenue, Suite 900, ECL-116
Seattle, WA  98101
(O) (206) 553-4141
(C) (206) 790-7806
(F) (206) 553-0175
(24-hr) (206) 553-1263
(National Response Center) (800) 424-8802


▼ "Byers, David (ECY)" ---07/13/2011 09:10:21 AM---Calvin - I understand that
there is a draft EECA out for the LST 1166. How would I get my hands on a


From:    "Byers, David (ECY)" <DBYE461@ECY.WA.GOV>
To:    Calvin Terada/R10/USEPA/US@EPA
Cc:    "Sachet, Jim (ECY)" <jsac461@ECY.WA.GOV>, "Layman, Mark A.
(ECY)" <MLAY461@ECY.WA.GOV>
Date:    07/13/2011 09:10 AM
Subject:    LST 1166


Calvin – I understand that there is a draft EECA out for the LST 1166.  How would I
get my hands on a copy?  


 
The media attention surrounding the Davy Crockett has raised the awareness of
large derelict vessel issues to our Governor’s office, and this issue was on the agenda
of a recent conversation between the WA and OR Governors.  The information in
your draft EECA would help me provide accurate information to my Gov. regarding
disposal options and costs.


 
Thanks
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From: Richard Franklin
To: SFuller@TechLawInc.com
Subject: Fw: Proposed dump site for LST-1166
Date: 06/22/2011 04:13 PM
Attachments: Map.pdf


Picture 3.pdf


See attachments below...the real maps.  Please use these also for the EE/CA instead
of the one generated by TechLaw.


Thanks,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/22/2011 04:12 PM -----


From:    "Ruth.Yender" <Ruth.Yender@noaa.gov>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    06/22/2011 04:04 PM
Subject:    Fwd: Proposed dump site for LST-1166


>>
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46° 20'N by 
125° 26'W



57 nm from Columbia 
River entrance













About 1000 
fathoms deep













From: Rossetti, Johna LT
Sent By: Johna.N.Rossetti@uscg.mil
To: Richard Franklin
Subject: RE: LST 1166 EECA
Date: 05/31/2011 09:42 AM


Hi, Richard. 


Thanks for the clarification.  What date should we (USCG) anticipate seeing a copy?  End of this 
week or beginning of next week (June 6)? 


Best regards, 
Johna


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov [mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Friday, May 27, 2011 2:01 PM
To: Rossetti, Johna LT
Subject: Re: LST 1166 EECA


Hi Johna,


I think we've missed on this, or I was not clear - and if so, I
apologize.  We did receive the draft EE/CA from our contractor this
week, but I thought I had told Kelly that I was going to submit it for
internal EPA review this week, then make corrections, then get it to
USCG.  I did submit it to the other involved EPA programs (Ocean
Dumping, Legal, etc), this past Wednesday.  I have already gotten
several comments back from our various programs and will hopefully have
all by Tuesday next week.  Then we make corrections, then get the
pre-final draft to USCG.


Thanks Johna.  Please call or email with any other questions you may
have.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:   "Rossetti, Johna LT" <Johna.N.Rossetti@uscg.mil>
To:     Richard Franklin/R10/USEPA/US@EPA
Cc:     "Rossetti, Johna LT" <Johna.N.Rossetti@uscg.mil>
Date:   05/27/2011 08:48 AM
Subject:        LST 1166 EECA
Sent by:        Johna.N.Rossetti@uscg.mil


Hi, Richard.


LCDR Kelly Thorkilson is out of the office until the 7th of June but she
mentioned that you were planning on having the EECA to her sometime this
week.  When you have that ready to send, would you please send to me?


Thanks!


Very respectfully,
Johna


LT Johna N. Rossetti
USCG Sector Columbia River
Incident Management Division
Assistant Division Chief
PH:  503.861.6142
Johna.N.Rossetti@uscg.mil
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From: Richard Franklin
To: Steve Fuller
Subject: Re: LST 1166
Date: 05/17/2011 03:02 PM


I thought so. Thanks.


  From: "Fuller, Steve" [SFuller@TechLawInc.com]
  Sent: 05/17/2011 05:50 PM AST
  To: Richard Franklin
  Subject: FW: LST 1166


Both, see below.
 


From: Martin, Bradley 
Sent: Tuesday, May 17, 2011 2:36 PM
To: Fuller, Steve
Subject: FW: LST 1166
 
 
 
Bradley K. Martin
TechLaw, Inc.
205 W. Wacker Drive, Suite 1622
Chicago, Illinois 60606
bmartin@techlawinc.com
312.345.8960 (Direct)
312.345.8979 (Fax)
www.techlawinc.com
From: Jack Billings [mailto:jbillings8@juno.com] 
Sent: Sunday, May 15, 2011 9:59 PM
To: Martin, Bradley
Subject: RE: LST 1166
 
Brad,
 
For work in Oregon.
 
Alpine Abatement Associates, Inc. / CCB # 65094 / DEQ FSC 554
 
Alpine has completed several special projects for the EPA.
 
My company in California is Allied Defense Recycling, LLC.  I have three partners, 2 are
retired Naval Officers and the other owns Alliance Metals in Oakland, CA.  Between the 4 of
us we have over 100 years experience in dealing with problems like the LST.
 
ADRs most important approval is the one with the Maritime Administration or MARAD. 
We are the only certified facility on the West Coast for recycling MARAD controlled
vessels.  We also hold Master Ship Repair status with MARAD.  ADR is the only privately
owned company in the United States that is currently recycling retired Naval vessels in a
Graving Dock (completely out of the water).  We currently have 2 former MARAD vessels in



mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US

mailto:SFuller@TechLawInc.com

mailto:bmartin@techlawinc.com

http://www.techlawinc.com/





dock at Mare Island, totally over 17,000 long tons.  A list of approvals, licenses and permits
that ADR had to acquire prior to opening the Mare Island facility follows:
 
NPDES / Order No. R2-2008-0062 / NPDES NO. CA0030171
Navy License / N4769210RP10P42
EPA ID / No. CAL000361183
Business License / City of Vallejo, CA / 11-00010779
Use Permit / 08-0008
California Sellers Permit / JHF 101-688974
USACE Dredging Permit No. / 2008-00311N
California Fish and Game Take Permit / ITP 2081-2010-009-07
Federal Tax ID No. / 37-1570752
California Employer ID No. / 314-6063-7
 
ADR holds over $15,000,000 in Pollution Liability insurance along with a host of other types
of insurance required for this type of operation including Workers Comp/L&H coverage.
 
My estimate for completing the foam removal where she sets / $2,530,000.00
 
Thanks,
Jack R. Billings
Contracting Officer / ADR, LLC
  
 
 


---------- Original Message ----------
From: "Martin, Bradley" <BMartin@TechLawInc.com>
To: "Jack Billings" <jbillings8@juno.com>
Subject: RE: LST 1166
Date: Fri, 13 May 2011 15:43:00 -0500


Thanks Jack – Not to be a pest, but we are going to be sending in a new report to EPA on Tuesday of
next week.  Thanks again, Brad
 
Bradley K. Martin
TechLaw, Inc.
205 W. Wacker Drive, Suite 1622
Chicago, Illinois 60606
bmartin@techlawinc.com
312.345.8960 (Direct)
312.345.8979 (Fax)
www.techlawinc.com
From: Jack Billings [mailto:jbillings8@juno.com] 
Sent: Tuesday, May 10, 2011 4:24 PM
To: Martin, Bradley
Subject: RE: LST 1166
 
Brad,
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I will send you a list.
 
Jack 
 
 


---------- Original Message ----------
From: "Martin, Bradley" <BMartin@TechLawInc.com>
To: "Jack Billings" <jbillings8@juno.com>
Subject: RE: LST 1166
Date: Tue, 10 May 2011 11:22:36 -0500


Thanks Jack!  Since we last spoke, I had another question for you (not costs this time!)…What is
government agency/entity that permits your type of facility?  We wanted to make sure our report is
referencing the correct agency.
 
Thanks again, Brad
 
Bradley K. Martin
TechLaw, Inc.
205 W. Wacker Drive, Suite 1622
Chicago, Illinois 60606
bmartin@techlawinc.com
312.345.8960 (Direct)
312.345.8979 (Fax)
www.techlawinc.com
From: Jack Billings [mailto:jbillings8@juno.com] 
Sent: Tuesday, May 10, 2011 9:20 AM
To: Martin, Bradley
Subject: LST 1166
 
Brad,
 
Just letting you know that I am working on the foam removal with the vessel in place.  I am
having some trouble nailing down the price of support barges and transportation costs, (to and
from the vessel).
 
I will be in touch.
 
Jack 
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From: Richard Franklin
To: SFuller@TechLawInc.com
Subject: Fw: [Fwd: Re: Proposed dump site for LST-1166]
Date: 06/22/2011 04:11 PM


Here it is.  Is email exchanges and associated info.  See entire email string from bottom.  Shows work with NOAA,
NMFS, lat/long of site, etc.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/22/2011 04:10 PM -----


From:    "Ruth.Yender" <Ruth.Yender@noaa.gov>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    06/22/2011 04:01 PM
Subject:    Fwd: [Fwd: Re: Proposed dump site for LST-1166]


Begin forwarded message:


From: Steve Copps <Steve.Copps@noaa.gov>
Date: June 16, 2009 9:33:55 AM PDT
To: "John.Stadler" <John.Stadler@noaa.gov>
Cc: Barbara Seekins <Barbara.Seekins@noaa.gov>, Ruth Yender <Ruth.Yender@noaa.gov>, Frank Lockhart
<Frank.Lockhart@noaa.gov>
Subject: Re: [Fwd: Re: Proposed dump site for LST-1166]


Ruth, the dump site appears to be fine from our perspective.  It's worth checking with the tribes if you haven't done so
already.
thanks,
Steve


John.Stadler wrote: 
All,
I am not sufficiently familiar with the regulated areas off the coast to be able to answer the questions.  This is
more up Steve's alley than mine, and I will leave it to him to answer the questions.
Regards,
John 


-------- Original Message -------- 
Subject: Re: Proposed dump site for LST-1166


Date: Mon, 15 Jun 2009 17:58:16 -0700
From: Barbara Seekins <Barbara.Seekins@noaa.gov>


To: John.Stadler <John.Stadler@noaa.gov>
CC: Steve Copps <Steve.Copps@noaa.gov>


References: <23F6BB28EE58714591474EBBA0E66FC0038CE782@emo-exmb-m-502.main.ads.uscg.mil> <5FCC114B-
CD71-4BFC-96D8-
AAFB75D6E1B4@noaa.gov> <4A329DAB.5040301@noaa.gov> <4A329E5D.7030504@noaa.gov> <9B667222-
7DAE-419A-B515-3BFA03FC91DC@noaa.gov> <4A32BCDE.5050604@noaa.gov>


Hi John,
   I've attached a draft map that should be helpful. I don't believe 
that this site would conflict with any MPAs or Tribal U & As but I 
probably need to do a little more checking to confirm that. There are 
new RCAs that have not yet been converted to GIS format so they are not 
reflected in this map image. Just wanted to send this along to get you 
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started.
    Regards. 
               Barb


John.Stadler wrote:
> Hi Ruth,
>
> I am in Lacey and don't have access to any offshore charts, and don't 
> know the coordinates of MPAs, Tribal U&As, rockfish conservation areas 
> (RCAs) or areas that are closed to bottom contact gear.  Keep in mind 
> that all marine waters off the coast of Washington/Oregon/California 
> less than 3500 m deep are designated as EFH for groundfishes.  If you 
> are deeper than that, then you will not be in groundfish EFH. If it is 
> not in EFH, it would not be in a RCA or an area closed to bottom 
> contact gear.  And I suspect that there are no MPAs or Tribal U&As in 
> water deeper than 3500 m, but don't know for certain.
>
> The area would still be EFH for Pacific Coast salmon and Coastal 
> Pelagic Species (which currently go out to the EEZ line), but I doubt 
> that scuttling this ship would have adverse effects to EFH for these 
> species unless there was some type of spill or leak associated with 
> the scuttling.
>
> After sending my previous message, I tried to use the Pacific States 
> Marine Fisheries Commission website.  This site has an interactive 
> mapping tool for their Pacific Coast Marine Habitat Program that was 
> developed for the Groundfish EIS.  I believe it shows MPAs and the 
> closed areas, but not Tribal U&As.  Unfortunately, it is currently 
> down for maintenance.  The URL is: 
> http://marinehabitat.psmfc.org/interactive-maps.html.  I suggest you 
> keep an eye on it so you can try it when it comes back up. 
>
> If that doesn't work, Barb should be able to help.
>
> Regards,
> John
>
> Ruth.Yender wrote:
>> Hi John,
>>
>> Just taking a look at the coordinates on a chart should suffice.  We 
>> have one out in our conference room in Building 3 of the Hazmat 
>> offices at the WRC (not sure where you are located) - or we could 
>> plot it up on a chart and send it to you if you don't have a NOAA 
>> chart for the area.
>>
>> Thanks,
>> Ruth
>>
>> Ruth Yender
>> Scientific Support Coordinator for the Northwest and Oceania
>> Emergency Response Division
>> NOAA Office of Response and Restoration
>> 7600 Sand Point Way NE
>> Seattle, WA 98115
>> Office:  (206) 526-6081
>> Cell:  (206)849-9926
>> Fax:  (206)526-6349
>> 24 Hour Emergency:  (206)526-4911
>>
>>
>>
>> On Jun 12, 2009, at 11:28 AM, John.Stadler wrote:
>>
>>> Steve,
>>> I don't have any mapping capabilities. 
>>> Sorry,
>>> John
>>>
>>> Steve Copps wrote:
>>>> Hi Ruth, I've cc-d John Stadler and Barb Seekins for their help on 
>>>> this.  
>>>>
>>>> John/Barb, can you map this and see how it relates to our MPAs, 
>>>> EFH, tribal U&As etc.? 
>>>>
>>>> Ruth.Yender wrote:
>>>>> Hi Steve,
>>>>>
>>>>> Please see the message below from US Coast Guard Sector Portland. 
>>>>>  This is a vessel that was abandoned years ago in the Columbia 
>>>>> River that became a dumping and meth lab nuisance.  Coast Guard 
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>>>>> has been cleaning the vessel up and would like to tow it out and 
>>>>> scuttle it (not doing this imminently - not an emergency).  
>>>>> From an oceanographic perspective - we have no objections to their 
>>>>> proposed scuttling location (deep and pretty far offshore).  Would 
>>>>> this location be a concern from an EFH perspective?
>>>>>
>>>>> Regards,
>>>>> Ruth
>>>>>
>>>>> Ruth Yender
>>>>> Scientific Support Coordinator for the Northwest and Oceania
>>>>> Emergency Response Division
>>>>> NOAA Office of Response and Restoration
>>>>> 7600 Sand Point Way NE
>>>>> Seattle, WA 98115
>>>>> Office:  (206) 526-6081
>>>>> Cell:  (206)849-9926
>>>>> Fax:  (206)526-6349
>>>>> 24 Hour Emergency:  (206)526-4911
>>>>>
>>>>>
>>>>>
>>>>> Begin forwarded message:
>>>>>
>>>>>> *From: * "Griggs, James MSTC" <James.P.Griggs@uscg.mil 
>>>>>> <mailto:James.P.Griggs@uscg.mil>>
>>>>>> *Date: * June 11, 2009 10:13:29 AM PDT
>>>>>> *To: * Ruth Yender <Ruth.Yender@noaa.gov 
>>>>>> <mailto:Ruth.Yender@noaa.gov>>
>>>>>> *Cc: * "Edwards, Shaun LT" <Shaun.L.Edwards@uscg.mil 
>>>>>> <mailto:Shaun.L.Edwards@uscg.mil>>
>>>>>> *Subject: * *Proposed dump site for LST-1166*
>>>>>>
>>>>>> You are probably tired of hearing from me, but we need to know if 
>>>>>> this site
>>>>>> would be acceptable to dump the LST-1166, a 373.9 foot long vessel.
>>>>>>
>>>>>> The site I have identified is 46 degrees 20 minutes North, 125 
>>>>>> degrees 26
>>>>>> minutes West.
>>>>>>
>>>>>> Thank you,
>>>>>>
>>>>>> v/r
>>>>>>
>>>>>> MSTC James "Pat" Griggs
>>>>>> Sector Portland
>>>>>> Incident Management Response
>>>>>> Phone: 503-240-2562
>>>>>> Fax:   503-240-9308
>>>>>>
>>>>>> "Don't part with your illusions. When they are gone you may still 
>>>>>> exist, but
>>>>>> you have ceased to live." ~ Mark Twain
>>>>>>
>>>>>
>>>
>>> -- 
>>> ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
>>>
>>> Many men go fishing all of their lives without
>>> knowing that it is not fish they are after.
>>>       -- Henry David Thoreau
>>>
>>> John H. Stadler, Ph.D.
>>> NW Regional Essential Fish Habitat Coordinator
>>> Washington State Habitat Office
>>> National Marine Fisheries Service
>>> 510 Desmond Drive SE, Suite 103
>>> Lacey, WA  98503
>>>
>>> Phone:         360-753-9576
>>> Fax:         360-753-9512
>>> Email:         john.stadler@noaa.gov <mailto:john.stadler@noaa.gov>
>>>     
>>
>
> -- 
> ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
>
> Many men go fishing all of their lives without
> knowing that it is not fish they are after.
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>       -- Henry David Thoreau
>
> John H. Stadler, Ph.D.
> NW Regional Essential Fish Habitat Coordinator
> Washington State Habitat Office
> National Marine Fisheries Service
> 510 Desmond Drive SE, Suite 103
> Lacey, WA  98503
>
> Phone:         360-753-9576
> Fax:         360-753-9512
> Email:         john.stadler@noaa.gov <mailto:john.stadler@noaa.gov>
>   


  


-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


Many men go fishing all of their lives without
knowing that it is not fish they are after.
      -- Henry David Thoreau


John H. Stadler, Ph.D.
NW Regional Essential Fish Habitat Coordinator
Washington State Habitat Office
National Marine Fisheries Service
510 Desmond Drive SE, Suite 103
Lacey, WA  98503


Phone:         360-753-9576
Fax:         360-753-9512
Email:         john.stadler@noaa.gov
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From: Jonathan Freedman
To: Richard Franklin
Cc: Mary Queitzsch; Christine Reichgott
Subject: Re: LST-1166 EE/CA
Date: 05/26/2011 03:19 PM


Richard - I'm using Mary's review as a quick guide.  My main comment is since the
costs are relatively close, if our program is allowed to exercise discretion and BPJ,
my opinion is the scrapping option is strongly preferred.  Ocean disposal does not
appear to be a last resort here, it is one of several viable options,  We shouldn't
default to it.


I was told by Region 4 that elevated PCBs were showing up around the Oriskany in
water and maybe sediments.  At least raw data must be available to include in
report.  I also thought the vessel was afloat when we were on it.


PCBs are not an actionable chemical of concern ? - pg. 13


pg. 18- PCB wiring may be in a lot of places we didn't see.  Ocean disposal with
limited decon means possibly lots of PCBs go down with it.  Under ODA,
encapsulation would be required for exposed wiring with PCBs but if 50 ppm, that
still violates TSCA.   If it's limited (radio room etc.), that should come out easily.  I
wouldn't anticipate sludge to be a major problem if they are just petroleum products.


pg. 21 - a whole lot of process steps required before ocean disposal.  This needs to
be discussed in the EECA !  The boat can't just be hauled out just like that.  See
conditions in GPermit and Mary's comment.  A couple of important things, we and
the USCG have to agree it's clean.  On this one, we'd want to make sure the USCG
is good with the tow plan, they are absolutely confident it can get to the disposal
site.  We would not want to lose this one !!


Jonathan Freedman    (206) 553-0266
USEPA, Region 10
Sediment Management Program
1200 Sixth Avenue, Suite 900 
ETPA - 083
Seattle WA  98101
freedman.jonathan@epa.gov
FAX:  (206) 553-1775


▼ Richard Franklin---05/25/2011 06:57:45 PM---Hi All, Attached below is the draft
Version of the Engineering Evaluation and Coat Analysis (EE/CA)


From:    Richard Franklin/R10/USEPA/US
To:    Chris Field/R10/USEPA/US@EPA, Earl Liverman/R10/USEPA/US@EPA,
Mary Queitzsch/R10/USEPA/US@EPA, Jonathan
Freedman/R10/USEPA/US@EPA, irizarry.gilberto@epa.gov
Cc:    Wally Moon/R10/USEPA/US@EPA, Calvin Terada/R10/USEPA/US@EPA,
Christine Reichgott/R10/USEPA/US@EPA
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Date:    05/25/2011 06:57 PM
Subject:    LST-1166 EE/CA


Hi All,


Attached below is the draft Version of the Engineering Evaluation and
Coat Analysis (EE/CA) for the LST-1166 for your review and comment. 
Also, I have included a Word version of the document with the cost
estimate tables as a separate Excel file, as well as a PDF version that
includes the cost estimate tables in the document


 As you may recall, the LST is an abandoned, former US Navy ship
(LST) which is moored illegally on the Oregon side of the lower
Columbia River, across from Longview, WA and a brief hop down river
from Rainier, OR.  The vessel is in broad state of disrepair, has
apparent holes in the hull, and has been a platform for thieves, illegal
scrappers, and drug use.  Due to an oil spill from the vessel, the USCG
responded and conducted an emergency removal of oil and hazmat
onboard the vessel.  Over $5MM has been spent on response and
removal activities.  The main pollutants of concern remaining on the
vessel  are PCB paint on the interior, PCB-laced asbestos-wrapped
wiring, and some oily water on the lower two decks due to flooding. 
All other oils and hazmat was previously removed, however, the vessel
remains a problem for the area in several ways.  It remains a high
visibility and high priority site for USCG and EPA and our federal family.


The vessel is located squarely in the USCG jurisdiction and is in their
Area of Responsibility (AOR).  They are the Federal On-Scene
Coordinator for response and removal actions, and have federalized the
vessel site due to a non-viable and non-responsive RP.  After the initial
response by USCG, the USCG wished to scuttle the vessel at a site
approved by NOAA, 65 miles offshore and in 6,000 ft of water. 
However, they had not met the general permit for Ocean dumping, and
of course the vessel had PCBs on-board.  The USCG then requested
EPA's assistance in conducting the EE/CA, which a  Superfund
(CERCLA/NCP), well established tool and mechanism required for non-
time-critical removals.  The EE/CA is to determine disposal options,
cost, streamlined risk evaluation, and implementability for those
disposal options.  EPA Superfund is essentially working as USCG's
contractor under terms of a Pollution Removal Funding Authorization to
research and prepare the EE/CA, which is attached below.


We are under a very tight schedule in preparing this deliverable to the
USCG, and so I would request that all comments be returned to me by
Wednesday June 1.  I would prefer redline-strike versions, and
consolidation of comments from any one EPA program.  Once we get
comments, we will then prepare a pre-final draft for delivery to the
USCG.  We may also convene a quick, but limited meeting to discuss
the EE/CA, options and approach.  I hope I haven't missed anyone
crucial to this project on this email.  If so, please forward on.







Thanks in advance for all your help and work on this,


[attachment "Copy of LST1116 Cost Est Tbls.xlsx" deleted by Jonathan
Freedman/R10/USEPA/US] [attachment "LST-1166_EECA_Rev 2.docx" deleted by
Jonathan Freedman/R10/USEPA/US] [attachment "LST-1166_EECA_Rev 2.pdf"
deleted by Jonathan Freedman/R10/USEPA/US] 


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 








From: Fuller, Steve
To: Earl Liverman
Cc: Richard Franklin
Subject: RE: LST ARARs
Date: 05/17/2011 09:35 AM


Thanks Earl,


That was fun yesterday.  I don't see a blurb on 2 yrs./$2M in the
attachments.  How were the oysters?


Best,
Steve


-----Original Message-----
From: Liverman.Earl@epamail.epa.gov
[mailto:Liverman.Earl@epamail.epa.gov] 
Sent: Tuesday, May 17, 2011 6:23 AM
To: Fuller, Steve
Subject: LST ARARs


Use the following outline for a discussion of ARARs.  Revise to fit USCG
and Dept of Commerce, where appropriate.  In addition, please develop a
narrative for the Marine Mammal Protection Act, the Magnuson-Stevenson
Fishery Conservation and Management Act, and Fish and Wildlife
Coordination Act. Thanks.


(Embedded image moved to file: pic28082.gif)


(Embedded image moved to file: pic01954.gif)


(Embedded image moved to file: pic16085.gif)


(Embedded image moved to file: pic20710.jpg)(Embedded image moved to
file: pic24484.jpg)(Embedded image moved to file: pic24774.gif)


(Embedded image moved to file: pic08380.jpg)
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From: Richard Franklin
To: Steve Fuller
Subject: Fw: ex-oriskany
Date: 06/06/2011 09:09 AM
Attachments: 160410WernerHoytExpertOpinion.pdf


AssessingEcologicalRisks_SPAWAR.pdf
CVA34FinSrceTermReportrev4.pdf
pcbs shallow water.pdf
PERCH_Accumulation_of_pollutants_in_fish_and_shellfish.pdf
PERCHatlasHC.pdf
tp_170 artificial reef summit_web.pdf
dtic mil pcb study puget sound.pdf


See below.  Thanks.
▼ Mary Queitzsch


    ----- Original Message -----
    From: Mary Queitzsch
    Sent: 06/06/2011 09:06 AM PDT
    To: Richard Franklin
    Cc: Dave Bartus
    Subject: Re: ex-oriskany


Richard,
Here are some of what appear to me to be relevant and recent
articles/data on Oriskany and pcbs out of the many that were located
in about 20 seconds using the search term "oriskany pcbs" using
google as a search engine. You can sort through the attached files and
share the relevant files from your perspective with the contractors. The
first file is looking at disposal of another vessel based on the Oriskany
experience. 


Mary Stroh Queitzsch
Office of  Regional Counsel
U.S. EPA, Region 10
1200 Sixth Avenue, Suite 900, ORC-158
Seattle, Washington  98101-3140
phone  (206) 553-0145
fax        (206) 553-1762


** Confidentiality Notice:  This email may contain information that is
privileged, confidential or exempt from disclosure from applicable law.  


▼ Richard Franklin---06/03/2011 05:16:31 PM---Hey Mary - do you have a web link
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INTRODUCTION 
 
This report will outline the use of PCBs as they impact the HMAS Adelaide relating status of 
manufacturing, purchasing, construction to the phase out of PCBs in the United States and in 
Naval/Commercial Ship construction in the United States. 
 
The following information is attached: 



Annexure A – Resume 
Annexure B – Letter of Instructions 
Annexure C – NAVSEA Advisory 95-1 
Annexure D – USEPA Press Release 19 April 1979 
Annexure E – PCB Monitoring on the Oriskany Reef 
Annexure F – Sample Chain of Custody 
Annexure G – Adelaide drawing with notes on locations of RPC & MSDS 



 
In addition to the documents referred to in the Letter of Instructions from the Applicant's 
solicitors (Annexure B), I have subsequently been provided with the following documents: 
 



1. Section 37 Documents (T Documents): 
a. T55 – Email by N Heise, Ex HMAS Adelaide Artificial Reef Project  - Lead Ballast, 



23/09/09,  
b. T56 – Email by T Venables, Ex HMAS Adelaide Artificial Reef Project  - Lead 



Ballast, 25/09/09,  
c. T58 – Email by J Polglaze, Ex HMAS Adelaide Artificial Reef Project  - Lead 



Ballast,  
d. T115 – Material Safety Data Sheets,  
e. T142 – Email by D Venables, Ex HMAS Adelaide: PCB Testing,  04/03/10, 
f. T159 – email by N Heise, Ex HMAS Adelaide - Cabling Removes, 10/03/10,  
g. T167 – Email by D Venables, HMAS Adelaide Process, 12/03/10, 
h. T186 – File Note by D Venables, 17/03/10; 



2. Daily worksheets of material removed from the ex-HMAS Adelaide (62 files between 1 
September 2009 and 9 February 2010); 



3. Summary spreadsheet of the weights removed from the ex-HMAS Adelaide August 2009 – 
February 2010 (“weight removal log”); 



4. Waste consignment notes showing waste material removed from the ex-HMAS Adelaide 
(18 dockets); 



5. Stevens (2001) The Royal Australian Navy, pages 220, 221, 224. 
6. Affidavit of Mr Quentin Riley dated 15 March 2010 (and electronic copies of the photos in 



the Annexures to that affidavit). 
 
Basic Information: Polychlorinated Biphenyl (PCB) PCBs belong to a broad family of man-made 
organic chemicals known as chlorinated hydrocarbons. PCBs also classified as Persistent Organic 
Pollutants (POPS).  PCBs were domestically manufactured from 1929 until their manufacture was 
banned in 1979. They have a range of toxicity and vary in consistency from thin, light-colored 
liquids to yellow or black waxy solids. Due to their non-flammability, chemical stability, high 
boiling point, and electrical insulating properties, PCBs were used in hundreds of industrial and 
commercial applications including electrical, heat transfer, and hydraulic equipment; as plasticizers 
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in paints, plastics, and rubber products; in pigments, dyes, and carbonless copy paper; and many 
other industrial applications.1 



 
 
1. EX-HMAS ADELAIDE 
 
1.1 Type of vessel 
 
HMAS Adelaide2  is an FFG-7 Oliver Hazard Perry3 Class Gas Turbine Frigate Built for the Royal 
Australian Navy. The FFG-7 class consisted of 55 ships, 51 delivered to the US Navy and 4 
delivered to the Royal Australian Navy. Construction of the first ship began in 1975 and was 
commissioned in 1977, with the last ship constructed in the class of ships completed at Todd 
Shipyard Los Angeles and commissioned on 5 August 1989. 
 



                                                 
1 http://www.epa.gov/epawaste/hazard/tsd/pcbs/pubs/about.htm 
2 The Royal Australian Navy, David Stevens, 2001, p. 220 
3 http://www.fas.org/programs/ssp/man/uswpns/navy/surfacewarfare/FFG7_oliverhazardperry.html 
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1.2 Vessel characteristics4 
 



Displacement 4,100 tonne 



Length  138 metres (453 ft) 



Beam 14.3 metres (47 ft) 



Draught 7. 5 metres (25 ft) 



Propulsion 2 × General Electric LM2500 gas turbines, each providing 
20,500 horsepower (15,287 kW). Total 41,000 horsepower (30,574 kW) 



Speed: Over 30 knots (56 km/hr) 



Complement 221 



Sensors and processing systems AN/SPS-49; AN/SPS-55; AN/SQS-56; AN/SLQ-32(V)2 



Armament: 



• Mk 13 launcher for Harpoon and SM-1MR missiles 
• 1 × 76 mm OTO Melara gun 
• 1 × 20 mm Mk 16 Mod 2 Phalanx CIWS 
• 2 x triple 324 mm Mk 32 torpedo tubes 



Aircraft carried: 2 x S-70B Seahawk 



 
1.3 Breakdown of major ship components 
 



Table 1.3  
Materials Weight Data from Naval Institute Press Sources, 



Gas-Turbine Powered Frigates and Destroyers 
(percentage of LSW)5 



 FFG7 Perry  DD963 Spruance Gas Turbine  
ESWBS  (2,648 LSW tons)  (5,826 LSW 



tons)  
DD/FF 
Avgs.  



1: Hull and structure  47  53  50  
2: Propulsion  10  13  12  
3: Electrical  4  5  5  
4: Cmd/surv  4  6  5  
5: Aux  17  13  15  
6: Outfitting  12  8  10  
7: Armament  4  3  4  
Margin  —  —   



 
 
1.4 Details of construction 
 
Four ships of the FFG-7 Class were constructed by Todd Shipyard, Seattle, USA.  FFG-17 Hull 
became the HMAS Adelaide (FFG-01), the first of the four ships to be delivered to the Royal 
Australian Navy.  US Hull number 17, 18, 35, and 44 became the RAN FFG-1 class, an additional 
two hulls were built in Australia under license. 



The following cite from Stevens (2001): 



The order was placed with Todd Pacific Shipyards at Seattle, Washington in February 1976. 
Adelaide was laid down to the Perry class' Flight I design on 29 July 1977, launched on 21 June 
1978, and commissioned into the Royal Australian Navy on 15 November 1980. During 
                                                 
4 The Royal Australian Navy, David Stevens, 2001, p. 22 
5 Hess, R. et. al. (2001) Disposal options for ships.  Appendix B Table B.4  
http://www.rand.org/monograph_report/MR1377/MR1377.appb.pdf 
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construction, she was identified with the United States Navy hull number FFG-17. Three more 
Adelaide class ships were constructed by Todd Pacific, with a further two built by Australian 
shipbuilder AMECON. 



1.5 Modifications made to the ship after it was commissioned in 1980  
 
PERRY-class ships were produced in two variants, known as "short-hull" and "long-hull", with the 
later variant being eight feet longer than the short-hull version. The long-hull ships [FFG 8, 28, 29, 
32, 33, 36-61] carry the SH-60B LAMPS III helicopters, while the short-hull units carry the less-
capable SH-2G. These ships have a full load displacement of that ranges from 3,658 tons to 4,100 
tons, are either 445 or 453 feet in overall length, have a 45 foot beam and a draft of 22 feet.6 
 
Adelaide’s present displacement of 4100 LT indicates that she was constructed as a long hull or 
later the conversion from short hull to long hull was accomplished. 
 
The bulk of PCBs would have been contained in the ship’s power and distribution wiring harness. 
This use would have accounted for approximately 95% of the total PCBs onboard.7 
 
Various systems upgrades modified warfare capabilities to maintain warfare proficiency.  Upgrades 
installed after the mid-1980 would have reduced the quantities of PCBs onboard both solid/liquid as 
new equipment with fewer PCBs or PCB free was installed.8   
 
As part of the equipment upgrade process electronic and weapon systems were exchanged as part of 
the overhaul process under Naval Sea Systems Command (NAVSEA) logistics support for 
equipment overhaul. Upgrades were typically on a 3 to 5 year cycle. The NAVSEA division 
NAVELEX (Naval Electronics) is currently NAVSEA SPAWAR (Space and Warfare) Division. 
This division continues accomplished depot level maintenance for Radar Systems, Command and 
Control Systems, Communications Systems, and Weapons Systems either directly or through 
defense contractor support9.  
 
Impact in reduction of PCBs through maintenance and modernization is considered minor as it 
impacted 5% or less of the total PCBs onboard10. 
 
 
2. PCB use in ships constructed in the US in the 1970s 
 
2.1 General comment: PCBs due to both their electrical properties as well as their fire retardant 



properties were utilized extensively in both Naval and Commercial Ship Construction.  PCB 
control and management had become a major priority with the US Navy in the early 1990’s 
due to the problems presented in waste stream management, disposal, and regulatory 
compliance as well as personnel safety.   



 



                                                 
6 http://www.fas.org/programs/ssp/man/uswpns/navy/surfacewarfare/FFG7_oliverhazardperry.html 
7 Experts experience in the relative quantities of PCBs encountered shipboard.  Breaking 4 Knox Class ships in 2000-
2009 and  
8 Expert’s experience as a US Naval Engineering Duty Officer in executing ship repair and modernization at Long 
Beach Naval Shipyard, Mare Island Shipyard, US Naval Ship Repair Facility Subic Bay, Supervisor of Shipbuilding, 
Conversion and Repair,Long Beach,  Cascade General Shipyard, Portland Oregon. 
9 Expert’s - Ship repair Experience 
10 Expert’s estimate based on experience. 
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2.2 Use of PCBs in ships constructed in the US after the 1973 OECD Agreement: protection of 
the Environment by Control of Polychlorinated Biphenyls 



 
I have read the 1973 OECD agreement in its entirety. The agreement did not ban PCBs completely. 
It established a process for control, import, export, and handling. Part 1 was an agreement to ban 
use of most PCBs. 
 
Continued use of PCBs was allowed under para 1 of the OECD decision regarding PCBs.   



1. Member countries shall ensure that in their respective territories, 
Polychlorinated Biphenyls (PCBs) shall not be used for industrial or 
commercial purposes, except in the following categories of use:  



a) Dielectric fluids for transformers or large power factor correction 
capacitors;  



b) Heat transfer fluids (other than in installations for processing of foods, 
drugs, feeds and veterinary products);  



c) Hydraulic fluids in mining equipment;  



d) Small capacitors (subject to the provisions of Section II.2 below); 



The allowed uses fall into applications heavily utilized for industrial purposes under which both 
naval and commercial shipping construction fall. Many countries and manufacturers construed this 
to apply to the manufacture of electrical cabling – solid matrix11 application.  The use of liquid 
PCBs with felt gaskets would have been covered by the agreement and not considered an exception. 
 
Para 2 of OECD outlined goals and invited members to submit reports in 1974, 1975 and 1976 
regarding status.  
 
The 1973 OECD agreement was not ratified by many of the countries manufacturing PCBs until 
much later.  In the case of the United States it has never been ratified. It was approved and signed 
under the 2001 Stockholm Agreement to ban Persistent Organic Pollutants (POPs) by President 
Bush but not ratified by Congress as of this date. 



                                                 
11  Solid matrix – the flexible insulating fill material between insulated conductors in an electrical cable assembly. 
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2.3 Key steps leading to the reduction of PCB use in the US 
 
The timeline below shows/explains the regulatory process as it has evolved in the U.S. relating to 
(a) elimination of PCBs in manufacturing, use and disposal; and (b) subsequent impacts on ship 
reefing and disposal. 
 
Year Event 
1973 OECD Agreement 
1976 US Congress passed the Toxic Substances Control Act (TSCA)12 which outlawed the 



manufacture, sale, and distribution of PCBs except in "totally enclosed13" systems, 
within 3 years.  TSCA became law on October 11, 1976 to become effective on January 
1, 1977. It was the only chemical Congress itself has ever banned. However, enclosed 
transformers and capacitors were STILL allowed to contain PCBs  
 



1979 April 19, 1979 US EPA issues press release implementing TSCA regulations regarding 
ban – (Final rule issued April 19, 1979) on manufacture of PCBs and phase out of uses. 
This is the Start of PCB phase out of products utilizing contained PCBs in Electrical, 
electronic, heat transfer applications. 
 



1994 Sept 1994-Dec 7, 1994 – USS Bennington remediated for PCBs to Export. Sampling test 
and remediation plan developed by Steve Paulsen of Paulsen Environmental and Jack 
Billings of Alpine Abatement Associates Inc to remediate the Ex-USS Bennington for 
PCBs to meet EPA export requirements (WWII aircraft carrier for export).  Requirement 
to export in 1995 was ≤ 50 mg/Kg levels of PCB content in materials.14 
 



1995 In 1995 as a consequence of identifying PCBs for disposal in the Naval Shipyards 
through work at Puget Sound Naval Shipyard and Norfolk Naval Shipyard, the US Navy 
Naval Sea Systems Command issued Ship Reuse/Disposal Guidance for testing 
NAVSEA Advisory 95-1 regarding testing for PCBs. This tied to EPA regulatory 
guidance requirement for export of ≤ 50 mg/Kg levels of PCB content. 
 
1995 EPA Draft Guidance developed for export of ships.  This document was never 
officially released by the EPA.  EPA today reviews each project on a case basis.  
Guidance document was developed as a result of the test and remediation plan 
developed to remediate the Ex-USS Bennington for PCBs to meet EPA export 
requirements.  The requirement to export in 1994 was ≤ 50 mg/Kg levels of PCB content 
in materials. 
 



1996 Congress institutes moratorium on export of US Government ships for scrapping.  USS 
Bennington was 1st and last hull remediated for export. 
 



                                                 
12 http://www.epa.gov/oecaerth/civil/tsca/tscaenfstatreq.html 
13 Totally enclosed system – refers to sealed containment or boundary.  Examples are sealed metal capacitors, 
transformers utilizing liquid PCBs.  Jacketed cabling with the matrix fill material impregnated with PCBs.   
14 Mr Billings is a professional associate who has worked closely with the author in preparation of ship disposal 
compliance planning from 2004 to present. 
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Year Event 
2000 A Guide for Ship Scrappers: Tips for Regulatory Compliance -Federal Facilities 



Enforcement Office - a resource and guidance document for those involved in ship 
scrapping/breaking industry (2000)15 



US Department of Health and Human Services – Agency for Toxic Substances and 
Disease Registry publishes summary of manufacturing utilizing PCBs.  Toxicological 
Profile for Polychlorinated Biphenyls (PCBs) November 200016 
 



2000 2000 California Hazardous Waste Regulation apply to all materials containing PCBs ≥ 5 
ppm (mg/Kg)   References are California Code of Regulations Title 22 Section 66261.24 
and SB-842 (California State Senate Bill-842).17   
 



2001 2001 May 21 Stockholm Convention on Persistent Organic Pollutants. US approves 23 
May 2001. This document represents the approval of the 1973 OECD Agreement. Not 
ratified by US Congress as of 2010.18  



2002 November 2002 Congress lifts export Moratorium allowing export of 4 MARAD19 ships 
to UK for dismantling.    
 



2006 National Guidance: Best Management Practices for Preparing Vessels Intended to 
Create Artificial Reefs (2006 May)20- In response to a Maritime Administration request, 
EPA established and led an interagency workgroup to develop best management 
practices to be used in the preparation of vessels for use as artificial reefs. This guidance 
identifies materials or categories of materials of concern that may be found aboard 
vessels and specifically identifies where they may be found. For each material or 
category of material, the document provides a narrative clean-up performance goal and 
information on methods for achieving those goals in preparation of the vessel prior to 
sinking. Materials of concern include, but are not limited to, fuels and oil, asbestos, 
PCBs, paints, solids/debris/floatables, and any other materials of environmental concern 
(e.g., mercury and refrigerants).  



 
 
 
More than 1.4 billion pounds of PCBs were manufactured in the United States prior to cessation of 
production in 1977.21 
 
A period of 3 years 1976 to 1979 elapsed before the regulatory rules were made final and 
implemented.   The EPA press release citation (ANNEXURE D) reflects the phase out of uses over 
the next 3-5 years,  with phase out planned to be complete about 1984.   
 



                                                 
15 http://www.epa.gov/Compliance/resources/publications/civil/federal/shipscrapguide.pdf 
16 http://www.atsdr.cdc.gov/toxprofiles/tp17.html 
17 The 5 mg/Kg threshold was the CA regulatory requirement for Manifesting and transporting materials to approved 
disposal sites during Experts ship disposal experience from 2000-2001. 
18 Stockholm Convention on Persistent Organic Pollutants http://www.pops.int/documents/signature/signstatus.htm 
19 MARAD – Maritime Administration, US Department of Transportation 
20 http://www.epa.gov/owow/oceans/habitat/artificialreefs/index.html 
21 Status of PCB Management in North America, COMMISSION FOR ENVIRONMENTAL COOPERATION 



MONTREAL, CANADA JUNE 1996   http://www.cec.org/Storage/43/3496_pcbe_EN.pdf 
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US EPA Citation :Commercial Use of PCBs22  Although no longer commercially 
produced in the United States, PCBs may be present in products and materials 
produced before the 1979 PCB ban. Products that may contain PCBs include:  



1. Transformers and capacitors  
2. Other electrical equipment including voltage regulators, switches, 



reclosers, bushings, and electromagnets 
3. Oil used in motors and hydraulic systems  
4. Old electrical devices or appliances containing PCB capacitors 
5. Fluorescent light ballasts 
6. Cable insulation 
7. Thermal insulation material including fiberglass, felt, foam, and cork 
8. Adhesives and tapes  
9. Oil-based paint   
10. Caulking  
11. Plastics 
12. Carbonless copy paper 
13. Floor finish  



 
 



2.4 Phasing out PCB use in ships built in the US 
 
PCB use in ships ceased as the manufacturing process utilizing PCBs ceased manufacturing 
electronic components, wiring, adhesives and paints utilizing PCBs.  This phase out occurred 
primarily from 1978 to 1986.  In controlling PCBs, the Naval Shipyard Puget Sound23 developed a 
testing program which identified PCBs in many locations during ship disposal in the late 1990’s.  
The basis of this testing was NAVSEA Advisory 95-1 which provided Navy Activities with a 
mechanism to methodically identify PCBs on ships. This coupled with the USS Bennington PCB 
Cleanup experience with Joint US Navy and US EPA monitoring formed the methodology by 
which the EPA has approved individual clean up projects since and developed its Draft Guidance – 
Sampling Ships for PCBs Regulated for Disposal, November 1995. Document was not officially 
released.   
 
Due to the nature of the Navy Logistics System and sourcing of products the Navy had found PCB 
materials on ships and ashore. Review of Logistics guidance documents held for the Naval Supply 
System (Naval Logistics Library 1995 publication) held no reference to PCBs or Poly Chlorinated 
biphenyls whatsoever.  The consequences were continued low level sourcing of materials 
containing PCBs from foreign manufacturers entering the US Navy procurement system.  The US 
Navy implemented a post-1995 change in OPNAVINST 5090.1, Environmental and Natural 
Resources Program Manual (OPNAVINST 5090.1B Ch1 2/2/98 Ch 10/17/03, OPNAVINST 
5090.1C24 10/30/07) that contains the following statement. 



Procurement: All future procurement of transformers or any other 
equipment containing dielectric or hydraulic fluid shall be accompanied by a 
manufacturer's certification that the equipment contains no detectable PCBs 
(less than 2 ppm) at the time of shipment. Newly procured transformers and 



                                                 
22 http://www.epa.gov/epawaste/hazard/tsd/pcbs/pubs/about.htm 
23 Puget Sound Naval Shipyard is the remaining US Navy operated repair yard on the West Coast. Planning yard 
functions transferred from Long Beach Naval Shipyard to Puget Sound in 1995-1996 with the closure of Long Beach 
Naval Shipyard by the Base Realignment and Closure Commissionl.  Its counterpart is Norfolk Naval Shipyard on the 
East Coast. Puget Sound Naval Shipyard as well as Norfolk Naval Shipyard were involved heavily in the process of 
identifying PCBs and probable locations in ships being transferred to inactive status. 
24 http://doni.daps.dla.mil/Directives/05000 General Management Security and Safety Services/05-00 General Admin 
and Management Support/5090.1C  Instruction and Chapters.pdf  or  http://www.navy.mil/oceans/5090_1C_Manual.pdf 
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equipment no longer require permanent labels stating they are PCB-free (no 
detectable PCBs); however, activities may find it useful to mark the items 
non-PCB for inventory purposes. 
 



Due to the nature of the phase out, there is no clear cut period when ships can be defined as 
manufactured as PCB free until post 1995.  The US Navy procurement requirement for certification 
that products purchased are PCB free allowed for a several year time frame during which parts and 
materials procured before the certification requirement within the Navy Stores system and Naval 
Sea Systems Command SPAWARS division could be drawn and utilized for either systems 
overhauls or shipboard repair.  The language of the certification requirement recommends although 
certified PCB free and not required in purchasing to be labeled PCB free by the manufacturer, items 
should be marked as PCB free for inventory control purposes.  This indicates that PCB containing 
parts still reside within the inventory control systems of the US Navy. 
 
 
3. Likely location of PCBs on the HMAS Adelaide prior to the ‘preparation’ for sinking 



described in the REF and the URS Report 
 
3.1 General comment:  PCBs based on year of construction and shipbuilding practices at the time 



can be expected in the ships wiring, ventilation gaskets, paints, sound damping tiles. This is 
particularly the case as the lead time for the quantities of material to be ordered and received 
to support construction were on the order of 18 months to 2 years ahead of the production 
requirement. Material procurements began shortly after the order for the ship was placed in 
1976 and before the keel was laid in June of 1977. This was prior to Monsanto ceasing 
production of PCBs in the United States for electrical and electronic applications.25    



 
3.2 Comment on the Department of Defence record of known compartments containing PCBs 



 
Defense Letter 2007/1068071/3 FFG SPO/OUT/2008/2339  Paragraph 1 Citation “ Information on 
hazardous material left in the vessel – The commonwealth is unable to provide this documentation 
at this stage, as the Commonwealth’s removal activities are not yet complete.  Documentation will 
be provided at the time of official handover of the vessel to the NSW Government that details all 
known hazards. However, based on previous ship disposal activities, it is likely that Asbestos, Zinc 
Chromate, Polychlorinated Biphenyl and beryllium will be present throughout the vessel.  A copy of 
the latest reports from the Australian Quarantine and Inspection Service are at Enclosure 5” 



 
Defense Letter - Enclosure (5): The detail list of PCBs on the HMAS Adelaide does address 
discrete electronic components found in Communication, Radar, Weapon Control Systems. 
 
The statement advising NSW of hazardous materials likely to be found is a general cautioning 
statement about hazardous materials. It essentially disclaims that the list of discrete locations are the 
only places where these materials will be found.  This is particularly true in light of the gradual 
phase out of the use of PCBs in electrical materials, as a plasticizer, fire retardant, paint additive and 
fabrication lubricant. These are distributed uses of PCBs.   



 
Discrete uses of PCBs are applications in which PCBs are restricted to closed and sealed 
components in an otherwise clean system.  These elements can easily be located, removed and 
packed for appropriate disposal. Discrete uses include: 
                                                 
25 Experts experience with material expediters in planning and execution of ship overhauls at Pearl Harbor Naval 
Shipyard, Long Beach Naval Shipyard, Puget Sound Naval Shipyard, etc. accomplishing ship repair and overhaul. 
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 capacitors; 
 transformers; 
 fluorescent light ballasts; and 
 equipment rubber sound isolation mounts. 



 
Distributed uses of PCBs are applications which are spread throughout a ship in the materials it is 
constructed from.  These items require removal of the finishing products. They are prevalent 
throughout the vessel and may be found in nearly every compartment. Distributed uses include: 



 electrical wiring – insulation matrix between conductors; 
 stuffing tube putty; 
 caulking sealing materials; 
 tile adhesive; 
 insulation materials; and 
 ventilation ducting gaskets. 



 
 
3.3 Estimate of the probable quantity of PCBs onboard the HMAS Adelaide 
 



(a) URS report relied upon the Department of Defense report Encl 6 as well as the 1973 
OECD agreement assuming that this meant they did not have to worry about 
investigating for the presence of PCBs.  OECD agreements often take a decade or longer 
once reached to be ratified. URS indicated that the bulk of electrical cabling had been 
removed. This would equate to removal of 95-99% of PCBs contained in electrical 
cables.  Based on the experience of ratios for materials identified on Oriskany. Cabling 
would have accounted for 95% of the PCBs onboard the ship initially.  The balance of 
PCBs would be found in all other sources.  With work accomplished as described it is 
likely that 95%-97% of all PCBs have been removed. No records have been provided 
relating to tonnage of cables removed and manifested for recycling.  



 
(b) Review of cable transit box photos shows clearly cables that were manufactured in 1977 



(see Annexure A to the Affidavit of Mr Quentin Riley, p. 13).  Blow up of part of Photo 
044 shown below (at Annexure A to the affidavit of Quentin Riley dated 15/04/10, p.13) 
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LSGU-300-SPL PVC 1977.  The jacket is polyvinyl chloride plastic.  The black 
filler shown is the insulation filler matrix between conductors surrounding the 
individual conductor insulating jackets.  The matrix, the individual conductor 
insulation, and the cable outer covering should each be tested for PCBs.   (Blow up 
of part of Photo 044 shown at Annexure A to the affidavit of Quentin Riley dated 
15/04/10, p.13) 



 
 
(c) Emails (T159 and T142) indicate 73.5 tonnes of Cable were removed. Utilizing the 



average value for PCBs in electrical cables on USS Oriskany Reefing project, this is a 
good basis for quantifying an estimate of the total PCBs remaining.    



  
(d) Based on my experience and records from dismantling 4 each Knox Class Frigates at 



Hunters Point San Francisco, 73.5 tonnes of cabling is a good number.  We removed and 
manifested 200 cy (Cubic yards). This was 4 to 5 each 40 cy roll off disposal containers, 
weight limited at 20 tons per container.   



 
(e) Estimate of original quantity of PCBs onboard   



 
i) Total original material = 73.5/97% = 75.8 tonne   
ii) Estimated PCBs onboard: In absence of a formal testing program to determine 



PCBs onboard, I will use a composite PCB concentration fraction from USS 
Oriskany Report to assess.  1493.7 mg/Kg mean PCB concentration of cable 
insulation materials was the composite concentration average of all cable testing 
conducted by US Navy.  This number may not accurately represent as large 
diameter power cables with high PCB concentrations (19,000 + mg/Kg) would 
skew the actual composite number higher than indicated. Navy only averaged the 
test results and there is no evidence in the article that a weight percent 
computation was performed.    



iii) The overall weight of electrical cables is reduced by 50%, to determine weight 
of the remaining insulating materials due to the recoverable copper content.     



iv) Calculation: Estimated Weight  = 37.6 tonne x 0.0014937 kg/tonne = 113 Kg  
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v) Estimated original PCBs onboard in electrical cabling 113 Kg of PCBs spread 
throughout the ship.  Estimated original total PCBs onboard is 119 Kg 



 
(f) Estimate of current quantity of PCBs onboard 
 



i) Remaining material estimate 3% = 2.2 tonne   
ii) Calculation: Estimated Weight  = 2.2 tonne x 0.0014937 kg/tonne = 3.4 Kg  
iii) Estimated remaining PCBs onboard in electrical cabling 3.4 Kg of PCBs spread 



throughout the ship.   
iv) Assuming a similar ratio to other sources of PCBs (worst case) as with the Ex 



USS Oriskany Reefing Project.  Total estimated PCBs remaining onboard subject 
to potential release to the local environment over time are 9.4 Kg         (20.7 lbs).  



   
(g) Estimate Check: This corresponds to the relative quantity estimated by US Navy of 328 



Kg (722.6 lbs) of solid PCBs remaining on Ex USS Oriskany when reefed in 
2006.  Displacement scaling would indicate that we should expect to find approximately 
16.4 Kg of solid PCBs after reefing preparations are complete. 
 
 



4. Likely location of PCBs on the HMAS Adelaide after the ‘preparation’ for sinking described 
in the REF and the URS Report (Polglaze).  



 
4.1 Likely location of PCBs on HMAS Adelaide after preparation for sinking as described.  



(a) Cable transit boxes where electrical cabling has been cut back to.  (Estimate that this 
would likely constitute 30 to 40% of the remaining PCBs) 



(b) Ventilation felt PCB impregnated gaskets. Although PCB manufacturing was banned in 
1979 by the EPA.  This is an instance where EPA allowed prevailing practice to 
continue until stocks were exhausted. Testing of a representative number of gaskets 
should be accomplished.  (Estimate that if construction utilized PCB impregnated felt 
gaskets this will constitute 40 to 50% of the remaining PCBs)  - All other materials 
would constitute approximately 10-20 percent of the remaining PCBs 



(c) Rubberized caulking sealing materials.  
(d) Stuffing tube packing putty  
(e) Rubberized sound isolation mounts. 
(f) Deck tile adhesives (unlikely that any would remain due to the periodic habitability 



renovation which occurred over the years. I would expect that the ship’s deck coverings 
would have been replaced between two to three times or more since commissioning. 
This would have entailed removals of underlayment down to bare steel. 



(g) Lagging pin adhesive (much of this may be remaining). 
(h) Double backed adhesive tape used for installing label plates.  
(i) Insulation- bulkhead thermal fibre glass – PCB sampling entails sampling of the entire 



material not surface swab samples of the paint on the surface of the material. Bulkhead 
fibre glass type material.  Original glass material contained PCBs as a fire retardant. 



(j) Insulation – in motor rotor and stator insulation.  
i) 84 motors for pumps 
ii) 4 ship service diesel generators 
iii) __(estimate 50)____ number of ventilation fan motors.  Would need a copy of 



the ship’s damage control manual to identify number of ventilation fans and their 
locations. 



(k) Sand tile sound damping tiles 
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(l) Habitability paint and foam plastic insulation. PCBs were added for flammability 
protection. 



 
5. PCB testing conducted by AIRSAFE for McMahon Services Australia (detailed in the 



AIRSAFE report of 3 March 2010). 
 
5.1 Suitability of testing methods. Swab method utilized only detects surface PCB contamination 



from liquid PCBs.  It does not detect anything in the covering fabric or the insulation material 
underneath the paint surface. No evidence of chain of custody or the sampling procedure used 
to obtain the samples in the reporting. There are at least 3 entities involved in the testing with 
no chain of custody documentation. An unbroken chain of custody is required to maintain 
evidentiary validity.  At best the test results say they found no surface contamination on top of 
the paint.  The tests accomplished do not say anything about the composition of the paint, the 
insulation surface materials, or the insulation itself.  Each layer requires a separate bulk 
sample to be analyzed for PCBs. 



 
5.2 Comprehensiveness of sampling 
 
The sampling was not comprehensive – in dealing with a ship of this size a comprehensive test plan 
would require: 



 Testing one sample of each type of electrical cable, ventilation gaskets, damping tiles, 
rubberized components, insulating materials, adhesives, and paints.  Testing is not required 
if the manufacturing data on the cable can be read and cable looked up as to whether PCB 
free or not.   



 Minimum Total Number of Samples (T) - is the larger of fifteen samples or the square root, rounded 
off to the to the nearest whole number, of the gross weight of the vessel in long tons (2,200 pounds 
equals one long ton).  For Adelaide this is sqrt(4100) = 64 samples.26 



 
 
6. Characteristics of a sampling program that would adequately determine the presence or 



absence of PCBs on the HMAS Adelaide after ‘preparation’ 
 
6.1 Standard practice sampling methods for assessing presence of PCBs on ships. 



(a) The two recommended sampling methods consist of  
i) NAVSEA ADVISORY 95-1 PCBs – Provides a specific guide. 
ii) 1995 EPA Draft Guidance developed for export of ships (Updated 2004) based 



on statistical investigation program as a minimum to certify a ship for export. 
(b) These sampling methods are the only means of complying with the US EPA 



requirement to insure that vessels being exported for scrapping/reefed/or sunk in 
military live fire exercises do not have PCBs onboard ≥ 50 mg/Kg.  They represent the 
required minimum required guidance. 



                                                 
26 1995 EPA Draft Guidance developed for export of ships 
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6.2 Details of sampling required to adequately determine presence of PCBs on Ex-HMAS 



Adelaide.  The sampling areas are broken into 3 Strata based on relative importance by 
quantity likely to be encountered 
(a) Strata I – Electrical Cables 
(b) Strata II – ventilation or air handling system flange gaskets 
(c) Strata III – all other applications (rubber, paint, adhesives, insulation, foam etc). 



 
 
Total vessel sampling 
materials 



T = sqrt (4100) = 64 consisting of : 
Strata I - At least 0.4 (T) = (0.4)x(64)=26 electrical cable samples 
shall be taken. Each non-conducting material (plastic, rubber, etc.) 
from each electrical cable shall be chemically analyzed separately. 
Three fourths of the total electrical cable samples or 
O.3(T)=(0.3)x(64)=20 samples shall be taken from electrical cable in 
engine compartments, auxiliary machinery compartments, areas 
having radio transmission and receiving equipment, x-ray equipment, 
radar equipment, and any other high voltage electrical equipment.  
Strata II - At least O4 (T = (0.4) x (64) = 26) samples shall be taken 
from gaskets in air handling systems. One half of the air handling 
system samples or at least O.2 (T) = (0.2) x (64) = 13 samples shall 
be from air handling systems gaskets in: engine compartments, 
auxiliary machinery compartments, and in areas where their fuel, 
explosives and munitions were stored and handled.  
Strata III -At least O.2 (T) = (0.2) x (64) = 13 samples shall be taken 
from this stratum. In the event that 0.2 (T) ≥ 9, one sample shall be 
taken from each of the following nine groups (substrata): rubber 
gaskets (other than air handling system gaskets); felt gaskets (other 
than in air handling system gaskets); thermal insulation material 
(fiber glass, felt, foam, and cork thermal insulation material); sound 
deadening felt; grouting/caulking, rubber isolation mounts, 
foundation mounts, and adhesives; tapes; oil-based paint in containers 
(paint on surface of the vessel is not included); pipe hangers; and 
rubber and/or plastic parts of all sizes/shapes (other than listed in 
stratum 1, stratum 2, or the preceding nine substrata in this stratum). 
In the event that there is an insufficient number of samples or 0.2 (T) 
< 9, the O.2 (T) samples shall be randomly selected from a numbered 
list of the nine substrata. 



Sampling methods (collection)  See Annexure C - NAVSEA ADVISORY 95-1 Generic 
Sampling Plan for sample collection developed by Norfolk 
Naval Shipyard. This Sampling Method can easily be tailored to 
the HMAS Adelaide utilizing the above test sampling regimen. 
Sampling procedures provide for specific collection methods, 
There should be precautions to prevent cross contaminations of 
samples.  Sampling agency should identify a primary lab for the 
full sampling array27 including blanks as well as a validating lab 
until confidence is established regarding the primary lab. 



Chain of custody Sample Chain of custody (Annexure F) 



                                                 
27 Set of all samples and all tests to be conducted on each sample calling out which lab test method is to be 
accomplished. 
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Laboratory Test methods EPA Waste Characterization SW-846 Method 8082A: Polychlorinated 
Biphenyls28  for The Total Threshold Limit Concentration 
(TTLC) 29 and Waste Extraction (WET), Citric Acid or DI30 
Water by Title 22 and Chlorinated Pesticides & PCBs by EPA 
8081/8082. PCBs are hazardous waste constituents in 
California's Toxicity Characteristic.  The TTLC for PCB in 
waste is 50 mg/kg, and the Soluble Threshold Limit 
Concentration (STLC)31 is 5.0 mg/L.  Waste streams must be 
characterized utilizing both techniques to manifest to disposal 
site in California.  Most restrictive method shall apply. 



 
 
6.3 Was PCB sampling undertaken on Ex-HMAS Adelaide consistent with best practice? 



(a) Sampling accomplished at best was only a test to detect surface contamination resulting 
from a leak and is not consistent with best practice.  To detect solid PCBs each 
component of a material must be tested.  In the case of a bulkhead insulation system you 
would test the mastic32 under the lagging pins33, the fibre glass material itself, the glass 
surface material, and the paint system on top.  In the case of an electric cable you would 
test the cable jacket, filler matrix, and the individual conductor jackets.  Sampling and 
testing of paint systems requires a representative sampling of each type of paint onboard 
coupled with sample compositing34.  If the composite generates a positive result then the 
constituents of forming the composite are tested to isolate the problem. 



 
 
7. Methods available to remove all PCBs from the Ex-HMAS Adelaide  
 
7.1 Best practice methods for removal of PCBs from ships 
 



(i) Accomplish a survey to determine remaining PCBs in accordance 
with sampling program above.  



(ii) Remove all vent duct flanges containing material identified as 
containing PCBs – removal entails cutting with a SawsAll 
approximately 7 to 10 cm on each side of the ventilation ducting 
flanges.  Flanges are then packed into drums and shipped for 
disposal. 



                                                 
28 http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/8082a.pdf 
29 TTLC - Total threshold limit concentration. A State method and value for determining if a waste is hazardous. 
Specifically, TTLC means the concentration of a solubilized, extractable, and nonextractable bioaccumulative or 
persistent toxic substance which, if equaled or exceeded in a waste or waste extract, renders the waste hazardous ( 
California CCR Title 22, section 66260.10, p. 645.)  
30 DI – distilled water (pure water) 
31 STLC - Soluble threshold limit concentration. A California State method and value for determining if a waste is 
hazardous. Specifically, STLC means the concentration of a solubilized, 
extractable, and nonextractable bioaccumulative or persistent toxic substance which, if equaled or exceeded in a waste 
or waste extract, renders the waste hazardous (California CCR Title 22, section 66260.10, p. 645). 
32 Mastic – def - adhesive 
33 Lagging Pin – pin with a metal base glued to the ship’s structure to hold insulation.  Insulation material is pressed 
onto the pin and secured with a press on metal button approximately 1” in diameter. 
34 Sample compositing:  samples are taken from multiple locations.  Equal weights of each sample are taken and mixed.  
The composite sample is tested. If negative all samples are clean. If positive then each component sample is tested.  
This minimizes overall testing costs if the extent of a problem is not known. 
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(iii)Remove cable stubs in bulkhead cable transits.  The transit can be 
either cut out or disassembled by loosening stuffing rings/clamps 
and punching cable stubs out. Remove any packing materials. 



 
The above cables and packing can be removed from the cable transit box by 
backing off the clamping bolts and punching out the packing materials and 
remaining cable. (see Annexure A to the Affidavit of Mr Quentin Riley, p. 9)  
Excerpt from Photo 040 (Annexure A, p.9).  



 
The above packing gland nuts can be backed out and the cables removed.  In 
the adjacent vertical transit box, undo the clamping bolts and remove the 
cable and packing. Remove any insulation identified as PCB containing. (see 
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Annexure A to the Affidavit of Mr Quentin Riley, p. 6)  Excerpt from Photo 055 
(Annexure A, p.6).  



 
(iv) Remove items secured with PCB adhesives utilizing ultra high 



pressure water.  Note that if the vessel is recycled, these do not 
need to be removed as they are destroyed during smelting process. 
This is an industrial version of a household pressure washer for 
cleaning your house utilizing a water jet at 10,000 to 40,000 psi 
water versus 1,000 to 3,000 psi. 



(v) Remove PCB containing paints utilizing ultra high pressure water 
hydroblast (10,000 to 40,000 psi). (Note: this same method can be 
utilized to remove zinc chromate paints if found to have levels 
above TCLP limit which would trigger a dumping requirement.   



 
7.2 Was removal of PCBs from Ex-HMAS Adelaide consistent with best practice?  



(a) Adelaide PCB removal was not consistent with best practice. No formal survey was 
accomplished to assess extent of PCBs remaining on the vessel based on an erroneous 
assumption.  Best practice would have been to survey, remove all materials identified, 
and finally, accomplish a clearance survey to verify work. 



 
 
7.3 Comments on likely structural integrity after complete removal of PCBs 
 
Reefing Tow Plan - Preparations made for reefing by cutting divers accesses and removal of 
watertight doors which could trap divers have been accomplished.  Tank covers have been removed 
and bars installed to prevent access. This provides free flood paths for placement of the vessel when 
the scuttling charges are set off.  Cutting out fore aft transit boxes or removal of vertical cable 
penetrations would not affect the ship for planned reefing.  The relative area as compared to the 
penetrations established for divers is estimated at less than 1% based on review of the reefing 
preparation drawings. 
 
Ocean Tow: The ship no longer has any watertight integrity for purposes of ocean tow.  Ocean tow 
requires that condition “Zebra” be set. This is the damage control condition for maximum 
watertight integrity where all hatches, watertight doors, scuttles are closed, dogged and checked to 
insure no leakage. All piping system valves are closed at manifolds and bulkhead stops to prevent 
possible cascade flooding.  As the vessel is currently configured, it would require an extensive 
effort to re-establish water tight integrity of the ship. The ship in current configuration for reefing is 
not safe for ocean tow.   
 
A survey by a qualified marine surveyor specializing in Ocean Tow preparation would be required 
to determine minimum requirements to re-establish watertight integrity for ocean tow. 
 
For a vessel not already prepared for reefing, removal of transit boxes and stuffing tubes followed 
by a 3 to 6 mm blank plate depending on area to be covered, bolt, strongback with silicon caulking 
would restore watertight integrity of bulkheads/decks at locations cables have been removed from 
transit boxes and stuffing tubes. 
 
Ship stability: Vessel minimum stability required for tow is a Metacentric Height (GM) of 2.5 ft = 
0.76 m. GM is defined as the Ship’s Transverse Metacentric Height (KMt) – Ship’s vertical center 
of gravity (KG).  The metacentric height, measured in feet, is the distance between the center of 
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gravity and the metacenter and is the principal indicator of initial stability. A ship whose metacenter 
lies above the center of gravity has a positive metacentric height and is stable; conversely, a ship 
with the metacenter below the center of gravity has negative metacentric height and is unstable.   A 
GM of +2.5 ft provides sufficient stability for tow. Vessel should be ballasted by the stern 1 m per 
100 m of length. (1 ft/100ft of length)  



 
 



 
8. Possibility of PCBs leaching into the environment, if the vessel were sunk in its current 



condition 
 
In my opinion the possibility of leaching into the environment is highly probable based on the 
limited environmental monitoring accomplished to this point in time related to reefing projects.  The 
only project monitored to date is the USS Oriskany reefing project in Florida, USA,  PCB 
Monitoring on the Oriskany Reef (Part II.  Initial Sampling Event) By Jon Dodrill  Florida Fish 
and Wildlife Conservation Commission and Robert Turpin  Escambia County Marine Resources 
Division.35 
 
Report summary “During the initial sampling event of December 14, 2006, no gray triggerfish 
were caught. Red snapper dominated the landings with thirty legal size red snapper retained. Red 
snapper total lengths with two exceptions suggested specimens were in the 2-4 year old age classes. 
With the exception of two larger red snapper specimens (808 mm and 795 mm, total length) that 
entered one of the chevron traps together, the remaining red snappers kept for PCB analysis were at 
or just above the minimum legal size of 406 mm (16 inches total length) (range 404-475 mm). The 
remaining 20 discarded red snapper were 25-50 mm be-low legal size. An additional 12 juvenile red 
porgy, and a sublegal almaco jack were also discarded. Fifteen of 30 fish had total PCB levels 
exceeding 20 ppb with the average total PCB concentration value at 34.137ppb. Six of 30 fish had 
PCB levels ranging from 68.0 to109.8 ppb that exceeded the recommended 50 ppb PCB Florida 
Department of Health (DOH) fish consumption screening limits.”  
 
The concentrations of PCBs found in the Oriskany Reef environment are positive evidence of PCBs 
leaching into the local biosphere. The study did not evaluate Chromium or Lead in the local 
environment as a consequence of reefing.  
                                                 
35 http://www.sdafs/FLAFS/PDF/October 2008 Issue.pdf 
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The Mackenzie reefing program in British Columbia did not accomplish any post reefing 
monitoring for PCBs. Ships were prepared to the standard required by  Environment Canada 
Guidance – “Clean-Up Standard for Disposal at Sea of Vessels, Aircraft, Platforms, & Other 
Structures” Rev 3 December 2007 Environment Canada Pacific and Yukon Region.  I confirmed 
this 3/29/2010 with  Bruce Clark at Fisheries and Oceans Canada Oceans, Habitat, and 
Enhancement 604-666-6140 fax: 604-666-6627 Email: bruce.clark@dfo-mpo.gc.ca. Also 
Mr. Shawn Standing, at Environmental Canada phone 604-666-2730 confirmed that no testing for 
PCBs had been accomplished.  
   
No objective evidence from the Canadian Reefing projects is available as no testing programs were 
funded or accomplished. 



 
In the case of USS Oriskany the majority of PCBs remaining onboard were from cabling sources 
not removed.36  The bulk of accessible cables were cut and removed. Cable removal practices was 
to cut cables identified as PCB containing at the transit boxes as part of the preparation to reduce 
the quantities of PCBs remaining onboard.  U.S. Navy Inactive Ship Cleaning Practices illustrates 
removal of exposed cableways and reefing preparations accomplished on the USS Oriskany in 
preparation for reefing.  This is similar to the preparation described as accomplished on the HMAS 
Adelaide. Modeling Adelaide as similar in construction methods and maintenance practices 95%+ 
of PCBs remaining onboard would be from transit box stubs and from ventilation gasket materials.   
 
 



    
Note: Oriskany Cableway stripped of all cables in back corner of compartment. 
 
 
 



                                                 
36 PCB Monitoring of the Oriskany Reef  http://www.sdafs/FLAFS/PDF/October 2008 Issue.pdf  
US Navy Inactive Ship Cleaning Practices  http://www.rabnewportri.org/enclosures/Sept2009Encl2.pdf  
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Illustration from US Navy Inactive Ship Cleaning Practices – USS Oriskany reefing preparation.
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9. Options for recycling the vessel or parts of the vessel 
 
9.1 Part of evaluation of the disposal options for a vessel includes a determination of the 



recoverable resources.  Based on the current market for recycled materials the author 
accomplished the following analysis.  This is a routine analysis for evaluation of bidding ships 
for disposal.  Coupled with this are the value of the energy resource saved by recycling, and 
indirect value, and the Carbon Dioxide (CO2) emissions saved through recycling. The value 
of the latter is not currently quantifiable as a monetary value but should be considered in the 
overall project environmental evaluation by the agency approving the project.  Under a cap 
and trade regimen, Carbon credits would be generated having a monetary value. 



 
 
Materials estimate for value of Materials in HMAS Adelaide using parametric estimating for 
warship content.  I use the Rand 2001 Report for Disposal Options for Ships Table B.10 for this 
estimate.  
 



Table 9.1a  
Recovery Indices for Ship Types  



  Copper and    
Ferrous  Aluminum  Copper Alloys Lead  Waste  



Surface combatants  79  4  4  4  9  
 
 
 
Full Displacement 4100 LT



Light Ship Weight* 2648 LT
Light Ship 
Fraction



Weight 
(tonne) Value US$ Unit Extended Value



Waste Stream 9% 254.2 $0.00
Ferrous 79% 2144 $400.00 tonne $857,600.00
Aluminum 4% 108.6 $2.00 lb $477,840.00
Cu 4% 108.6 $3.60 lb $860,112.00
Pb 4% 108.6 $1.00 lb $238,920.00



Total $2,434,472.00



 
Light Ship Weight – No Fuel/Equipage/Ballast/Water/Oil ~ 2,648 LT37 
 
 
Market value of the vessel recoverable materials as is = US$ 2,434,472. 



                                                 
37 Disposal Options For Ships – FFG-7 Light Ship Weight in Long Tons 











Expert Opinion on HMAS Adelaide & PCBsWerner Hoyt – 15 April 2010 
 



Page 22 of 27 
 



 
       



9.2 Of additional concern is the requirement for processes and activities to evaluate Carbon 
Dioxide (CO2) emissions.  The governing drivers for activities in California are: 



 
(a) Based on the 2007 Supreme Court Decision Carbon Dioxide emissions are considered a 



regulated pollutant (Massachusetts Vs EPA No. 05-1120).  Contributions to global 
warming must be considered in evaluation of the least damaging alternative under this 
decision. The California Attorney General has provided 180 day notice of intent to sue 
31 July 2008 regarding as unreasonable the failure of the EPA to provide rules 
regulating CO2 emissions.  Under the Supreme Court Decisions the following would 
apply. 
i) Clean Air Act Title I Part A Air Quality and Emission Limitations – Section 109 



National Air Quality Standards and section 112 Hazardous Air Pollutants 
ii) Clean Air Act Title I Part C Subpart (1) Prevention of Significant Deterioration 



of Air Quality 
 



Table 4.7-1. The pollutants that are considered in this analysis include ozone (O3), 
carbon monoxide (CO), nitrogen dioxide (NO2), sulfur dioxide (SO2), and particulate 
matter smaller than 10 microns in diameter (PM10)  
 



 
iii) Although rules have not been established regarding CO2  emissions by the EPA 



it is highly desirable through planning and appropriate evaluation to minimize 
such emissions where possible.  In the case of dredging minimization of CO2  
emissions contributing to Global Warming, acid rain, and increased ocean acidity 
will be a trade off evaluation between the requirements of the Clean Water Act 
and the Clean Air Act with respect to the final Least Damaging Alternative. 



 
iv) On September 22, 2009, EPA released final regulations that require 



approximately 10,000 facilities to report their greenhouse gas (GHG) emissions 
annually. Covered facilities must begin monitoring January 1, 2010, and file their 
first annual reports by March 31, 2011. The reporting rule generally applies to 
facilities that emit more than 25,000 tons of GHG a year, although some sources 
with lower emissions also will be subject to the rule. EPA estimates that the 
reporting rule will cover about 85 percent of GHG emissions in the United 
States.38 



 
(b) The Kyoto Protocol treaty was negotiated in December 1997 at the city of Kyoto, Japan 



and came into force February 16th, 2005. 



"The Kyoto Protocol is a legally binding agreement under which industrialized countries will reduce 
their collective emissions of greenhouse gases by 5.2% compared to the year 1990 (but note that, 
compared to the emissions levels that would be expected by 2010 without the Protocol, this target 
represents a 29% cut). The goal is to lower overall emissions from six greenhouse gases - carbon 
dioxide, methane, nitrous oxide, sulfur hexafluoride, HFCs, and PFCs - calculated as an average over 
the five-year period of 2008-12. National targets range from 8% reductions for the European Union 



                                                 
38 http://www.martenlaw.com/newsletter/20090923-epa-issues-ghg-reporting-rule 
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and some others to 7% for the US, 6% for Japan, 0% for Russia, and permitted increases of 8% for 
Australia and 10% for Iceland."39 



Disposal at sea of a recyclable resource involves generation of significant quantities of CO2 
to replace that resource.  Under the goals of the Kyoto protocol consideration should be 
given to minimizing CO2 emissions where practicable. 
 



(c) Relationship to the National Energy Policy:  On August 4, 2007, the House 
passed HR 3221, the New Direction for Energy Independence, National Security, and 
Consumer Protection Act. Oversight and Government Reform Committee, Carbon-
Neutral Government – Title VI   (http://speaker.house.gov/legislation?id=0076 ) 
i) To make the federal government a leader on reducing global warming, this title 



sets an ambitious goal requiring federal government operations to be carbon-
neutral by 2050, with annual government-wide emissions targets.  The federal 
government is the largest energy consumer in the United States.   



ii) Under the legislation, federal agencies must inventory their greenhouse gas 
emissions, freeze emissions in 2010, and then reduce net emissions by at least two 
percent each year to achieve zero emissions by 2050.   



iii) The title contains new energy and fuel efficiency policies for federal operations, 
including minimum greenhouse gas emissions standards for federal fleet vehicles, 
green building standards for new federal buildings, and expanded authority for 
agencies to purchase renewable energy.  



 
Under HR3221 consideration to minimize petroleum usage is strongly emphasized.  
Each barrel of fuel not utilized equates to a reduction of imported oil by 1.25 to 1.66 
barrels of oil.  HR3221 also seeks to reduce CO2 emissions as a consequence of 
regulatory process (government decision making processes). 



 
(d) Relationship to California Energy Policy: Specifically, AB 32, the California Global 



Warming Solutions Act of 2006, requires CARB to:  



• Establish a statewide greenhouse gas emissions cap for 2020, based on 1990 emissions by January 
1, 2008.  



• Adopt mandatory reporting rules for significant sources of greenhouse gases by January 1, 2009.  
• Adopt a plan by January 1, 2009 indicating how emission reductions will be achieved from significant 



greenhouse gas sources via regulations, market mechanisms and other actions.  
• Adopt regulations by January 1, 2011 to achieve the maximum technologically feasible and cost-



effective reductions in greenhouse gas, including provisions for using both market mechanisms and 
alternative compliance mechanisms.   



• Convene an Environmental Justice Advisory Committee and an Economic and Technology 
Advancement Advisory Committee to advise CARB.  



• Ensure public notice and opportunity for comment for all CARB actions.   
• Prior to imposing any mandates or authorizing market mechanisms, CARB must evaluate several 



factors, including but not limited to impacts on California's economy, the environment and public 
health; equity between regulated entities; electricity reliability, conformance with other environmental 
laws and ensure that the rules do not disproportionately impact low-income communities.  



Under AB32 consideration to minimize petroleum usage is strongly emphasized.  Each 
barrel of fuel not utilized equates to a reduction of imported oil by 1.25 to 1.66 barrels of oil.  
AB32 also seeks to reduce CO2 emissions as a consequence of regulatory process 
(government decision making processes). 



                                                 
39 http://www.kyotoprotocol.com/ 
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9.3 Comparison of the carbon footprint of recycling materials from the vessel with the carbon 



footprint of manufacturing new materials to determine both emission avoidance as well as 
evaluation of energy required to be imported. 



 
 
The following table identifies energy savings for recycling various materials versus making new 
from DAKOFA40 MEMO: Waste & Climate Change Background document for the ISWA & 
DAKOFA conference on Waste & Climate Change 26-27 November 2007 in Copenhagen - held in 
connection to the UN Climate Summit COP 15 in Copenhagen 30 Nov. – 11 Dec. 2009  



 
 



                                                 
40 DAKOFA - Danish Competence Centre on Waste 
http://www.avfallnorge.no/index.php/kurs_og_seminarer/internasjonale_arrangementer/iswa_dakofa_waste_and_c
limate_conference_copenhagen_2009 
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Table 9.2a:  Saved CO2 emissions and saved ’hidden flows’ in recycling compared with virgin 
manufacture 
Material type  Virgin 



Material 
Production 
Cost 
(t/t) 
 



Recycling 
energy 
savings 



Saved CO2 
emission in 
recycling 
compared with 
virgin 
manufacture (t/t)  



Saved ’hidden flow 
generation’ in recycling 
compared with virgin 
manufacture (t/t) 



Copper  19.7 95% 13-19.7 346.04  
Aluminum   12.4       95% 4.6-12.4 36.15  
Steel  1.9 -2.5  75% 0.9-1.3 7.85  
Plastic    1.7-4.7  
Paper and 
cardboard  



  1.3-1.7 1.04  



Glass    0.6 2.17  
 
 
Table 9.2 b Estimate of CO2 Generation Avoidance by recycling materials41 
 



Material Sym
 Qty 



(tonne)



CO2/tonne 
virgin 



material



Recycling 
efficiencey with 
hidden energy 



flows



CO2 Emisions 
avoided by 



recycling (tonne)
Aluminum Al 108 12.4 0.95 1272.24
Copper/Brass Cu 108 19.7 0.95 2021.22
Lead Pb 108 1.63 0.99 174.42
Steel Fe 2144 2.5 0.75 4020



Total 7487.88
 



 
Estimate of Energy Savings by recycling 
 
Energy Savings – convert CO2 emissions to equivalent Diesel 10.1 kg/gallon42 
  Fuel equivalent = 7,500 / 10.1 kg/gallon = 741,000 gallons 
  
                        Convert to estimated Crude Oil required = Diesel/0.8/42gal/barrel  
        = 22,000 barrels crude 
 
Estimated value of Energy Savings at current world Crude Prices. 
  Current value of resource NYEX (2 April 2010) @ US$ 84.87 Barrel43 
   22,000 barrel x 84.87/Barrel = US$ 1,870,000 
 



                                                 
41 Table developed by author utilizing Table 9.2a and Table 
42 http://www.epa.gov/oms/climate/420f05001.htm 
43  Price as of Apr 5, 2010  http://www.bloomberg.com/markets/commodities/energyprices.html 
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10. Additional comments:  As a marine professional having worked in both ship repair and 
disposal, the following are of concern due to regulatory requirements in ship disposal in the 
US/California and or are of concern due to gas free/safety issues in ship disposal either for 
dismantling or reefing. 



 
10.1 Heavy metals are of concern is a ship disposal process. Regulatory levels for waste stream 



contamination require special treatment when these metals exceed EPA defined thresholds 
under RCRA typically these numbers run between 5 and 10 mg/Kg.  The following comments 
regard the Commonwealth of Australia Department of Defense Letter regarding presence and 
locations of Hazardous Materials to New South Wales. 
(a) Chrome (Cr) and Zinc (Zn) – although the cautioning statement exists it is with respect 



to:  
i) Chrome/Zinc (Cr/Zn) in paints primarily utilized internally in the deckhouse 



superstructure – Paint sampling survey of vessel required to establish extent and 
estimated quantity. Paint test to establish estimated leachable quantity. 



ii) The statement and inventory do not address zinc as discrete metal utilized in 
sacrificial anodes in the salt water sides of heat exchangers. 



(b) Not included in the Department of Defense letter statement of hazardous materials even 
as a general caution are the following metals of concern under RCRA 44 



(c) RCRA (8) metals are:  Arsenic, Barium, Cadmium, Chromium, Lead, Mercury, 
Selenium, and Silver. 



(d) Arsenic, Barium, Cadmium, Selenium, Silver, as well as other recoverable heavy metals 
are found as constituents in electrical and electronic waste streams, primarily circuit 
boards and semiconductor technology. These would be primarily located in the ship’s 
communications, radar, weapons control and propulsion control systems. Lead (Pb)     
i) Lead (Pb) in paints – Paint sampling survey of vessel to quantify where and how 



much.  Total leachable content is required to determine whether disposal without 
removal is classified as dumping.  Paints if greater than 5 mg/Kg Pb are classified 
as EPA regulated. 



ii) Journal bearings – Lineshaft bearings – requires detail drawing of line shaft 
bearings to determine composition and quantity.  A wide variety of Babbitt45 
alloys exist. Some common compositions are: 
• 90% tin, 10% copper 
• 89% tin, 7% antimony, 4% copper  
• 80% lead, 15% antimony, 5% tin  
• A lead-based based Babbitt (75% lead, 10% tin) 
• A copper-lead based Babbitt (76% copper, 24% lead)  
• A copper-lead-tin based Babbitt composed of (67% copper, 28% tin, 5% 



lead)  
 
iii) Fixed ballast – Based on Fixed Ballast drawing FFG7-191- 8600238 Rev4 there 



is 43.1 tons of Lead (Pb) ballast installed in clean ballast tank 5-116-0-W in the 
form of 1728 each 56lb  ingots and 108 each 18.7 lb ingots.  Contract AD0801 
Vol2 L.  Review of the weight and moment addition/removals 2008 Contract 
AD0801 Vol2 F found no indication of the removal of 43.1 tons (86,200 lbs) of 
Lead (Pb) in preparation for reefing.  Review of daily worksheets of material 
removed from the ex-HMAS Adelaide (from Aug 2009 to Feb 2010) identified 



                                                 
44 Resource and Conservation Recovery Act of 1976. 
45 Babbit – Soft alloy metal lining of a journal bearing lubricated by oil. Bearing and shaft are separated by an oil film. 
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73.223 tonnes of Lead (Pb) removed.  This value is approximately the weight 
expected based on a 1994 NAVSEA FFG-7 Class weight and stability situation 
report #11 for U.S. ships.  Total ballast ranges were 35 to 145 long tons.   It 
appears that ballast lead was satisfactorily removed based on the weight removal 
log. 



 
iv) Battery connection leads, battery locker liners, sonar dome sound damping tiles, 



heater coils in drains, etc.    
 



(e) Cadmium (Cd) 
i)  



• Cadmium clad fasteners utilized in high temp applications. 
• Puget Sound Naval Shipyard also found Cd in paints, adhesives and 



Mastics. 
 
10.2 Organotin – sonar dome rubber window and paints. The sonar dome and transducer array was 



removed in 2008 by the RAN. No paint sampling was accomplished to characterize the ship’s 
hull regarding quantity of leachable metals present in the antifouling system. 



 
10.3 Rust Preventative Compound  
 



(a) Rust preventive compound is a preservative utilized inside of inaccessible voids on ships 
to prevent corrosion.  It is used to flow coat the inside of rudder, fin stabilizers, bilge 
keels, docking keel, bow leading edge inaccessible void, and inaccessible voids in the 
vicinity of the rudder under the steering gear room.  In the case of the Adelaide the 
rudder, and fin stabilizer were removed in 2008 at the RAN repair yard.   See Annexure 
G for MSDS and Drawing illustrating locations. 
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Abstract- Inactive warships would make excellent artificial 
reefs in coastal waters if preliminary data suggesting that 
they pose no threat to human health or the environment from 
contamination can be confirmed. A screening level ecorisk 
assessment was conducted on data from artificial reefs 
composed of ex-warships located off the coast of South 
Carolina to assess the potential risk of contamination from 
sunken warships. Contaminants of concern (COCs) can enter 
the system from releases from the sunken vessel or inputs 
from coastal waters. The assessment endpoints were the reef 
community and organisms that may frequent and forage on 
the reef. Primary exposure can occur to the reef community, 
which is composed of demersal fishes, epibenthic and 
benthic invertebrates, and primary producers and zooplank-
ton. Indirect exposure can occur through bioaccumulation in 
the food chain to avian omnivores, avian piscivores, and 
marine mammals. Benchmarks were developed for water, 
sediment, tissue residue, and dietary exposures. Estimates 
of exposure associated with ex-warship reefs were compared 
to estimates of exposure associated with (ii) other artificial 
reefs, (iii) natural reefs, and (iv) regional background and 
compared to the appropriate ecological effects benchmarks. 
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Fig. 1. Exposure pathways and assessment endpoints. 



 
I. INTRODUCTION 



 



Fig. 2. Locations of artificial reefs (flags) and reefs sampled by SCDNR [5] 
off the coast of South Carolina, USA. 



The anticipated benefits of building reefs with former warships 
(REEFEX) includes enhancing ecological resources by increasing 
the amount of productive hard-bottom habitat, using artificial reefs 
as marine protected and conservation areas, or using artificial 
reefs to provide alternative reefs for recreational fishing and diving 
so that natural reefs can be protected and conserved [1]. Artificial 
reefs can also provide economic benefits to local communities by 
increasing tourism and commercial activities associated with 
fishing and diving on the reef [2]. The Rand Corporation [3] 
concluded that more than $1.5 billion taxpayer dollars would be 
saved if decommissioned ships were “reefed” instead of “scrap-
ped.” However, there is concern that sunken ships could leach 
polychlorinated biphenyls (PCBs) and other contaminants that 
could impact ecological resources. The EPA has the authority to 
approve risk-based disposal of PCBs [4], if a finding of no unrea-
sonable risk of injury to human health and the environment can be 
made. This paper reports on the potential ecological risks of 
contaminants that could be released from sunken warships. 



 
Contaminants can enter the system through releases from the 



sunken vessel and inputs from coastal waters (Fig. 1). Primary 
exposure can occur to the reef community, which is composed of 
demersal fishes, epibenthic and benthic invertebrates, and prim-
ary producers and zooplankton. Indirect exposure can occur 
through bioaccumulation in the food chain to avian omnivores, 
avian piscivores, and marine mammals. The primary data used in 
the assessment included metals and PCBs measured in fish and 
invertebrate tissues collected from artificial reefs off the coast of 
South Carolina [5] (Fig. 2), PCBs measured in fish collected from 



an ex-Navy ship reef (ex-USS VERMILLION LKA 107) and a re-
ference reef [6], and data from laboratory leaching experiments on 
solid materials containing PCBs that could be on ex-Navy war-
ships [7]. Background data for the ecorisk screening were obtain-
ed from the Environmental Monitoring and Assessment Program 
(EMAP) Estuaries conducted for the Carolinian Province [8]. 



This work was sponsored by the Chief of Naval Operations, Code N4561, Arlington, VA.This work was sponsored by the Chief of Naval Operations, Code N4561, Arlington, VA.
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II METHODS 
 
The study area encompasses an area of the inner continental 



shelf along South Carolina, USA (Fig. 2). It includes the locations 
of the vessels sampled by the South Carolina Department of 
Natural Resources (SCDNR). The dynamic and heterogeneous 
nature of the study area calls for a regional approach to control for 
spatial variability. The locations evaluated included: artificial reefs 
composed of former warships (Navy Ship Reef ), artificial reefs 
composed of materials other than former warships (Other Artificial 
Reef ), naturally occurring hard bottom areas (Natural Reef ), 
and nonreef areas representative of regional or background condi-
tions (Carolinian Province Background).  
 



Benchmarks of effects for water (WB), and sediment (SB) con-
centrations and fish (TFish) and invertebrates (TInvert) tissue resi-
dues were developed (Table 1). The tissue benchmarks were for 
the bioaccumulation critical value (BCV – the tissue concentration 
that suggests water quality criteria was exceeded) [9], tissue-
screening value (TSV – the tissue concentration below which 
ecological effects are not expected) [10], critical body residues 
obtained from [11] corresponding to the no observed effect dose 
(NOED) and the lowest observed effect dose (LOED), and the no 
observed adverse effect levels (NOAEL) for dietary consumption 
of prey by osprey (DO), black duck (DBD), and dolphin (DD) [6]. Fish 
and invertebrate tissue residues were compared to the effects 
benchmarks. Risks to primary producers and zooplankton were 
evaluated by conservative benchmarks protective of aquatic life 
(TSV, BCV). Risks to demersal fish and reef invertebrates were 
evaluated by critical body residues (NOED, LOED). Risks to the 
food chain receptors (dolphins, omnivores, and piscivores, Fig. 1) 
were evaluated by comparing prey tissue concentrations to dietary 
benchmarks and assuming that 100% of the predators’ diet 
consisted of prey sampled from the reefs.   



 
To provide additional data for completion of the ecological [6] 



and human health [12] risk assessments, three species of fish 
commonly caught by sports fishers vermillion snapper (VS – 
Rhomboplites aurorubens), white grunt (WG – Haemulon plumieri), 
and black seabass (BSB – Centropristis striata), were collected 



from the ex-VERMILLION Reef and a natural hard bottom reef 
located about 4 nm from the ex-VERMILLION (Reference Reef, 
Fig. 2) [5, 8]. Fillets from the fish were analyzed for lipids, 30 
individual PCB congeners, 10 homologues, and total PCB.  



 
No sediment data from the South Carolina study area were 



available for the assessment, so sediment data from a study of the 
ex-USS AGERHOLM DD 826 were used to screen sediment 
exposure levels. Sunk during a military weapons test in 1982 
(SINKEX), the ex-AGERHOLM sits on the bottom, largely intact, 
at a depth of 2,750 ft (838 m) about 120 miles (193 km) off the 
coast of San Diego, CA [13]. Concentrations of chemicals 
measured in sediment obtained near the hull of the ex-
AGERHOLM (Inner Ring) and a reference location 1 km away 
from the hull (Outer Ring) were used to calculate hazard quotients 
by dividing the measured concentrations by the Effects Range 
Low (ERL) effects benchmarks for sediment [14].  
 



Empirical estimates of PCB leaching rates measured for felt 
gaskets, electric cable, paint, rubber, foam insulation, oils and 
greases, bulkhead insulation, and pure Aroclors [7] were used to 
simulate the leaching of PCBs from the ex-VERMILLION and 
estimate the instantaneous steady state concentration of total 
PCB around the ship (Fig. 3). Based on information available 
about the types of materials and PCB concentrations estimated to 
be present on the ex-AGERHOLM [15], low, average and high 
PCB loading scenarios were developed to simulate the leaching of 
PCBs from the ex-VERMILLION. The estimated concentrations 
were compared to the PCB water benchmarks and multiplied by 
bioconcentration factors to project the resulting PCB concentration 
in fish and shellfish.  



 
The model parameters were estimated as follows. The volume 



of water that contains the ship was determined from the dimen-
sions of the ex-VERMILLION: length 139.95 m (459 ft 2 in), beam 
19.20 m (63 ft), and height 16.76 m (55 ft) as 45,052,457 liters 
(45,052.5 m3). The average current velocity was obtained from the 
South Atlantic Bight Synoptic Offshore Observational Network 
(SABSOON), which is a real-time oceanographic observational 
network located on the southeastern continental shelf of the U.S. 
[16]. Current data from Station M2 of the SABSOON network 
were used to estimate bottom currents at the ex-VERMILLION 
reef. Located about 60 miles offshore of Savannah, GA, Station 
M2 records bottom currents at about the same depth (28 m, 91 ft) 
and location on the continental shelf as the ex-VERMILLION reef. 
The long-term average current velocity observed for bottom 
currents at Station M2 was 0.35 m/s (30,240 m/day) [16]. 



TABLE 1. TISSUE RESIDUE BENCHMARKS (µg/g DRY WEIGHT). 



Chem  BCV TSV NOED LOED DBD DO DD



Cd 2.4 0.2 1.6 3.6 64 32
Cr 3.2 0.7 0.7 1.7 44 22
Cu 2.5 12.0 0.3 3.2 2089 1044 108.1
Ni 1.5 1.5 3440 1720
Pb 1.6 0.3 10.2 16.1 50 25
Zn 15.2 80.0 644 322
PCB 24.3 1.7 6.0 7.2 8 4 1.3



Cd 186.0 0.2 4.5 6.5 81
Cr 20.0 0.9 0.7 7.2 56
Cu 62.0 15.0 36.0 40.5 2611 135.2
Ni 16.4 1.9 14.2 141.5 4300
Pb 81.0 0.3 20.0 101.8 63
Zn 1620.0 100.0 806
PCB 4.7 2.2 3.0 5.5 10 1.6



Fish Tissue (TFish)



Invertebrate Tissue (TInvert)



 



a(t) = rate of leaching from solids containing PCB
on the sunken ship



o(t) = i(t) = Rate of exchange with surrounding
water



r(t) = mass of PCBs removed due to flushing at 
time t



Other loss terms = 0



V = Well mixed volume of water around the ship
m(t) = mass of PCBs present in water around ship 



at time t



a(t)V
m(t)



i(t) o(t)
r(t)



a(t) = rate of leaching from solids containing PCB
on the sunken ship



o(t) = i(t) = Rate of exchange with surrounding
water



r(t) = mass of PCBs removed due to flushing at 
time t



Other loss terms = 0



V = Well mixed volume of water around the ship
m(t) = mass of PCBs present in water around ship 



at time t



a(t)V
m(t)



i(t) o(t)
r(t)



 
Fig. 3. Model used to estimate the concentration of PCBs in a well-



mixed volume of water around a sunken ship. 
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Conclusions were based on the evidence of potential eco-
logical harm, evidence of exceeding reference and background 
levels, and the degree to which data were available to support the 
assessment. The more harmful and elevated above reference and 
background the exposure was, the higher the risk. The reliability of 
the data was based on how much data were available, how 
quantitative the data were, and how well the data represented site 
conditions, spatial differences, temporal or seasonal variations, 
and responses from the stressors. 



 



III RESULTS 



 
Tissue residue data showed that exposure to PCBs, Pb, and 



Cd in tissues of fish and PCBs and Pb in invertebrates were 
higher in samples from Navy ship reefs (Fig. 4) than reference 
reefs. Most of the residue data were below effects levels for the 
reef community suggesting that there was negligible to low risk of 
exposure to demersal fish and reef invertebrates. There were 
physical and physiological differences between the fish from the 
reference and target reefs. Fish from the ex-VERMILLION reef 
had larger livers, higher hepatosomatic index, and fish from the 
reference reef had significantly less lipid content. On a dry weight 
basis, there were significantly higher PCB levels in black sea bass 
(BSB), vermillion snapper (VS), and white grunt (WG) sampled 
from ex-VERMILLION reef (Fig. 4). The PCB levels were not 
correlated to the hepatosomatic index. For food chain receptors, 
data on contaminant concentrations in prey were below dietary 
benchmarks suggesting that there is low risk of exposure to 
dolphins and fish eating birds, and negligible risk of exposure to 
diving birds. There was high confidence of negligible to low 
exposure to PCBs because supplemental fish sampling and 
analysis for PCBs was conducted for the assessment. Owing to 
limited data available for screening, the confidence in the conclu-
sions for the other chemicals of concern was low. 



 
Hazard quotients calculated for sediment data obtained from 



the ex-AGERHOLM study [13] showed that Cd, Cu, Ni, Ag, and 
Zn were higher in samples from the inner ring. Samples from the 
inner ring for Cd, Cu, Ni, and Zn exceeded the ERL and Ni 
concentrations exceeded the Effect Range Median [14]. The risk 
of sediment exposure was negligible for PCB, PAH, Cr, Hg, and 
Pb; low for Ag and Zn; medium for Cd and Cu; and adverse for Ni. 
Because the sediment benchmarks for Ni are overprotective [14], 
the finding of adverse exposure for Ni may be overly conservative. 
Data reliability for the sediment screening was good. Only one 
study was conducted at the SINKEX Site [13], but there were 
multiple sampling events (between 1998 and 1999), ten stations 
were sampled on the inner ring, eight stations were sampled on 
the outer ring, and all the data reported met the data quality 
objectives of the SINKEX study [13]. 



Empirical estimates of PCB leaching rates were used to 
simulate the leaching of PCBs from the ex-VERMILLION and 
estimate the instantaneous steady state concentration of total 
PCB around the ship. Because the empirical leaching rate of 
PCBs from oils and greases was not available, the leaching rate of 
pure Aroclor 1254 [7] was used in the model as an analogue for 
PCBs dissolved within residual oils and greases remaining on the 
ship following purging of fuel tanks and reservoirs [15]. The model 
showed that residual oils and greases and bulkhead insulation 
were the most important sources of PCB loading [6]. The 
estimated concentrations were compared to the PCB water 
benchmarks (0.03 ug/L for chronic and 10.0 ug/L for acute 
exposure [17]) and multiplied by bioconcentration factors to project 
the resulting PCB concentration in fish and shellfish (Table 2). The 
results showed that there was negligible risk of exceeding water 
column or tissue benchmarks (Table 1) for any of the loading 
scenarios evaluated.  



 
TABLE 2. CONCENTRATION OF TOTAL PCB RESULTING FROM 



STEADY STATE MODEL SCENARIOS. 



 Water Fish Invertebrate 
Loading Scenario µg/L ng/g dry ng/g dry 
Low  7.94 x 10-8 0.06 0.01 
Average 2.58 x 10-6 2.09 0.40 
High 5.99 x 10-6 4.85 0.93 



 
The results from the empirical leaching studies and 



hypothetical steady state model were used to evaluate the 
consequences of removing materials from the ship to reduce PCB 
loading (Table 3). In general, removing the materials with the high-
est leach rates would result in the greatest reduction in PCB load-
ing per unit material removed. Based on the empirical upper 
bound of the leach rate obtained from the solids tested [7] 
removing 1 g of pure Aroclor 1254 would reduce leaching by the 
same amount as removing 4 g of pure Aroclor 1268, 143 g of 
bulkhead insulation, 1.855 kg of foam insulation, 3.8 kg of felt 
gaskets, 5.3 kg of rubber products, 56.5 kg of paint, or 80 kg of 
electrical cable (Table 3.A). For the solid materials tested in the 
laboratory leaching experiments, the effect of decreasing PCB 
loading by reducing the amount of solid materials containing 
PCBs was evaluated using the steady state model. The steady 
state model takes into account both the quantity and concentration 
of PCBs in the materials estimated to be on the ship when it was 
sunk. Based on the average loading scenario, removing about 
150 g of bulkhead insulation would result in about the same 
reduction in PCB loading as removing about 4 kg of felt gaskets, 
30 kg of foam insulation, 200 kg of electrical cable, 300 kg of 
rubber products, or 500 kg of paint (Table 3.B).  
 



IV DISCUSSION 
 
The sources of uncertainty in the ecorisk screening asses-



sment included the implicit assumptions used to formulate the 
conceptual model, the uncertainty in interpreting critical values and 
benchmark concentrations, the complexities associated with 
multiple contaminant stressors, and the uncertainties arising from 
the lack of data and toxicological information on key components 
of the assessment endpoints used in the screening-level risk 
assessment.  



 
Differences in PCB concentrations measured in fish from Navy 



ship reefs and natural reefs may have more to do with the avail-
ability of food and foraging behavior of fish on the reefs than up-
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Fig. 5. Hazard quotients obtained for contaminants measured in deep-
sea sediments collected 3 m (Inner Ring) and 1 km (Outer Ring) from 
ex-AGERHOLM [13]. 


take of contaminants leached from the ship. The Vermillion Reef is 
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Fig. 4. Results of screening fish and invertebrate tissue concentrations against benchmarks of ecological effects. 
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 TABLE 3. THE DECREASE IN PCBS RELEASED AS A RESULT OF REMOVING DIFFERENT AMOUNTS OF SOLID MATERIALS 



CONTAINING PCBS USING LABORATORY RESULTS (A) AND THE AVERAGE STEADY STATE MODEL DEVELOPED FOR THE 
EX-VERMILLION (B). 



Material



Material 
Containing 



PCBs



Total 
Weight of 



PCBs
Fraction 



PCB



Leaching 
rate of 
PCB



Leaching 
rate of PCB



Release Rate 
(a)



AMOUNT 
REMOVED



DECREASE 
in RELEASE



A. Laboratory Results Kg
g PCB in 



solid
g PCB/g of 



solid
ng of PCB/ 
g solid/day



ng PCB/ g 
PCB in 



solid/ day
ng PCB 



released/day
Kg solid 
removed



ng PCBs 
released/day



Felt Gaskets 0.93 3.769           3,505.35        
Electric Cable 0.044 79.667         3,505.35        
Paint 0.062 56.538         3,505.35        
Rubber 0.66 5.311           3,505.35        
Foam Insulation 1.89 1.855           3,505.35        
Pure Aroclor 1254 3505.35 0.001           3,505.35        
Pure Aroclor 1268 838.00 0.004           3,505.35        
Bulkhead Insulation 24.45 0.143           3,505.35        
Oils & Greases No Empirical Data
B. Model Results
Felt Gaskets 151.2            30,298       0.20041 0.93 4                122,511 4.326 3,505.35        
Electric Cable 50,559.7       22,299       0.00044 0.044 37              817,641 216.757 3,505.35        
Paint 186,255.9     9,146         0.00005 0.062 144            1,318,797 495.066 3,505.35        
Rubber 4,989.0         140            0.00003 0.66 413            57,623 303.494 3,505.35        
Foam Insulation 30.2              15              0.00050 1.89 212            3,210 30.236 3,210.49        
Bulkhead Insultation 30.2              13              0.00044 24.45 55,568       739,279 0.143 3,505.35        



a All material removed from ship  
 



Photo by SCDNR



Photo by SCDNR



Photo by SCDNR



Photo by SCDNR
 



 
Fig. 6. Differences in structure of natural reefs (left panels) and Navy ship reefs (right panels). 
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about 140 m long and provides high relief up to about 17 m. The 
reference reef is a relatively small area (45 m long) of naturally 
occurring hard bottom or “live bottom,” consisting of intermittent 
rocky outcroppings with low to moderate relief (extending to 2.4 
m). The higher relief and greater size of the artificial reef may 
provide more habitat for development of epibenthic biomass 
comprising different links in food chain than is present on the 
natural reef (Fig. 6). Since all specimens were collected at about 
the same time, it is unlikely that spawning or migration could 
account for the differences measured. It may be hypothesized that 
something related to feeding behavior, such as more concentrated 
food on the artificial reef, less energy consumed by the fish living 
at the artificial reef, and plenty of crevices and compartments on 
the artificial reef to easily avoid predators could cause the observ-
ed differences. White grunt feed lower on the food chain than 
vermillion snapper and black sea bass so it is reasonable to 
suspect that white grunt are feeding on prey that are in closer 
proximity to the reef and spend more time on the reef than vermil-
lion snapper and black sea bass. The largest fish collected were 
white grunts caught on the Vermillion Reef and these were the fish 
with the highest levels of PCBs (Fig. 4). 



 
There is uncertainty about the tissue residue benchmarks 



used to screen the fish and invertebrate tissue data. Many of the 
tissue residue benchmarks were derived from toxicity data on 
freshwater species [11] because toxicity data on reef organisms 
are not widely available. The TSV represents a conservative initial 
screening value capable of eliminating chemicals that do not pose 
significant risks to aquatic biota. If a TSV is exceeded it does not 
necessarily mean that an observed tissue concentrations poses 
an adverse risk to biota, rather it indicates that the chemical 
requires a more detailed evaluation in later phases of the 
ecological risk assessment [18]. Uncertainty factors were used to 
account for some of the uncertainty, but in many cases application 
of the uncertainty factors may make the conclusions overly con-
servative. The assumption that food chain receptors would 
consume 100% of their diet from the target reefs is very con-
servative. The dietary benchmarks were based on prey consump-
tion and direct ingestion of surface water and sediment were not 
included. Exposure from incidental contact with sediment would 
be negligible for predators in the reef environment.  



 
There was a fair amount of uncertainty in using data from the 



deep ocean study of the ex-AGERHOLM to infer sediment ex-
posure conditions that could occur at a shallow water artificial reef. 
The lower temperature and higher pressure at the deep ocean site 
results in lower leaching rates of PCBs from solid materials than 
the laboratory leach rates measured under warmer and shallower 
water artificial reef conditions [7]. On the other hand, the isolated 
environment at the deep ocean site effectively creates a “closed” 
system for evaluating contaminant accumulation in the sediment 
than would occur at a shallow water reef with much greater 
currents, open water exchange, and dissipation of contaminants 
released from the ship. Furthermore, there is also uncertainty 
about other sources of coastal pollution present in the shallow 
water reef environment. The ex-AGERHOLM site is more of a 
depositional environment (sedimentation rates of 0.03 – 0.07 
cm/yr, [13]) than the reefs studied off the coast of South Carolina, 
which are subject to erosive forces like hurricanes and other 
sediment transport processes.  



 
There is also uncertainty associated with the sediment 



benchmarks and their applicability to evaluate exposure to deep 
ocean (SINKEX) and shallow ocean (REEFEX) organisms. 
Because the ERL and ERM were developed from studies 
conducted in near coastal and estuarine systems, the benchmarks 



are more applicable to REEFEX than SINKEX. The ERL for a 
particular chemical represents the lower 10th percentile of 
observed toxicity effects of all chemicals when the chemical is 
present [14]. The ERM represents the median concentration of the 
chemical in samples that were toxic. The ERL represents the 
value at which toxicity may “begin to occur in the [most] sensitive 
species” [17]. Because there is a significant degree of correlation 
between individual chemicals in the studies conducted to 
determine the ERL and ERM benchmarks, there is uncertainty 
about the cause of toxicity and the confidence of individual ERL 
and ERM values to predict toxicity for individual chemicals. There 
is a relatively weak relationship between toxicity and the 
benchmarks for Ni, Hg, and total PCB so the sediment bench-
marks should be used with caution [14]. The benchmarks for Ni 
had the lowest incidence of effect (toxicity was generally over 
predicted [14]).  



 
Possibly the greatest difference between the shallow and deep 



reefs is the food chains present at the sites. The relative lack of 
epibenthic organisms present on the ex-AGERHOLM compared 
to the dense growth present on the ex-VERMILLION, could be 
attributed to the lack of primary producers and epibenthic larvae 
for recruitment at the deep ocean site, which are abundantly plen-
tiful in shallow, coastal waters. Since the reef community is the 
primary route of exposure for contaminant accumulation at shal-
low water reefs, sediment accumulation would not be as important 
for assessing risk as the direct accumulation by reef dwelling 
organisms. Another source of uncertainty is that the SINKEX 
study consisted of only a single vessel, so it is unknown how re-
presentative the ex-AGERHOLM is of other ex-warships. At the 
very least, the SINKEX sediment data provide an indication of the 
relative magnitude and types of chemicals that could be released 
into the surrounding environment from a “typical” ex-warship. 



 
Estimates of water and tissue concentrations based on steady 



state leaching showed that water exposure and tissue levels of 
PCB were very low (Table 2) which indicates negligible exposure 
from contact with surface water at the reef [6]. The leach rates 
reported by [7] were applied to the mass of PCBs present on the 
ex-VERMILLION to derive the release rate a(t) (Table 3A). These 
leach rate values represent the maximum PCB release for PCB 
molecules present in the solid up to the weight fraction in the solid 
tested, and includes the effect of transport being inhibited by the 
solid matrix (stationary phase) in which the PCBs reside. This is 
why the rate is expressed as shipboard-solid-specific and normal-
ized to the mass of shipboard solid tested, rather than to the mass 
of PCBs in the solid tested (Table 3B).  



 
The highest leach rate was for oils and greases, because the 



leaching rate of pure Aroclor 1254 was used as a proxy for PCBs 
in oils and greases. The leaching of PCBs from oils and greases 
was obtained by assuming that all the PCBs within oils and 
greases were present as Aroclor 1254 and that the Aroclor 
leached at the same rate as the pure Aroclor measured in the 
laboratory leaching experiment. This overestimates the leaching, 
because pure Aroclor 1254 probably has a higher leach rate than 
Aroclor 1254 dissolved in oils and greases. It represents the 
highest possible leaching, if PCBs were present in non-mobile, 
non-soluble, non-dispersing residual oils and greases. The lack of 
empirical data on PCB leaching in oils and greases was identified 
as a major source of uncertainty in the model.  



 
The steady state model assumed that there is no loss of PCB 



from adsorption, degradation, bioaccumulation, or partitioning, but 
simply focuses on the maximum “available” PCB released into the 
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environment (all other loss terms are set to zero, Fig. 3). This 
greatly simplifies the modeling exercise and allows the relative 
importance of leaching from the solid materials on the ship to be 
evaluated. More detailed model constructs are needed to evaluate 
PCB fate and potential effects in the environment and the 
development of such models [13, 19] was beyond the scope of 
this screening level ecorisk assessment.  



 
The mass of the solid materials containing PCBs on the ex-



VERMILLION was obtained by multiplying the estimates for the 
ex-AGERHOLM by a scale factor of 3.33 to account for greater 
size of the ex-VERMILLION. This imparts uncertainty to the 
loading estimates, because there are fundamental differences in 
the materials present on a troop transport ship (noncombatant) 
versus a destroyer (combatant). Because the ex-VERMILLION 
was a troop transport ship, there is more berthing areas, ducts, 
vents, etc. on the ex-VERMILLION (per unit volume) than the ex-
AGERHOLM, therefore, scaling by volume may underestimate the 
total amount of felt gaskets and other comfort materials like 
bulkhead insulation. Conversely, cabling and oils and greases 
may be overestimated because there are more electrical and 
power plant systems per unit volume on a destroyer. 



 
When the ex-VERMILLION and other similar ships were 



prepared for sinking in the 1980's, SCDNR was not aware that 
solid materials containing PCBs were present onboard the vessel. 
Therefore, no effort was made to remove specific materials for this 
reason. The vessel was prepared to acceptable standards for 
artificial reef construction activity in the U.S. at that time [20]. All 
commonly encountered potential shipboard pollutants such as 
fuels, oils, solid or liquid chemicals, liquid PCBs (electrical 
transformers and switchboards), and floatable materials such as 
plastics or wood were removed and properly disposed of by the 
contractor. To facilitate use of the ship in 110 feet of water and 
minimize its risk as a possible hazard to navigation, the overall 
height of the vessel was reduced to no greater than 55 feet (17 m) 
above the keel.  All structure above the O1 level was removed.  
Large holes were cut in the sides of the ship and between 
watertight bulkheads.  Removing or welding internal doors and 
hatches open further breached internal watertight integrity (Fig. 7). 
After final inspection by U.S. Coast Guard Marine Safety Office 
Wilmington, the vessel was towed to its final destination and sunk 
by the use of explosive charges set by U.S. Navy Explosive 
Ordnance Disposal personnel (EOD Mobile Unit Six). The 
Vermillion sank quickly, and settled in an upright position on 
barren flat sand bottom 110 feet (33 m) deep, approximately 32 
nautical miles southeast of the port of Georgetown, SC (Fig. 2). 
Today the Vermillion Reef remains a viable reef environment 
supporting a diverse array of reef fishes and invertebrates (Fig. 8) 
and it is a desirable destination for sports fishers [12] and divers. 



 
The main sources of uncertainty for the tissue screening were 



the limited amount of data for screening, the uncertainty about the 
tissue benchmarks, the assumptions required to assess dietary 
exposure, and the applicability of reference and background data. 
There were no data available to screen tissue concentrations for 
PAHs, Ag, As, Hg, and Zn. Quantitative data were available for 
the screening but the data were only from a single study (except 
for the supplemental fish sampling for PCBs) and the data were 
limited to 2 samples for fish and less than 10 invertebrate samples 
from the Navy vessel reef group. Additionally, hazard quotients 
and hazard indices do not take into account biological availability 
and other site-specific factors. While exceeding an HQ=1 or HI=10 
in the reference area has little to do with risk from the sunken ship, 
these metrics presumably reflect the background risk and the 
difference between the reference and target reefs is the incre-



mental or potential increase in risk that could be attributed to the 
presence of a sunken ship. Due to the conservative estimates 
used in the screening analysis, it is very unlikely that potential risks 
were under estimated. 
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Fig 7. The ex-VERMILLION prior to sinking. 



 



V CONCLUSIONS 
 
A screening-level ecorisk assessment was conducted on data 



from artificial reefs located off the coast of South Carolina to 
assess the potential risk of contaminants that could be released 
from sunken Navy vessels. The conclusions were based on 
evidence of potential ecological harm, evidence of exceeding 
reference and background levels, and the degree to which data 
were available to support the assessment. The screening level 
assessment found that the risk of sediment exposure was 
negligible for PCBs, PAHs, Cr, Hg, and Pb; low for Ag and Zn; 
medium for Cd and Cu; and adverse for Ni. Because the sediment 
benchmarks for Ni are overprotective [14], the finding of adverse 
exposure for Ni may be overly conservative. The data reliability for 
the sediment screening was good, but there was a fair amount of 
uncertainty associated with the sediment screening due to 
extrapolating from the deep ocean SINKEX site, so there was a 
medium level of confidence in the conclusions.  



 
Tissue residue data showed that exposure to PCBs, Pb, and 



Cd in tissues of fish and PCBs and Pb in invertebrates were 
higher in samples from ex-Navy ship reefs than reference reefs, 
but most of the residue data were below effects levels for the reef 
community suggesting that there was negligible to low risk of 
exposure to demersal fish and reef invertebrates. For food chain 
receptors most data for contaminant concentrations in prey were 
below dietary benchmarks suggesting that there is low risk of 
exposure to dolphins and fish eating birds, and negligible risk of 
exposure to diving birds. There was high confidence of negligible 
to low risk of exposure to PCBs because supplemental fish sampl-
ing and analysis for PCBs was conducted for the assessment. 
Owing to limited data available for screening, the confidence in the 
conclusions for the other chemicals of concern was low. 



 
Results from the empirical leaching studies and hypothetical 



steady state model were used to evaluate the consequences of 
removing materials from the ship to reduce PCB loading. For the 
average loading scenario, the greatest reduction in potential PCB 
release would be gained by removing bulkhead insulation. 
Because considerably more effort is required to remove certain 
types of materials than others, removing relatively small quantities 
of bulkhead insulation and using extra care to clean up oils and 
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greases in areas where they may of come into contact with PCBs 
would greatly reduce the amount of PCBs leached and further 
reduce potential risk of exposure to PCBs. Based on the finding of 
negligible to low ecological risk of exposure to PCBs, creating 
artificial reefs with former Navy vessels containing PCBs in solid 
materials will not pose an unacceptable risk to the environment. 
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Introduction 
 
The FY04 National Defense Authorization Bill (HR 1588 Sec 1013) permits 
decommissioned ships stricken from the Naval Vessel Register to be transferred to States 
for use as artificial reefs1. This new artificial reefing authority allows the Navy’s Inactive 
Ships Program under PEO SHIPS to reduce their inventories of unneeded vessels.  
 
The Navy's program objective is to reduce the size of the inactive ships inventory in a 
cost-effective and environmentally sound manner. The Navy will accomplish the 
environmental remediation of transferred vessels in accordance with draft EPA Best 
Management Practices2.  The purpose of this report, determining the amount of PCB 
containing materials aboard the subject vessel, supports those objectives. 
 
The vessel, the first warship offered for transfer by the Navy for sinking as an artificial 
reef, is the ex-Oriskany (CVA 34).   



Background 
 
USS Oriskany, a 27,100 ton Ticonderoga class aircraft carrier, was built at the New York 
Navy Yard. Though she was launched in October 1945, construction was suspended in 
August 1947 and she was completed to a revised design that was also used in 
modernizing several other ships of the Essex and Ticonderoga classes3. Designated SCB-
27, the modernization was very extensive, requiring two years for each carrier.   Oriskany 
became the prototype.  To handle much heavier, faster aircraft, flight deck structure was 
massively reinforced. Stronger elevators, much more powerful catapults, and new 
arresting gear were installed. 
 
A distinctive new feature was a new island. Ready rooms were moved to below the 
hangar deck, with a large escalator on the starboard side amidships to move airmen up to 
the flight deck. Internally, aviation gasoline storage was increased by nearly half and its 
pumping capacity enhanced. Also improved were electrical generating power, fire 
protection, and weapons stowage and handling facilities. All this added considerable 
weight: displacement increased by some twenty percent.  Essex was the second carrier to 
be modernized to the SCB-27A design4. 
 
Commissioned in September 1950, Oriskany deployed to the Mediterranean Sea between 
May and October 1951 and steamed around Cape Horn to join the Pacific Fleet in May 
1952. She made one Korean War combat cruise, from September 1952 to May 1953. 
 
Oriskany was out of commission from January 1957 until March 1959, during which time 
she was modernized with an angled flight deck, steam catapults, an enclosed "hurricane" 
bow and many other improvements that permitted safer operation of high-performance 
aircraft. In 1961, she became the first aircraft carrier to be fitted with the revolutionary 
Naval Tactical Data System (NTDS). 
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After twenty-six years of service, USS Oriskany was decommissioned in September 
1976. She was stricken from the Naval Vessel Register in July 1989 and sold for 
scrapping in 1994, but was repossessed by the US Government in 1997.  Oriskany is 
presently being prepared for use as an artificial reef at Texas Dock and Rail Company in 
Corpus Christi, Texas by Resolve Marine. The Navy is pursuing a risked-based disposal 
approval under 40 CFR 761 from the EPA before transferring the ship to the State of 
Florida for use as an artificial reef by the Florida Fish and Wildlife Conservation 
Commission. The following report provides estimates of PCB-containing material 
quantities found aboard the vessel to assist Navy and EPA authorities in determining that 
risk.  Oriskany will eventually be sunk, and become part of the Escambia East Large 
Area Artificial Reef Site, off Pensacola.   
 



 
Figure 1 Oriskany at Texas Dock & Rail 



Methodology 
 
PCB-containing materials were identified aboard Oriskany through PMS 333’s routine 
sampling protocol for vessels during the inactivation process5, 6.  Materials/components 
found to contain PCBs at some concentration include paints, rubber products, electrical 
cable insulation, bulkhead insulation, ventilation gaskets, and lubricants.  Therefore, the 
scope of this study is limited to quantifying, by the best available means, the amount of 
these materials aboard Oriskany and calculating the PCBs available in these materials 
that could be potentially released into the environment if left aboard (the PCB source 
term). 
 
Wherever possible, data from the Oriskany was used in the quantification process.  PCB 
concentration data from samples collected aboard the ship were used exclusively5, 6, and 7.  
The ship was also visually inspected and onsite personnel involved in the preparation of 
the ship were interviewed by CACI personnel to verify the presence of targeted materials, 
define possible remediation/salvage scenarios, and to ensure no other materials 
historically found to contain PCBs on Navy ships (such as impregnated felt) were aboard 
Oriskany. 
 
Where weight/quantity data was not directly available for Oriskany, data from surrogate 
vessels were used to approximate conditions found on Oriskany as closely as possible.  
Surrogate vessels were selected using the following criteria:  1. data readily available, 2. 
data from the same class (Essex/Ticonderoga Class), 3. data from another aircraft carrier, 
4. data from a large combatant built in the same era.  Fortunately, information 
unavailable for Oriskany necessary to quantify the material aboard was found for the 
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Essex (CV-9) and the Lexington (CV-16).  Specifically, a microfiche copy of the Final 
Weight Report (FWR) for USS Essex8 was acquired from NSWC Carderock Code 224, 
and the fan list for USS Lexington was acquired from John J. McMullen Associates.  The 
use of these documents, along with other estimating assumptions will be discussed in 
greater detail in the Results section of this report. 
 
After determining the initial (as built) quantity of a subject material, the material weight 
(in pounds) was adjusted by various factors to approximate as closely as possible the 
existing conditions aboard Oriskany.  These correction factors include “growth rates” for 
materials that accumulate over the life cycle of the vessel, remediation (reduction) ratios 
for materials removed during preparation, or conservative multipliers to account for 
undocumented material quantities. 
 
The total estimated existing material weights were then multiplied by the mean and 95% 
upper confidence limit (UCL) PCB concentration of all samples of a given material to 
derive the weight of PCBs attributable to each type of PCB-containing material within 
the scope of the study.  These Source Terms were then totaled to derive the mean and 
95% UCL of the mean Total Weight of PCBs. 



Results 
 



Bulkhead Insulation 
 
PMS 333 collected thirty-two samples of bulkhead insulation for PCB analysis.  All 
samples were analyzed by Puget Sound Naval Shipyard.  Results reported as less than the 
method detection limit (MDL) were calculated as one half of the MDL for the purpose of 
determining the mean PCB concentration for the material. 
 
Table 1 Bulkhead Insulation Sample Results 
 



Sample # 
MDL 
ppm 



PCBs 
ppm 



Calculated 
PCBs ppm



     
95PS00019-001 5 53 53
95PS00019-002 5 6100 6100
95PS00019-003 5 60 60
95PS00019-004 5 45 45
95PS00019-005 5 <5 2.5
95PS00019-006 5 5.9 5.9
95PS00019-007 5 <5 2.5
95PS00019-008 5 <5 2.5
95PS00019-009 5 <5 2.5
95PS00019-010 5 <5 2.5
95PS00019-011 5 11 11
95PS00019-012 5 <5 2.5
95PS00019-013 5 <5 2.5
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95PS00019-014 5 18 18
95PS00019-015 5 7.4 7.4
95PS00019-016 5 <5 2.5
95PS00019-017 5 6.4 6.4
95PS00019-018 5 7.3 7.3
95PS00019-019 5 5.5 5.5
95PS00019-020 5 6.6 6.6
95PS00019-021 5 130 130
95PS00019-022 5 39 39
95PS00019-023 5 320 320
95PS00019-024 5 15 15
95PS00019-025 5 6.9 6.9
95PS00019-026 5 <5 2.5
95PS00019-027 5 11 11
95PS00019-028 5 <5 2.5
95PS00019-029 5 <5 2.5
95PS00019-030 5 <5 2.5
95PS00019-031 5 <5 2.5
95PS00019-032 5 <5 2.5
   Mean 215.1



    
 95% 
UCL  587.7



 
 
The estimated quantity of bulkhead insulation aboard Oriskany was determined from a 
review of the Essex FWR listing for Group 22 d-2 “Bulkheads” and 49 individual weight 
entries were summed to calculate a total weight of 115, 695 lbs of bulkhead insulation.  
This weight is assumed to be equivalent to the weight aboard Oriskany with no 
correction. 
 



 
Figure 2 Typical space with peeling paint and bulkhead insulation. 
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Rubber Products 
 
PMS 333 collected 30 samples of rubber products (door gaskets, pipe hangers, mounts, 
etc.) for PCB analysis.  Twenty-nine samples were analyzed by Puget Sound Naval 
Shipyard and one sample was analyzed by Norfolk Naval Shipyard.  Results reported as 
less than the method detection limit (MDL) were calculated as one half of the MDL for 
the purpose of determining the mean PCB concentration for the material. 
 
Table 2  Rubber Products Sample Results 
 



Sample # 
MDL 
ppm 



PCBs 
ppm 



Calculated 
PCBs ppm 



     
95PS00032-001 5 32 32
95PS00032-002 5 10 10
95PS00032-003 5 24 24
95PS00032-004 5 130 130
95PS00032-005 5 6.5 6.5
95PS00032-006 5 54 54
95PS00032-007 5 29 29
95PS00032-008 5 14 14
95PS00032-009 5 <5 2.5
95PS00032-010 5 19 19
95PS00032-011 5 8.9 8.9
95PS00035-015 5 12 12
95PS00035-016 5 58 58
95PS00035-017 5 <5 2.5
95PS00035-018 5 110 110
95PS00035-019 5 <5 2.5
95PS00035-020 5 17 17
95PS00035-021 5 46 46
95PS00035-022 5 13 13
95PS00035-023 5 <5 2.5
95PS00035-024 5 28 28
95PS00035-025 5 12 12
95PS00035-026 5 110 110
95PS00035-027 5 92 92
95PS00035-028 5 39 39
95PS00035-029 5 120 120
95PS00035-030 5 33 33
95PS00035-031 5 49 49
95PS00035-032 5 42 42
91NN00999-044 1 <1 0.5
    Mean 37.3



  
 95% 
UCL 50.9
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The estimated quantity of rubber products aboard Oriskany was determined by a review 
of the Essex FWR listing for Group 36 “Doors and Hatches”.  These weights are assumed 
to be directly equivalent to Oriskany, with the following correction.  There was no 
available weight data for other rubber products, so a conservative multiplier of two was 
applied to the calculated total weight of door/hatch gaskets (the most abundant source of 
rubber material) to account for unquantifiable rubber products. 
 
The weight of door, hatch, manhole, and scuttle gaskets was derived by counting the 
quantity of each category from the Group 36 listing.  An average weight of gasket for 
each category was derived by calculating the average perimeter of each closure size and 
multiplying that perimeter by 0.34 lb/ft, the weight of MIL-R-900 standard rubber gasket 
stock. 
 
Table 3 Door Gasket Weights 
 



  
Door 
Sizes   



     



L in W in 
Perim. 



In ft lbs 
18 36 108 9.0 3.1 
26 45 142 11.8 4.0 
26 54 160 13.3 4.5 
26 57 166 13.8 4.7 
26 66 184 15.3 5.2 
30 66 192 16.0 5.4 



     
   Average 4.5 



 
Table 4 Hatch Gasket Weights 
 



  
Hatch 
Sizes   



     



L in W in 
Perim. 



In ft lbs 
24 36 120 10.0 3.4 
30 30 120 10.0 3.4 
30 36 132 11.0 3.7 
30 48 156 13.0 4.4 
30 60 180 15.0 5.1 
36 42 156 13.0 4.4 
36 60 192 16.0 5.4 
36 72 216 18.0 6.1 
48 48 192 16.0 5.4 
60 60 240 20.0 6.8 



     
   Average 4.8 
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Table 5  Manhole Gasket Weights 
 



  
Manhole 



Sizes   
     



L in W in Perim. In ft lbs 
15 18 66 5.5 1.9 
15 23 76 6.3 2.2 



     
   Average 2.0 



 
 
Table 6  Scuttle Gasket Weights 
 



  Scuttle Sizes   
     



Dia. In  Perim. In ft lbs 
18  56.5 4.7 1.6 
21  66.0 5.5 1.9 



     
   Average 1.7 



 
 
Table 7  Rubber Product Weight Summary 
 
Weight 
Summary        
Rubber 
Products        



        
Gaskets Doors Hatches M.H. Scuttles Multiplier   



Count 844 193 532 88    
 Avg. 
Lb/gasket 4.5 4.8 2.0 1.7    



Total lbs 3794.2 931.8 1070.2 152.7 2 11898.0 
Grand 
Total lbs 



 
The result of the analysis showed 1,567 closures with a corresponding weight of gaskets 
of 5,949 lbs.  The conservative multiplier of two resulted in a total estimated weight of 
rubber product aboard Oriskany of 11, 989 lbs. 



Paints 
 
PMS 333 collected five samples of paint products for PCB analysis.  These samples were 
analyzed by Puget Sound Naval Shipyard. ESCO Marine collected two composite 
samples of removed paint chips from Oriskany that were analyzed by Analab.  Results 
reported as less than the method detection limit (MDL) were calculated as one half of the 
MDL for the purpose of determining the mean PCB concentration for the material. 
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Table 8  Paint Sample Results 
 



Sample # 
MDL 
ppm



PCBs 
ppm 



Calculated 
PCBs ppm



Analab 655039 1 24.4 24.4
Analab 655040 1 15.2 15.2
95PS0032-012 5 <5 2.5
95PS0032-013 5 <5 2.5
95PS0032-014 5 <5 2.5
95PS0032-015 5 28 28
95PS0032-016 5 5.8 5.8
   Mean 11.6



    
 95% 
UCL  19.7



 
The estimated quantity of paint aboard Oriskany was determined from a review of the 
Essex FWR listing for Group 24 a “Paints and Varnishes” and after non-paint entries 
were eliminated, the remaining entries were summed to calculate a total weight of 
298,999 lbs of paint.  This weight is assumed to be equivalent to the weight aboard 
Oriskany with no correction. 
 



Electrical Cable Insulation 
 
PMS 333 collected 59 samples of electrical cable/wire insulation for PCB analysis.  Fifty 
samples were analyzed by Puget Sound Naval Shipyard and nine samples were analyzed 
by Norfolk Naval Shipyard.  Results reported as less than the method detection limit 
(MDL) were calculated as one half of the MDL for the purpose of determining the mean 
PCB concentration for the material. 
 



 
Figure 3  Cable trays in auxiliary machine room. 
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Table 9  Cable Insulation Sample Results 
 



Sample # 
MDL 
ppm 



PCBs 
ppm 



Calculated 
PCBs ppm



     
95PS00034-001 5 110 110
95PS00034-002 5 580 580
95PS00034-003 5 10 10
95PS00034-004 5 22 22
95PS00034-005 5 9.5 9.5
95PS00034-006 5 80 80
95PS00034-007 5 67 67
95PS00034-008 5 6.1 6.1
95PS00034-009 5 38 38
95PS00034-010 5 6.2 6.2
95PS00034-011 5 400 400
95PS00034-012 5 140 140
95PS00034-013 5 290 290
95PS00034-014 5 110 110
95PS00034-015 5 2200 2200
95PS00034-016 5 <5 2.5
95PS00034-017 5 56 56
95PS00034-018 5 12000 12000
95PS00034-019 5 94 94
95PS00034-020 5 85 85
95PS00034-021 5 37 37
95PS00034-022 5 24 24
95PS00034-023 5 23 23
95PS00034-024 5 12 12
95PS00034-025 5 11000 11000
95PS00034-026 5 63 63
95PS00034-027 5 100 100
95PS00034-028 5 13 13
95PS00034-029 5 45 45
95PS00034-030 5 29000 29000
95PS00034-031 5 80 80
95PS00034-032 5 150 150
95PS00035-001 5 42 42
95PS00035-002 5 290 290
95PS00035-003 5 19000 19000
95PS00035-004 5 71 71
95PS00035-005 5 30 30
95PS00035-006 5 38 38
95PS00035-007 5 85 85
95PS00035-008 5 180 180
95PS00035-009 5 95 95
95PS00035-010 5 67 67
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95PS00035-011 5 59 59
95PS00035-012 5 18 18
95PS00035-013 5 65 65
95PS00035-014 5 110 110
95PS00032-017 5 580 580
95PS00032-018 5 150 150
95PS00032-019 5 140 140
95PS00032-020 5 10000 10000
91NN00999-046 1 <1 0.5
91NN00999-048 1 29 29
91NN00999-054 1 78 78
91NN00999-057 1 15 15
91NN00999-066 1 33 33
91NN00999-067 1 13 13
91NN00999-080 1 23 23
91NN00999-082 1 8 8
91NN00999-085 1 70 70
   Mean 1493.9



    
 95% 
UCL  2766.0



 
The estimated quantity of electrical cable insulation aboard Oriskany was determined 
from a review of the Essex FWR listing for Group 44 “Electrical Plant” The total 
reported weight of the electrical plant was listed as 1,551,498 lbs.  NSWCCD Code 244 
conducted a review of other CV/CVN weight reports and determined the cable to 
electrical plant weight ratio to be 36%.  Using this ratio, the weight of cable from the 
FWR calculates to 558,539.3 lbs.  A study of the Navy Cable Inventory conducted by 
Westinghouse MTD found that the percentage of insulation in any given quantity of bulk 
cable is 72.26% for a typical combatant.  Multiplying the estimated weight of cable by 
the insulation percentage gives an estimated weight of cable insulation of 403,600.5 lbs.  
This weight is assumed to be equivalent to the weight aboard Oriskany with no additional 
correction. 
 



Ventilation Gaskets 
 
The visual inspection of the Oriskany in Corpus Christ, TX revealed that no ventilation 
gaskets were impregnated felt material.  Of all gaskets observed, 95% were rubber, 5% 
were compressed hard fiber material.  PMS 333 collected 34 samples of ventilation 
gasket material for PCB analysis.  All samples were analyzed by Norfolk Naval 
Shipyard.  Results reported as less than the method detection limit (MDL) were 
calculated as one half of the MDL for the purpose of determining the mean PCB 
concentration for the material. 
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Table 10  Ventilation Gasket Sample Results 
 



Sample # 
MDL 
ppm 



PCBs 
ppm 



Calculated 
PCBs ppm



     
91NN00999-045 1 <1 0.5
91NN00999-047 1 <1 0.5
91NN00999-049 1 7 7
91NN00999-050 1 <1 0.5
91NN00999-051 1 <1 0.5
91NN00999-052 1 <1 0.5
91NN00999-053 1 <1 0.5
91NN00999-055 1 49 49
91NN00999-056 1 <1 0.5
91NN00999-058 1 22 22
91NN00999-059 1 6 6
91NN00999-060 1 5 5
91NN00999-061 1 6 6
91NN00999-062 1 210 210
91NN00999-063 1 8 8
91NN00999-064 1 11 11
91NN00999-065 1 50 50
91NN00999-068 1 13 13
91NN00999-069 1 33 33
91NN00999-070 1 <1 0.5
91NN00999-071 1 <1 0.5
91NN00999-072 1 5 5
91NN00999-073 1 41 41
91NN00999-074 1 <1 0.5
91NN00999-075 1 78 78
91NN00999-076 1 <1 0.5
91NN00999-077 1 <1 0.5
91NN00999-078 1 63 63
91NN00999-079 1 <1 0.5
91NN00999-081 1 35 35
91NN00999-083 1 <1 0.5
91NN00999-084 1 <1 0.5
91NN00999-086 1 25 25
91NN00999-087 1 15 15
   Mean 20.3



    
 95% 
UCL  33.5



 
A review of the fan list of Lexington (CV 16) determined that, based on an algorithm 
developed by naval ventilation engineers using the number and size of fans, the 
ventilation system contains 6700 flanges.  The average gasket weight per flange is 0.4 
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lbs.  This results in a total ventilation gasket weight of 2680 lbs.  This weight is assumed 
to be equivalent to the weight aboard Oriskany with no additional correction. 
 



Lubricants 
 
PMS 333 collected 11 samples of lube oils and greases for PCB analysis.  Ten samples 
were analyzed by Puget Sound Naval Shipyard and one sample was analyzed by Norfolk 
Naval Shipyard.  Results reported as less than the method detection limit (MDL) were 
calculated as one half of the MDL for the purpose of determining the mean PCB 
concentration for the material. 
 
Table 11  Lubricant Sample Results 
 



Sample # 
MDL 
ppm



PCBs 
ppm 



Calculated 
PCBs ppm



    
91NN00999-001 1 <1 0.5
95PS00029-001 1 150 150
95PS00029-002 1 230 230
95PS00029-003 1 <1 0.5
95PS00029-004 1 <1 0.5
95PS00029-005 1 4 4
95PS00029-006 1 <1 0.5
95PS00029-007 1 67 67
95PS00029-008 1 100 100
95PS00029-009 1 <1 0.5
95PS00029-010 1 110 110
   Mean 60.3



    
 95% 
UCL  106.8



 
The estimated quantity of lubricants aboard Oriskany was determined from a review of 
the Essex FWR listing for Group 53 “Fuel, Gasoline, and Lube” and, after fuels and 
gasoline entries were eliminated, the remaining entries were summed to calculate a total 
weight of 208,104 lbs of lube oil.  The weight of miscellaneous lubricants (such as 
greases), are assumed to be an insignificant percentage of the total weight of other lube 
oil stores.  This weight is assumed to be equivalent to the weight aboard Oriskany with 
no correction. 
 



Baseline PCB Source Terms 
 
Extending the as-built estimated weights for the subject materials to reflect present day 
conditions aboard Oriskany requires adjusting the as-built (FWR) derived estimates to 
reflect lifecycle increases in materials, where appropriate.  If available, Navy standard 
growth rate have been applied. 
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For example, Navy material and weight experts estimate that the thickness of paint on 
vessels (and therefore weight), with repeated painting, stripping, and repainting activities, 
increases by a factor of 3 over a 30-year life cycle.  This is in contrast with rubber 
products and bulkhead insulation, which is relatively static, being removed and replaced 
as necessary in a one for one changeout, with no net change in quantity.  Electrical and 
ventilation systems can experience modest growth, but generally as a result of installation 
of new systems or modification/modernization programs.  Accordingly, a 20% growth 
rate has been applied to the ventilation gasket and electrical cable insulation weights in 
proportion to the 20% increase in overall ship displacement as a result of SCB-27A 
modernization program.  An additional 10% is included to the cable growth rate to 
account for the Naval Tactical Data System added in 1961.  Lube oils are limited by the 
original design capacities of the systems they occupy.  
 
The baseline PCB source terms, below, reflect lifecycle growth, but do not include any 
reductions as a result of the preparation of the vessel for use as an artificial reef. 
 
Table 12  Baseline Source Terms 



Material 
FWR Wt 
(lbs) 



30yr 
Growth



Avg.PCB 
Conc. ppm 



95% 
UCL 



Lbs 
PCB 



95% 
UCL lbs 



       
Paints 298999 3 11.6 19.7 10.4 17.7
       
Bulkhead Insulation 115695 1 215.1 587.7 24.9 68.0
       
Rubber Products 11898 1 37.3 50.9 0.4 0.6
       
Cable Insulation 403600 1.3 1493.9 2766.0 783.8 1451.3
       
Vent. Gaskets 2680 1.2 20.3 33.5 0.1 0.1
       
Lubricants 208140 1 60.3 106.8 12.6 22.2



   
    Total 832.2 1559.9



Preparation Scenario 
 
The following source term table reflects possible reductions in PCB loading due to 
removal of items as part of the preparation process.  The scenario assumes that 100% of 
all lubricants will be removed, 5% of the paint (flaking surfaces), 72.6% of the bulkhead 
insulation (Navy contracted to remove 42 tons of insulation), and 10% cable salvage.  No 
significant removal of rubber products or ventilation gaskets is anticipated. 
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Table 13  Preparation Scenario Source Terms 
 



 
Scenario- 100% Lubricants, 5% Paint, 72.6% BLKHD Ins. & 
10% Cable Removal  



Material 
Est. Wt 



(lbs) 
30yr 



Growth 
Avg.PCB 



Conc. ppm 
95% UCL 



ppm Lbs PCB 
 
Remaining 



lbs 
PCB 



95% 
UCL 
lbs 



         
Paints 298999 3 11.6 19.7 10.4 95% 9.8 16.8
         
Bulkhead 
Insulation 115695 1 215.1 587.7 24.9 27.4% 6.8 18.6
         
Rubber Products 11898 1 37.3 50.9 0.4 100% 0.4 0.6
         
Cable Insulation 403600 1.3 1493.9 2766.0 783.8 90% 705.5 1306.1
         
Vent. Gaskets 2680 1.2 20.3 33.5 0.1 100% 0.1 0.1
         
Lubricants 208140 1 60.3 106.8 12.6 0% 0.0 0.0
         
      Total 722.6 1342.3



 
The Preparation Scenario reflects the best available information to date with regard to the 
material expected to be removed in the preparation process. The EPA Best Management 
Practices guidance requires 100% removal of lube oils.  Based on paint chip removal 
tonnage reported at the 50% conference9 (9.38 LT removed prior to the conference date), 
it is estimated that at project completion 22 LT or 44, 000 lbs of paint chips (5% of the 
total weight) will have been removed.  Contractor and SUPSHIP project personnel report 
72.6% of the bulkhead insulation removed and estimate 10% of the electrical cable will 
be removed as a result of preparation activities. 



Conclusions 
 
 The estimate shows the PCB source term related to electrical cable accounts for 95% of 
the total PCB loading of Oriskany.     The next largest contributor, bulkhead insulation, 
only accounts for 3% of the total PCB load.  Moreover, if paint, rubber products, and 
ventilation gaskets were addressed in terms of a bulk product disposal, they would be 
unregulated based on their mean concentration, and rubber would only be above 
regulatory limits at the very conservative 95% UCL of the mean concentration. 
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EXECUTIVE SUMMARY 



BACKGROUND 



The most common potential contaminant of concern (PCoC) onboard Navy vessels for sinking 
as an artificial reef are a class of compounds, the polychlorinated biphenyls (PCBs), which have 
been found in a variety of shipboard solids, as either an integral component or, in some cases, as 
a contaminant. Various investigative approaches directed at PCoC associated with decommis-
sioned vessels have included monitoring and evaluating existing artificial reefs associated with 
previously sunken vessels,1, 2, 3 and shipyard evaluations of materials found onboard candidate 
reefing vessels, vessels being scrapped, and vessels slated for title-transfer/resale.4 In general, 
previously sunken vessels were prepared using the less stringent cleaning standards and method-
ologies compared with standards today5 that now include knowledge of PCBs in solid materials 
(PCBs-ISM) onboard such vessels. Studies of sunken vessels in the deep ocean have also been 
made, and while the deep ocean6 is a much different environment from shallow or estuarine 
systems, most PCBs in solid materials (PCBs-ISM) found in shipboard components are common 
to vessels in both scenarios. This report describes a technical effort that measured the leaching 
behavior of PCBs-ISM under laboratory-simulated, shallow-water/reef conditions. A companion 
study focusing on evaluating leaching behaviors of PCBs-ISM under laboratory-simulated,  
deep-ocean scenarios will be described in a separate report.7 



METHODOLOGY 



Leaching data were collected for solid materials commonly found to contain PCBs onboard 
older, out of service surface vessels and submarines. Solids with known high levels of PCBs 
were purposely chosen for this study because they represented the highest concentrations of 
PCBs expected on current and future vessels to be reefed. Shallow-water leaching tests were 
performed under constant representative abiotic conditions of pH 8.1, salinity of 34 psu, ambient 



                                                 
1 R. M. Matore, T. D. Mathews, and M. Bell. 1998. “Levels of PCBs and Heavy Metals in Biota Found on ex-
Military Ships Used as Artificial Reefs,” Draft Report. Marine Resources Division, South Carolina Marine 
Resources Center, South Carolina Department of Natural Resources, Charleston, SC. 
2 Space and Naval Warfare Systems Center San Diego. 2005 (May). “A Screening Level Ecorisk Assessment for 
Using Former Navy Vessels to Construct Artificial Reefs,” Final Report prepared for U.S. Environmental Protection 
Agency, Office of Pollution Prevention and Toxic Substances and Office of Water, and U.S. Department of Navy, 
Chief of Naval Operations and Naval Sea Systems Command, San Diego, CA. 
3 Naval Environmental Health Center Environmental Programs Directorate. 2004 (March). “A Human Health Risk 
Assessment for Potential Exposure to Polychlorinated Biphenyls (PCBs) from Sunken Vessels Used as Artificial 
Reefs (Food Chain Scenario),” Volumes 1 and 2, Final Report prepared for U.S. Environmental Protection Agency, 
Office of Pollution Prevention and Toxic Substances, and U.S. Department of Navy, Chief of Naval Operations, and 
Space and Naval Warfare Systems Center San Diego. 
4 John J. McMullen Associates. 1999. Database of PCB-laden Material Inventory Onboard Navy Vessels. 
5 U.S. Environmental Protection Agency. 2004. “Draft National Guidance: Best Management Practices for Preparing 
Vessels Intended to Create Artificial Reefs.” Washington, DC. 
6 Space and Naval Warfare Systems Center San Diego. “Risk Assessment of the Potential Release of PCBs and 
Other Contaminants from Sunken Navy Ships in the Deep Ocean: ex-USS Agerholm Case Study,” Final Report to 
Naval Sea Systems Command. In preparation. 
7 R. D. George, C. In, R. K. Johnston, P. F. Seligman, R. D. Gauthier, and W. J. Wild. “Investigation of 
Polychlorinated Biphenyl (PCB) Release-Rates from Selected Shipboard Solid Materials Under Laboratory-
Simulated Deep Ocean (SINKEX) Environments.” In preparation. 
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hydrostatic pressure (~1 bar), 25°C temperature, and dynamic agitation to simulate flow. As  
a conservative approach, leaching experiments were designed to simulate an open system with 
sufficient transport of PCBs away from the solid to preclude PCB saturation in seawater. Other 
processes found in natural environments were also precluded to minimize potential effects on 
observable PCB concentrations resulting from this uninhibited leaching process, including 
organic particulate sorptive processes, biological processes such as biofouling, biodegradation, 
uptake/metabolism, or bioaccumulation of PCBs. The shipboard solids were tested intact 
whenever possible to simulate what would actually occur onboard a sunken vessel inside  
a compartment containing PCBs-ISM. The solids evaluated included Black Rubber Pipe Hanger 
Liner (BRPHL), Electrical Cable (EC), Foam Rubber/Ensolite® (FRE), Bulkhead Insulation 
(BHI), Felt Gasket/Inner (FGI), Felt Gasket/Outer (FGO), and Aluminized Paint (AP). The PCB 
distributions in shipboard solids were consistent with Aroclor® 1254 (A1254), Aroclor® 1268 
(A1268), or a mixture of both A1268 and A1254. Thus, neat Aroclor® 1254 and 1268 reference 
materials were used as positive controls for the shipboard solid leaching experiments. A total of 
31 PCB congeners and all 10 PCB homolog groups were measured in seawater leachate as a 
function of exposure time to represent environmentally significant (toxicologically persistent) 
PCBs to assess ecological and human health risks. Total PCBs (tPCBs) were empirically 
determined by summing each level of PCB chlorination (summing the measured homolog 
groups). All of the PCB analytes measured in this study are identical to the PCB evaluated risk 
assessment in concurrent efforts for sinking decommissioned Navy vessels. In  general, the 
leaching data in this study focus on the shallow/reef scenario. However, data from leach rate 
studies concerned with evaluating these same shipboard solids as a function of time at lower 
temperature are included for comparison.  
RESULTS 



Leach rate curves were generated for all leach rate experiments across the entire leaching 
experiment timeframe or leaching series to show the change in leach rate with time. This 
approach was necessary because most shipboard solid leaching behaviors exhibited a temporal 
dependence over the course of the leaching experiments. Some leach rate curves exhibited a  
pre-maximum period of instability. However, in all cases, leach rate curves eventually stabilized 
and achieved a maximum leach rate, followed by a slow decrease in the stabilized leach rate with 
time. This latter, decreasing portion of leach rate curves could be extrapolated out to very long 
leaching times to determine when the solids might be depleted of PCBs by assuming that all 
PCBs in the solid are available for leaching, even though it is possible that some PCBs are 
probably irreversibly bound to the source material matrix.  



The relative leach rates for the materials tested in this study are summarized in Figure 1.  
The leach rate values in Figure 1 are plotted from lowest to highest and correspond to the 
stabilized final empirical leach rates determined in each leaching experiment for each material.  
This figure demonstrates that each shipboard solid attenuates the leaching of PCBs to differing 
degrees and ultimately stabilizes at significantly different rates. 
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Figure 1. Experimental tPCB leach rate differences determined for shipboard solids compared with 
Aroclor® dissolution rates (analytical controls). These rates are the long-term stabilized values observed  
at the end of each experiment (final empirical value), generally after 14 to 16 months of leaching for each 
material in seawater.  



CONCLUSIONS AND RECOMMENDATIONS 



The leach rate data presented are useful for characterizing the time- and temperature-
dependent leaching behaviors of PCBs from different shipboard solid materials under physical 
and chemical conditions similar to a shallow-water artificial reef environment. The acceptable 
leach rate source term in the context of a release and exposure model for risk assessment depends 
on what assumptions are considered reasonable within the risk assessment framework used. 
Shipboard solid-specific leach rate data can be incorporated to varying degrees of complexity, 
depending on the assumptions one is willing to accept. The approach can  range from  
(1) assuming a single, mean leach rate over the entire period of time to (2) using the leaching 
curves for the empirical release, followed by a long-term leach rate, as an extrapolated (chang-
ing) rate based on the leaching curve, or an assumed constant rate as an upper limit (conservative 
case). The regression analysis and extrapolated curves in this study (Appendix A) support using 
the long-term leach rate described in (2) by demonstrating that leach rates continue to decrease 
with time. Alternatively, the regression analysis itself can be used as a source term function  
to predict a continued decreasing release. In general, we suggest that the empirical leaching 
results be used to characterize the early release beyond which, the regression functions found  
in Appendix A can be used for estimating a long-term source parameter or to support using  
a conservative constant leach rate. We suggest that the use of regression functions be caveated  
as having been produced from a relatively small amount of data, leading to low confidence  
in predicted values at long term extrapolation endpoints (times). Thus, we recommend that  











 



 
 



viii



the upper prediction interval curve/data be used at such endpoints if this approach is chosen.  
In many instances, the upper prediction interval is nearly equivalent to the final empirical data 
value, but is still useful in providing confidence in using the final empirical leach rate value as  
a long-term leach rate. 
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PCB-containing solid inside of a compartment onboard a sunken vessel similar to that shown in 
Figure 7.........................................................................................................................................9 











 



 
 



xii



7. Photos of vessel compartments onboard vessels prepared as shown in (b) and (d) and sunk 
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an Artificial Reef in San Diego coastal waters. Photo (c) is an underwater compartment on ex-
Vermillion, a U.S. Navy vessel sunk off the coast of South Carolina in 1988 as an Artificial Reef, 
and (d) is ex-Vermillion after being prepared and towed to the site. Photos (a) and (b) are 
Marine Environment Support Office photos and photos (c) and (d) are courtesy of Sourh 
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(1 to 2 years)...............................................................................................................................29 
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using three different methods, GC-ECD (EPA Method 8081M), Micro-GC-ECD (modified EPA 
Method 8081M), and GC-MS/SIM (EPA Method 680). Micro-GC-ECD is shown for comparison 
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plotted versus absolute leaching time in Figure 12.....................................................................39 
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(b) flange bottom edge where FGO was collected, (c) Felt Gasket-Inner (FGI) with flange 
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(f) Aluminized Paint (AP), (g) Foam Rubber/EnsoliteTM (FRE), and (h) Electrical Cable (EC) 
with a schematic illustrating its internal components. The masses of each leached solid are 
reported in the respective leaching subsections of Subsection 3.4 ............................................47 



14(a–h). Experimental PCB concentration versus exposure time for 21.1 mg of neat Aroclor® 
1254 exposed to a total volume of 13.13 L of seawater leachate. Plot (a) shows tPCBs 
concentration and contributing homolog group concentrations versus exposure time, where the 
sum of the homolog curves is equal to the upper tPCB curve. Plots (b–h) are homolog group 
concentrations and corresponding target congener concentrations within homolog groups Cl1 
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15(a–d). Experimental homolog and congener PCB distributions for neat Aroclor® 1254 “solid”  
(a and c) compared with total homolog and congener distributions of PCBs released from A1254 
into seawater (b and d). The latter distributions correspond to all PCBs released, also 
represented by the cumulative concentration endpoint for all analytes plotted in Figure 14. The 
solid distributions correspond to the pre-dissolution PCB content in the neat-solid A1254, 
derived from the mass balance performed at the conclusion of the experiment. Analytes  
present below 0.1% are indicated using an offset linear scale. Variances at these very low 
subpercentage levels are not visible on the scale shown here, but are included in the mass 
balance tables in Appendix C .....................................................................................................57 
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18(a–g). Experimental PCB concentration versus leaching time for BRPHL containing 0.16 wt% 
(4.7 mg) tPCBs exposed to a total volume of 14.82 L of seawater leachate. Plot (a) shows 
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time, where the sum of the homolog curves is equal to the upper tPCB curve. Plots (b–g) are 
homolog group concentrations and corresponding target congener concentrations within 
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19(a–d). Experimental homolog and congener PCB distributions for BRPHL solid  
(a and c) compared with total homolog and congener distributions of PCBs leached from 
BRPHL into seawater (b and d). The leachate distributions are derived from all PCBs  
released, also depicted as the cumulative leachate concentration endpoint for detected  
analytes in Figure 18. The solid distributions correspond to the pre-leaching PCB content in 
BRPHL solid, derived from the mass balance performed for the leaching experiment. Analytes 
at levels below 0.1% are plotted using an offset linear scale to indicate their presence. Vari-
ances at these very low subpercentage levels are not visible on the scale shown here,  
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of total, corresponding to leaching intervals: (a) 7 to 14 days, (b) 49 to 69 days, (c) 230 to 286 
days, (d) 398 to 475 days ...........................................................................................................66 
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shows the tPCBs concentration and contributing homolog group concentrations versus  
leaching time for EC, where the sum of the homolog curves is equal to the upper tPCB curve. 
Plots (b–i) are homolog group concentrations and corresponding target congener concen-
trations within homolog groups Cl2 through Cl7, Cl9, and Cl10 versus leaching time................72 
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23(a–d). Experimental homolog and congener PCB distributions for EC solid (a and c) 
compared with total homolog and congener distributions of PCBs leached from EC into 
seawater (b and d). Leachate distributions are derived from all PCBs released, which also 
corresponds to the cumulative leachate concentration endpoint for analytes plotted in  
Figure 22. Solid distributions correspond to the initial PCB content in EC solid, from  
the leaching experiment mass balance performed at the end of the leaching experiment.  
An offset linear scale is used to indicate analyte levels present below 0.1%. Though not 
visible on the scale shown here, the degree of variance at these very low subpercentage 
levels can be seen in the mass balance tables in Appendix C ...................................................73 
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in A1268 solid, determined from the experiment mass balance. Some analytes contribute  
to tPCBs at levels below 0.1% and are plotted using an offset linear scale. This scale is useful 
 to indicate their presence; however the degree of variance at these very low subpercentage 
levels is not visible on the scale shown here. These experimental variances can be seen  
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1. INTRODUCTION 



1.1. PURPOSE 



This effort was undertaken to evaluate the leaching of PCBs from shipboard solid materials as 
it applies to sinking out-of-service vessels in shallow-ocean environments to create artificial 
reefs. The specific goal of the laboratory study was to measure the release of polychlorinated 
biphenyls (PCBs) from complex PCB mixtures into artificial seawater from solid materials found 
onboard U.S. Navy ships. The approach was limited in scope to measuring PCB release under 
abiotic conditions and was temporally constrained to evaluate leaching in a minimum amount of 
time, while still providing adequate analytical results.  



1.2. PCBs IN SOLID MATERIALS (PCBs-ISM) 



The shipboard solids tested contained the highest PCB concentrations available on inactive 
vessels when the study was conducted. Vessels that might become available after this study 
could have higher or lower PCB concentrations. The shipboard solid materials investigated 
included felt gaskets, electrical cable, paint, foam rubber (insulation), black rubber (shock 
mounts), and bulkhead insulation (inorganic). These classes of PCBs-ISM represent shipboard 
solid materials commonly found onboard surface vessels and submarines. Oils and greases are  
a class of shipboard solids that contain PCBs, but these items were not a focus because PCB-
containing oils and greases are routinely removed with other liquid materials during remedial 
actions (performed as part of the process of decommissioning vessels to the inactive fleet). 



1.3. PCB TERMINOLOGY AND CHEMISTRY 



Polychlorinated biphenyls are classified as persistent pollutants, environmental health hazards, 
and suspected carcinogens. They comprise a class of environmental pollutants that are ubiquitous 
and can be found in nearly every natural environment tested, including food, animal tissues, 
soils/sediments, oceans, and freshwater systems. One of the more important driving forces  
for this observed persistence in natural environments is the molecular stability of PCBs, rein-
forced by their tendency to associate strongly with organic materials and partition into those 
materials from aqueous phases. This stabilization feature leads to bioaccumulation within 
ecosystems, and ultimately to possible human health consequences. Additionally, this stability 
and resulting bioaccumulation also aids in the long-term biochemical decomposition of PCBs 
(sequestration and biodegradation). Fundamentally, PCBs possess low aqueous solubilities that, 
in effect, force PCBs to seek out the most desirable molecular environment, the organic phase. 
This partitioning behavior is a fundamental component of many scientific study designs that 
have sought to evaluate transport, transport mechanisms, fate, and effects of PCBs in natural 
environments. Within such studies, an issue seldom addressed is that molecular transport of 
PCBs from a source material into the surrounding environment is also governed by a similar 
partitioning effect. Differences in partitioning are dictated by characteristics and properties  
of the source materials themselves, materials such as polymers that contain PCBs as part of their 
chemical composition or as contamination within those matrices. Fortunately, from a partitioning 
standpoint, the underlying stabilization force remains: PCBs generally tend to reside more  
in organic phases (Miller et al., 1984; Shiu and Mackay, 1986) and materials similar to shipboard 
solids (Mackay, Shiu, and Ma, 1992) rather than in the aqueous phase. This tendency slows  
or suppresses leaching processes, and a large portion of PCBs that do leach at a low level into  
the aqueous phase tend to be degraded forthright (Tabak, Quave, Masahni, and Barth, 1981; 
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Rochlind, Blackburn, and Saylor, 1986) or are sequestered into natural organic materials 
(MacFarland and Clarke, 1989) by absorptive/adsorptive partitioning processes. 



The PCB molecular structure is based on the biphenyl structure shown in Figure 2,  
and consists of two covalently linked phenyl rings. 
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Figure 2. Polychlorinated Biphenyl molecular structure, where X at each numbered carbon can be  
a hydrogen (H) or chloro- (Cl) substituent. Each phenyl ring can rotate independent of the other around 
the covalent bond linking them together (i.e., the phenyl rings can be, but are not forced to be, coplanar). 
The total number of possible isomers is 209. 



The biphenyl rings are substituted at X with either hydrogen (H) or chloro- (Cl) substituents  
on the numbered carbon positions above in various combinations, with a generic formula  
of C12HaClb (where a + b = 10). The total number of possible combinations of hydrogen  
and chloro-substituents on a biphenyl ring yields 209 unique molecules or positional isomers, 
commonly referred to as congeners, excluding the unchlorinated, or fully H-substituted 
molecule, biphenyl. By convention, these 209 congeners are assigned unique numbers  
(termed BZ [Ballschmiter and Zell] numbers [Ballschmiter et al., 1992]) (BZ1 toBZ209),  
which correspond to the same numbers adopted by the International Union of Pure and  
Applied Chemistry (IUPAC) and the American Chemical Society (ACS) Chemical Abstract 
Service (CAS). One should note slight differences in numbers and molecular naming 
conventions between IUPAC and BZ (U.S. Environmental Protection Agency, 2006) when 
looking at historical PCB congener data. Additionally, all 209 PCB congeners can be grouped 
according to chlorination level. These groups are referred to as homolog groups (Cl1, Cl2, 
Cl3…Cl10). Within each homolog group are positional isomers that possess the same number of 
chloro-substituents and resulting molecular weight. The summation of all 10 homolog groups 
corresponds to total PCBs (tPCBs), equivalent to the sum of all 209 congeners.  



Commercial PCBs were originally marketed under the trade name Aroclor®. These PCBs were 
the most common commercial PCBs used in the United Sates and are complex mixtures pro-
duced by bulk chlorination. Aroclors® are generally described by a 4-digit numerical notation,  
in which the last two digits indicate the weight percent chlorine (e.g.,, Aroclor® 1254 is 54% 
chlorinated, at a distribution of sites on the biphenyl rings dictated by the ease of chlorination). 
Aroclor® products were manufactured by bulk chlorination in the United States through the 
middle to late 1970s, forming mixtures with differing distributions of individual congeners, 
which results in oils (Aroclor® 1016, 1221, 1232, 1248), viscous liquids (Aroclor® 1254), sticky 
resins (Aroclor® 1260 and 1262) and white powders (Aroclor® 1268, 1270). The type of Aroclor 
is typically identified by the percentage of chlorine in a mixture of congeners. For example, 
Aroclors® 1254 and 1268 are manufactured by chlorinating biphenyl to a final chlorine content 
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of 54 and 68 percent, respectively (Kennish, 1992). A notable exception is Aroclor® 1016, which  
is 41.5 percent chlorine. In practice, all 209 congeners are very difficult to separate, which  
has led to analyses of PCBs reported as select individual congeners; tPCBs estimated from select 
congeners; Aroclor® (or Aroclor® equivalents) and, in some instances, homologs; and tPCBs  
as the sum of homologs.  



1.4. PCBs IN THE ENVIRONMENT 



Although PCBs in natural environments can exist as one or more of the 209 distinct molecular 
isomers described above, only some of these congeners are found at significant levels in the 
environment. The least persistent of the PCBs are those that have less than five chlorines per 
molecule, caused, in part, by (1) availability and use of only certain industrial PCB mixtures 
(Aroclors® with different, but distinct chlorination levels and congener distributions), and  
(2) selectivity by aqueous-organic phase partitioning and by PCB degradation processes (Tabak 
et al., 1981). More heavily chlorinated PCBs persist to a much greater extent in the environment 
because of their resistance to biodegradation. These PCBs adsorb or bind to sediments or other 
seawater particulates, exhibit suppressed or decreased aqueous solubilities relative to their lower 
molecular weight counterparts, and tend to accumulate more in lipid tissues (Rochlind, 
Blackburn, and Saylor, 1986). Additionally, some PCB congeners, exhibiting coplanarity  
of the two phenyl rings, with chloro-groups only in one or more of the outer non-ortho positions 
(carbon numbers 3,3’,4’4’,5, or 5’) or in some cases at one ortho position (carbon number 2),  
are considered more toxic than their non-planar counterparts because of their specificity toward 
important biochemical receptors that are responsible for toxic and other biological effects (Miller 
et al., 1984; Stalling et al., 1985). The more toxic coplanar congeners are also generally less 
soluble in seawater than other PCB congeners (Miller et al., 1984; Opperhutzen, Gobas,  
van der Steen, and Hutzinger, 1988; Shiu and Mackay, 1986). However, even with transport 
limited by low aqueous solubilities, and because of their environmental stability and persistence, 
PCBs can readily bioaccumulate in the lipid-rich tissues of marine and other organisms (i.e., they 
are lipophilic). Fate and transport properties are further exacerbated by the temporal variability  
in any given exposure scenario.  



1.5. FACTORS AFFECTING PCB LEACHING AND PARTITIONING IN NATURAL 
ENVIRONMENTS 



The rate at which PCBs leach into a seawater environment is controlled by the physical and 
chemical characteristics of that environment, the molecular solubilities and distribution  
of the 209 possible unique PCB isomers (congeners) initially residing in the source material,  
and the physico-chemical nature of that source material. The combination of these factors 
influences the primary leaching pathway illustrated in Figure 3. 
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Figure 3. Primary PCB leaching process illustrated for an open system such as is simulated in this study. 
PCB transport occurs within a PCB containing material primarily by diffusive processes (PCB solid matrix) 
and through the material-seawater interface (PCB interfacial), before becoming available to the surround-
ing seawater environment (PCB aq s.w.) for subsequent advective transport and sorption onto sediments, 
particulate matter, and biological materials in the natural ocean environment. In a closed system in the 
absence of advective processes, similar to conditions in many natural environments, transport out of the 
solid matrix is suppressed, and is dependent on partitioning between the solid surface and the seawater. 
Release under these conditions would eventually stop and become static until solvated PCBs are 
removed from the system by external processes or external partitioning equilibria (see Figure 4 and 
Figure 5).   



The simplified leaching pathway indicated in Figure 3 is further examined in Figure 4, and in 
the associated analysis that describes various PCB release/leaching behaviors in the context of 
fundamental diffusion, dissolution, and dispersive processes as shown. 



In Figure 4, Cbulk is generally constant while L, Cgradient, and Cexternal are variables that depend 
on the chemical and physical properties of the bulk and external phases. Dispersion in the 
external phase is composed of advective and diffusive components; relative magnitudes of each 
depend on physical constraints imposed on the external phase (e.g., open versus closed system). 
Diffusion in the solid is fundamentally considered Fickian, and can be explicitly described in 
mathematical terms (Crank, 1979) for well-defined systems if bulk-migrant-external, phase-
coupled microscopic/molecular properties are known. Such properties are not known or 
determined for the shipboard solid-PCB congener–seawater systems in the leach rate studies. 
However, empirical release behavior of homologs and tPCBs were quantified macroscopically, 
which corresponds to complex release of groups of PCB congeners that can be considered 
equivalent to the summed release behaviors occurring simultaneously for the PCB congeners  
in the group.  



 



 











 



 
 



5



L



Bulk
Phase



External
Phase



Cexternal



Cbulk



DissolutionDiffusion Dispersion



T



Cgradient



Interface



Depletion
Layer



 
Figure 4. Schematic of release/leaching processes expected for PCBs in shipboard solids. Cbulk is the 
concentration of a PCB congener in the bulk material, Cexternal is the concentration of that PCB congener 
in the external phase (seawater, organic material, biological material, etc.), T is thickness of the material 
and L is the PCB congener-specific diffusion path length corresponding to the thickness of the depletion 
layer at the interface between bulk and external phases. 



Figure 4 is used to evaluate and describe processes and parameters associated with the 
following three types of migration/release scenarios for a PCB congener leaching from  
a PCB-containing bulk material into the external phase under various scenarios. The potential 
dependencies/effects on the release when the scenarios and/or the variables change is also 
described. 



1. Simple Dissolution of a Pure Compound or Substance (e.g., a pure PCB congener). 
Although the dissolution of a pure PCB congener is not a system that corresponds to 
anything that was measured in the leach rate study, and probably not even found in the 
natural environment, it is instructive for understanding the dissolution process associated 
with an Aroclor® (scenario 2). For the dissolution of a pure PCB congener, the matrix is 
100% pure PCB congener and the dissolution process is erosive, i.e., the physical dimen-
sions decrease (represented by thickness, T). There is no diffusion out of the bulk, only 
dissolution at the interface. L is infinitely small, and Cgradient is vertical, representing a 
sharp concentration decrease at the interface between Cbulk and Cexternal. Under conditions 
of high dispersion, Cexternal does not increase, and dissolution is greater than zero, occur-
ring at a rate that depends on its molecular interaction with the external phase (solubility 
in the external phase). In a system with little or no transport of PCBs in the external phase 
away from the interface, Cexternal approaches saturation and dissolution ceases. 



2. Complex Dissolution of a Mixture of Pure Compounds or Substances (e.g., neat 
Aroclor® 1254). For the dissolution of a pure PCB congener (hereafter referred to as 
PCB X) in a neat Aroclor® matrix, only a fraction of that matrix is pure PCB X. 
Dissolution of available PCB X occurs at the interface as for a pure PCB congener 
described in scenario 1. Similarly, under conditions of high dispersion, Cexternal does not 
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increase, and dissolution is greater than zero, occurring at a rate that depends on its 
molecular interaction with the external phase (solubility in the external phase). In a 
system with little or no transport of PCBs in the external phase away from the interface, 
Cexternal approaches saturation and dissolution ceases, leaving a concentration gradient in 
the material that may equilibrate again with the bulk over time if dissolution remains at 
zero. However, for the case of an Aroclor®, a significant difference exists for the PCBs in 
the dissolution process; availability of PCBs at the interface is now also controlled by 
diffusion of PCB X out of the bulk Aroclor®, leading to a gradient in concentration at the 
interface, Cgradient. The bulk Aroclor® matrix (composed of the “other” PCB congeners) is 
also dissolving, thus release of PCB X is complicated by the depletion layer thickness, L, 
which is dynamically varying as a function of a diffusive process and a dissolution 
process. The net result is that as the physical dimension of the bulk decreases because of 
both of these processes, the thickness, T, at any given moment is dictated by the relative 
magnitudes of these processes. Finally, just to make it challenging, one should consider 
that the influence of this situation on PCB X, as just described, is simultaneously 
occurring for each of as many as 116 of the “other” PCB congeners present in the bulk 
Aroclor® 1254 matrix.  



3. Leaching of a Mixture of Pure Compounds or Substances from a Solid Matrix  
(e.g., Aroclor® 1254 release from a Shipboard Solid Matrix). In the case of pure PCB 
congener (again referred to as PCB X), now leaching from an inert or non-dissolving 
bulk matrix like a shipboard solid, only a fraction of the bulk matrix is pure PCB X, 
similar to the situation for neat Aroclor®. As for scenarios 1 and 2 above, dissolution of 
available PCB X occurs at the interface. Similarly, under conditions of high dispersion, 
Cexternal does not increase, and dissolution is greater than zero, occurring at a rate that 
depends on its molecular interaction with the external phase (solubility in the external 
phase). In a system with little or no transport of the external phase away from the 
interface, Cexternal approaches saturation and dissolution ceases. As in the case for neat 
Aroclor® above, the availability of PCBs at the interface for dissolution are now also 
controlled by diffusion of PCB X out of the bulk matrix, in this case, shipboard solid, 
resulting in a gradient in concentration at the interface, Cgradient. The bulk shipboard solid 
matrix is composed of shipboard solid and the “other” PCB congeners; the latter are also 
diffusing to the interface and dissolving. However, unlike the Aroclor® in scenario 2 
above, the depletion layer thickness, L, is now only increasing as a function of the 
diffusive process, as the matrix is stable (not dissolving), and T is a constant. Again,  
the process for leaching PCB X is also simultaneously occurring for each of as many as 
116 of the “other” PCB congeners present in a bulk shipboard solid containing Aroclor® 
1254. The release behavior should, of course, be distinct from the neat Aroclor® case 
above because of (1) the bulk matrix stability, and (2) the fact that a shipboard solid is 
largely composed of high molecular weight polymers, which, in many cases, contains 
multiple types of polymers and/or other materials in a composite structure. This structure 
is very different chemically from a bulk neat Aroclor® matrix, leading to a broad distribu-
tion of attenuations (slight to extreme) for different PCB congeners as they migrate 
through the various bulk matrices. Again, in a system with little or no transport of PCBs 
in the external phase away from the interface, Cexternal approaches saturation and 
dissolution ceases, leaving a concentration gradient in the material that may equilibrate 
again with the bulk over time if dissolution remains at zero. 











 



 
 



7



The above analysis of PCB diffusion and depletion at the leaching surface of a solid matrix 
provides a reasonable hypothetical mechanism or conceptual model of PCBs leaching from 
shipboard solids. The behavior of PCB congeners escaping from a shipboard solid should be 
similar to the case of PCB congeners escaping from an Aroclor® matrix because diffusion of 
PCB congeners out of the matrix becomes significant. Furthermore, the PCB dissolution 
component also makes an important contribution to the leaching mechanism. Most reported 
Aroclor® solubility experiments can take weeks to months to allow sufficient time for 
concentrations for all of the solvated PCB congeners to stabilize. A solubility experiment for a 
pure molecular substance like a congener might take only hours to stabilize because it is a simple 
dissolution without a slower diffusion component. In this respect only, Aroclor® dissolution is 
similar to a pure molecular substance because all of the PCB congeners present in the Aroclor® 
matrix are also dissolving, though on different timescales (at different rates). Dissolution of 
Aroclor® can be effectively described as two simultaneous processes: (1) diffusion of pure 
molecular substances, where there is significant interaction with the Aroclor® as a solid matrix; 
and (2) dissolution of a mixture of pure molecular substances in an eroding (dissolving) matrix. 
For such a system, the rate of release will be a function of the expected depletion at the interface, 
formation of a depleted layer, and subsequent diffusion through that depleted layer. In addition, 
the thickness of the depletion layer is increasing as a function of diffusion and decreasing as a 
function of the surface erosion as the matrix itself dissolves at a variable rate. In a depletion-
regulated system, the rate of diffusion through the depletion layer at the interface will eventually 
slow down with time because of the increasing path length/depletion layer thickness and perhaps 
even a dependence of diffusion coefficient on concentration of PCBs. As a result, the measured 
rate for such a system should decrease as function of time, regardless of sampling interval. This 
type of behavior should be further attenuated by the presence of the shipboard solid matrix. 
Section 4 describes calculations and graphical anaylses of leach rate as a function of sampling 
time for all shipboard solid leaching experiments and Aroclor® dissolution controls. Leach rates 
are tabulated with corresponding sampling intervals and leaching times in Appendix D.  



In a closed system, the leaching pathway indicated in Figure 3 and Figure 4 becomes an 
equilibrium partitioning process between the solid and the seawater leachate. However, 
equilibrium may not be reached in a natural environment because various mechanisms exist  
to reduce the effective concentration of PCBs in the leachate (solvent) such as transport of PCBs 
away from the source material-leachate interface (mixing and dilution), sorption onto natural 
particulates, and other processes that reduce the PCB concentration in the seawater leachate 
(Figure 5).  



In the presence of these additional processes, PCB saturation is unlikely to occur (except under 
static, isolated conditions such as might be found in a closed system), and PCB solvation occurs 
freely or is unsuppressed near the solid surface interface with seawater. As a result, leaching 
continues unimpeded until PCB depletion of the source material is (theoretically) attained, 
although, in most organic-based solid materials, many PCBs would probably be irreversibly 
bound. Without specific leaching information, fate and transport models generally assume that 
the source terms characterized by leaching provides a constant concentration of infinite duration 
and quantity. As a consequence, the scientific focus can be directed on the fate and transport  
of PCBs and on what effect(s) they might have on environmental endpoint(s). This far-reaching 
assumption does not generally hold for PCBs in all source matrices because of (1) attenuation 
processes related to solvent/fluid properties, (2) properties inherent to the source material, and 
(3) spatial and temporal dependencies of leaching processes. Such processes/properties do not 
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allow the PCBs to leach in their entirety or at a rate commensurate with the timescale required 
for an effect to be observed on environmental endpoints. More specifically, differences in PCB 
molecular properties, the source matrix physical and chemical properties, source surface 
interfacial properties, and aqueous phase characteristics will define the leaching scenario and 
subsequent PCB leach rate for that scenario. An important consequence of this is that these 
properties will result in a unique leaching behavior for any PCBs-ISM as a function of time. 
Accordingly, we have attempted to evaluate specific baseline leaching behaviors as a function of 
time for different representative solid matrices of interest and under laboratory conditions 
designed to simulate the leaching of PCBs into natural seawater environments. Our approach 
includes controlling or removing the additional processes (Figure 4) from the laboratory 
simulation so that the experimental focus is on determining the rate of leaching corresponding  
to an unsuppressed leaching pathway (Figure 3). In our approach, transport away from the solid 
surface and other processes that would reduce the PCB concentration in the seawater near the 
solid surface is simulated by a dynamic leaching and sampling design that will be described later.  
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Figure 5. Primary PCB leaching process in red bold italics, (1) and (2), as described in Figure 3, with 
subsequent transport/depletion mechanisms for PCBs in seawater, PCB(aq s.w.). The experimental 
design minimizes or removes the potential processes represented by (3), while processes represented by 
(4) are simulated by seawater exchange and a dynamic mixing approach. The processes represented by 
(5) are completely removed by the experimental design. In a closed system, many of these processes are 
related to equilibrium partitioning and/or PCB uptake/metabolism into biological organisms.  
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A leaching experiment must consider parameters that reflect the types of dependencies 
described above and may include such variables as leachate temperature; hydrostatic pressure; 
pH; time-induced effects (e.g., PCBs-ISM matrix degradation); surface coatings (if any) on the 
material; surface area/contact area of leaching surface to seawater leachate, termed the solvent 
accessible surface area (SASA); molecular structure of PCB congener(s); and PCB congener 
solubility in the PCBs-ISM matrix versus seawater. For example, an industrial-grade PCB 
mixture, Aroclor® 1254, occasionally found in shipboard solid materials, is principally composed 
of molecules with 4-6 chloro-substituents, or up to 116 different congeners (Alford-Stevens, 
1986; Alford-Stevens, Bellar, Eichelberger, and Budde, 1986). Some of these different congeners 
will behave in essentially the same manner, while others will exhibit leaching behavior 
differences related to variation in properties including but not limited to properties such as 
solubility, differential interactions with the solid matrix, dynamic leaching surface area of the 
solid, PCB solid–liquid phase transition temperature, etc. Any one or more of these properties 
can potentially impact PCB transport, within the material (diffusion) or subsequently through the 
PCBs-ISM/seawater interface (solubility-driven behavior), and must be evaluated/quantified for 
appropriate inclusion before the collection and interpretation of empirical leaching data. Once 
key parameters have been identified and incorporated into the experimental design, well-defined 
empirical leaching data can be collected and leach-rates calculated for different PCBs-ISM 
leached under established, designed, and controlled or systematically varied chemical/ physical 
leaching conditions. 



1.6. CONCEPTUAL MODEL FOR SHIPBOARD PCB LEACHING 



This study sought to evaluate the leaching of PCBs from solid matrices, inclusive of inherent 
material properties that control the process, by simulating the leaching conditions in the labora-
tory as they are likely to exist onboard a sunken vessel. The Figure 6 schematic focuses on 
evaluating the leaching behavior of  PCBs-ISM that would be contained within a shipboard 
compartment similar to that shown in Figure 7, as it is exposed to seawater as a function of time. 
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Figure 6. Conceptual schematic (a) for simulating the PCB leaching process expected to occur for a PCB-
containing solid inside of a compartment onboard a sunken vessel similar to that shown in Figure 7. 
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a.  b.  



 



c.  d.  
Figure 7. Photos of vessel compartments onboard vessels prepared as shown in (b) and (d) and sunk in 
shallow water as artificial reefs. For this study, PCB release is evaluated for seawater flowing through 
open compartment(s) such as shown in (a) and (c) under mild flow conditions that are sufficient to avoid 
saturation in the leachate above the surface of the shipboard solid inside the compartment. Solvated 
PCBs in a sealed compartment would be expected to saturate and remain trapped unless the compart-
ment becomes breached. For a closed, but unsealed compartment, saturation would also be expected, 
but would be subject to PCBs-in-seawater diffusion/transport out of the compartment into adjacent 
compartments and/or the surrounding environment. Photos (a) and (b) are of ex-Yukon, a Canadian 
vessel, being prepared for use as an Artificial Reef in San Diego coastal waters. Photo (c) is an 
underwater compartment on ex-Vermillion, a U.S. Navy vessel sunk off the coast of South Carolina in 
1988 as an Artificial Reef, and (d) is ex-Vermillion after being prepared and towed to the site. Photos (a) 
and (b) are Marine Environment Support Office photos and photos (c) and (d) are courtesy of South 
Caroline Department of Natural Resources. 



In a natural leaching scenario, some materials will possibly degrade and/or eventually lose 
their structural integrity on exposure to seawater over a very long period of time. We expect that 
degraded PCBs-ISM or smaller individual particles will continue to leach PCBs similarly to the 
intact solid; however, such effects would tend to spread out over very long periods of time and 
result in only a slight influence, if any, on long-term rates because the total surface area increase 
would not be instantaneous. This tendency effectively means that natural surface area increases 
cannot keep up with the PCB release rate, as these two processes are on significantly different 
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timescales, and the degraded surface would be depleted by the time particulates would be 
produced from that surface. In the laboratory, the solid matrix must still be allowed to undergo 
any physical or chemical degradation caused by its exposure to seawater so that such effects can 
be captured and included as an inherent component of the leaching mechanism and leach rate 
value. However, the solid must also be constrained experimentally to remain localized but not 
isolated from seawater in a single location during leaching to (1) simulate a shipboard solid 
remaining in the relatively protected environment inside a vessel compartment and only evaluate 
solvated PCB transport, (2) avoid artificially degrading or compromising the shipboard solid 
structural/physical integrity by agitation needed to simulate seawater current flow, and  
(3) minimize the loss and deleterious effects of very small, PCB-containing shipboard solid 
particulates formed as artifacts of the shipboard solid sampling during the PCB analytical 
extraction of seawater leachate.  



The localization of initially intact shipboard solids can be accomplished by “caging” the solid  
in a small pore-size mesh that freely allows seawater (and solvated PCBs) transport through the 
pores, but does not allow the transport of shipboard solid particulate matter. Caging is a key 
component of the experimental design that leads to a true evaluation of the release for only 
solvated PCBs from the shipboard solid matrix. Caging the shipboard solid simulates the real 
leaching scenario because (1) the material remains localized except for natural structural 
degradation caused by seawater exposure, (2) the naturally occurring surface area available  
for leaching is incorporated, and (3) leaching artifacts (e.g., through damage introduced by solid 
sampling) that might occur by disturbing this natural structural degradation and particle produc-
tion and release are minimized. Subsection 2.4 provides a more detailed description of this 
conceptual model as it is applied in the laboratory. 
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2. EXPERIMENTAL DETAILS 



The experimental approach was conducted in several phases with the following goals, as 
discussed in detail below: 



• Evaluation of experimental leaching parameters and protocols 



• Field collection of PCBs-ISM from Navy ships 



• Laboratory subsampling of field collected PCBs-ISM 



• Laboratory leaching of PCBs-ISM 



• Analysis of PCBs in leachate 



2.1. EVALUATION OF EXPERIMENTAL LEACHING PARAMETERS AND PROTOCOLS 



The following summary describes the possible experimental parameters and variables, and 
assesses their potential impact on the leaching experiments (Table 1). This evaluation generally 
follows an approach similar to the evaluation performed for development of Toxicity Character-
istic Leaching Procedure (TCLP) protocols (U.S. Environmental Protection Agency, 1997) and 
methodologies (U.S. Environmental Protection Agency, 1991a).  



 
Table 1. Experimental parameters of possible concern for leaching studies. Variables indicated as “N/A” 
are not applicable to this study because they were excluded by the experimental design. Variables 
indicated as “not controlled” are considered part of the leaching mechanism under the specific conditions 
set up in this study, defined by the “Controlled” parameters that were the same for each of the solids 
tested.  



 
Phase or Process 



Property or 
Parameter 



 
Effect(s) 



 
Classification 



How Treated 
or Controlled 



Solid matrix Chemical 
composition 



Leaching 
mechanism (PCB 
binding) 



Experimental 
variable 



Not 
controlled 



Solid matrix Morphology Solvent access Experimental 
variable 



Not 
controlled 



Solid matrix Surface area 
(solvent accessible) 



Defines interface 
with solvent; 
leaching efficiency 



Experimental 
variable 



Not 
controlled 



Solid matrix Surface physics/ 
Electrostatics 



Solvent access and 
flow control 



Experimental 
variable 



Not 
controlled 



Solid matrix Matrix 
heterogeneity 



Localized 
morphological/chem 
differences 



Experimental 
variable 



Not 
controlled 



Solid matrix Pore structure/ 
Volume/ 
Composition 



Solvent flow; gas 
retention; leachate 
volume/composition 



Experimental 
variable 



Not 
controlled 



Solid matrix Leachant 
Permeability/Satura-
tion/Retention 



Solvent flow; 
residence time 



Experimental 
variable 



Not 
controlled 
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Table 1. Experimental parameters of possible concern for leaching studies. (cont) 



 
Phase or Process 



Property or 
Parameter 



 
Effect(s) 



 
Classification 



How Treated 
or Controlled 



Solid matrix Photo/ 
Biodegradability 



Solid matrix 
changes 



CONSTANT-
Controlled 



No biological 
organisms 
present, dark 
experimental 
conditions 



Solid matrix Toxicity Solid matrix 
changes; 
Biodegradability 



N/A N/A 



Solid matrix Buffering ability Solvent chemical 
properties; 
degradation; 
leachability 



Experimental 
variable 



Not 
controlled 



      
Analyte (PCB) Chemical 



composition  
and phase 



Leachability 
differences 



Experimental 
variable 



Not 
controlled 



Analyte (PCB) Concentration Leachability 
differences 
(rates/equilibria) 



Experimental 
variable 



Not 
controlled 



Analyte (PCB) Toxicity/ 
Biodegradability 



Natural removal 
efficiency; PCB loss 



N/A N/A 



Analyte (PCB) Heterogeneity PCB leachate 
availability 



Experimental 
variable 



Not 
controlled 



Analyte (PCB) Diffusivity Transport by 
diffusion through 
solvent matrix 



CONSTANT-
Controlled 



Homo-
geneous 
mixing 



Analyte (PCB) Solubility Transport in and 
though matrix-
solvent interface 



Experimental 
variable 



Not 
controlled 



Analyte (PCB) Volatility PCB Loss at air-
solvent interface 



CONSTANT-
Controlled 



Closed 
system, 
head space 
minimized 
above 
solvent 



Analyte (PCB) Adsorption 
tendency/ 
Lipophilicity 



PCB loss at solid 
surfaces (solid-
solvent interfaces) 



CONSTANT-
Controlled 



Adsorption 
minimized, 
no organics, 
leaching 
vessel 
materials 
with solvent 
contact pre-
cleaned 
glass and 
stainless 
steel only 
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Table 1. Experimental parameters of possible concern for leaching studies. (cont) 



 
Phase or Process 



Property or 
Parameter 



 
Effect(s) 



 
Classification 



How Treated 
or Controlled 



Solvent Chemical 
composition 



PCB transport and 
leachability; matrix 
wetting 



CONSTANT-
Controlled 



ASTM 
artificial 
seawater 



Solvent Ionic concentration 
(salinity) 



PCB transport and 
leachability; matrix 
wetting 



CONSTANT-
Controlled 



ASTM 
artificial 
seawater 



Solvent Lipophilicity/ 
Contaminants 



Leachability 
enhancement 



CONSTANT-
Controlled 



ASTM 
artificial 
seawater 



Solvent pH/Buffering 
capacity 



PCB transport and 
leachability; matrix 
wetting 



CONSTANT-
Controlled 



ASTM 
artificial 
seawater 



Solvent Gas composition 
(dissolved) 



pH; PCB transport 
and leachability; 
matrix wetting 



CONSTANT-
Controlled 



ASTM 
artificial 
seawater 



Solvent Density Flow; hydraulic 
conductivity 



CONSTANT-
Controlled 



ASTM 
artificial 
seawater 



Solvent Viscosity Flow; hydraulic 
conductivity; 
saturation 



CONSTANT-
Controlled 



ASTM 
artificial 
seawater 



Solvent Temperature 
dependence 



PCB transport and 
leachability; matrix 
wetting; PCB 
solubility 



CONSTANT-
Controlled 



Temperature 
maintained 
as constant 
during 
leaching 



      
Solvent dynamics Flow gradient Transport 



(dispersion/ 
convection/ 
advection) 



CONSTANT-
Controlled 



Closed- 
system 
homo- 
geneous 
mixing, 
seawater 
exchange to 
simulate 
transport, 
constant flow 



Solvent dynamics Flow type (laminar 
or turbulent regime) 



Flow gradient CONSTANT-
Controlled 



Closed- 
system 
homo-
geneous 
mixing, 
constant flow 



Solvent dynamics Flow  pattern 
(continuity) 



Matrix integrity; 
PCB transport/ 
Concentration 
gradient 



CONSTANT-
Controlled 



Closed- 
system 
homo-
geneous 
mixing, 
constant flow 
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Table 1. Experimental parameters of possible concern for leaching studies. (cont) 



 
Phase or Process 



Property or 
Parameter 



 
Effect(s) 



 
Classification 



How Treated 
or Controlled 



Temporal/Spatial Aging dynamics Chemical/Physical 
property changes 
with time; matrix 
integrity 



Experimental 
variable 



Not 
controlled 



Temporal/Spatial Weathering Matrix integrity CONSTANT -
Controlled 



Solid 
protected/ 
Caged, 
Aging/Matrix 
degradation 
due to 
seawater 
exposure 
only 



Temporal/Spatial Pressure 
dependence 



Matrix integrity; 
PCB solubility 



Experimental 
variable 



Not 
controlled, 
minor in 
ambient 
pressure 
fluctuations 
only 



      
Monitoring/ 
Analytical 



Sampling Time Skew results of 
analysis  
(leach-rate) 



Experimental 
variable 



Sample 
collection 
and 
seawater 
exchange 
events 
selected  
in situ to 
characterize 
leaching 
while 
avoiding 
saturation 
effects 



Monitoring/ 
Analytical 



General 
Accuracy/Precision/
Reproducibility 



Skew results of 
analysis  
(leach-rate) 



CONSTANT-
Controlled 



QA/QC,  
data quality 
objectives 



Monitoring/ 
Analytical 



Leaching process Skew results of 
analysis  
(leach-rate) 



Experimental 
variable 



Sample 
collection 
and sea-
water ex-
change 
events 
selected  
in situ to 
characterize 
leaching 
while avoid-
ing satura-
tion effects 
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Table 1. Experimental parameters of possible concern for leaching studies. (cont) 
 



Phase or Process 
Property or 
Parameter 



 
Effect(s) 



 
Classification 



How Treated 
or Controlled 



Monitoring/ 
Analytical 



Leachant sample 
storage/ 
Preservation 



Skew results of 
analysis  
(leach-rate) 



CONSTANT-
Controlled 



SOPs using 
EPA 
protocols 



Monitoring/ 
Analytical 



Sample prep/Test 
methodology 



Skew results of 
analysis  
(leach-rate) 



CONSTANT-
Controlled 



SOPs using 
EPA 
protocols 



 



The primary parameters relevant to ocean depth in leaching studies are temperature and 
hydrostatic pressure. The experiments in this report were performed at variable temperature and 
constant atmospheric (sea-level) pressure. The potential effect of pressure is the subject  
of a separate study (see Footnote 7 in Executive Summary). Other experimental parameters  
in Table 1 were measured or controlled. In some cases, a parameter was considered part of  
the solid specific leaching mechanism, was not present, or its contribution was minimized  
by the experimental design altogether.   



2.2. FIELD COLLECTION OF PCBs IN SOLID MATERIALS (PCBs-ISM) 



Three field-sampling events occurred between June and December 1999 to collect PCBs-ISM 
from components on decommissioned vessels and submarines then in the inactive fleet. The goal 
of the field-sampling effort was to locate and collect sufficient quantities of PCBs-ISM for each 
class of shipboard solid to allow subsampling in the laboratory and subsequent leaching of those 
subsamples under the experimental leaching conditions. The field sampling proceeded by 
performing the following tasks: 



• Selecting the materials to collect 



• Selecting ships to sample 



• Following a specific collection method 



• Describing the collected materials 



2.2.1. PCBs-ISM Selection 



The sampling effort used the most current listing of PCBs-ISM from Naval Sea System 
Command’s (NAVSEA) PCBs-ISM survey program (Naval Sea Systems Command, 1995) to 
identify and locate materials for the leach rate study. Types of materials that contain PCBs 
onboard U.S. Navy vessels are summarized in Table 2. These PCBs-ISM were selected as 
representative solids for the leach rate study partially based on analysis of concentration data 
collected as part of the NAVSEA ship survey program, and partially based on probability of PCB 
presence as a functional component (imparting some specific beneficial property to the solid 
matrix). This study did not focus on materials likely to have acquired PCBs as contamination. 
Note that these historical concentration data in Table 2, like many other historical PCB data, 
were typically reported as total Aroclor® rather than by individual Aroclor®, congeners, or 
homologs. This type of data made it difficult to quantify Aroclor® distribution, even though the 
type of Aroclor® was at times qualitatively identified as present in the material.   











 



 
 



18



Table 2. Summary statistics compiled from the NAVSEA Inactive Fleet PCB Survey Program, February 2001.8 Some Aroclors® had been 
individually quantified in more recent analyses, and are included, but most historical data available at the time of the Leach Rate Study (1999–
2002) were reported as total Aroclor®. The identity of Aroclors® was usually reported only qualitatively. The construction date of vessels, which 
these data represent, range from the late 1940s through the early 1990s, with PCB sampling performed from the late 1980s through the late 
1990s. 



 
Material 



Type 



PCBs 
Reported 



As 



 
Aroclor 
1016 



 
Aroclor 
1221 



 
Aroclor 
1232 



 
Aroclor 
1242 



 
Aroclor 
1248 



 
Aroclor 
1254 



 
Aroclor 
1260 



 
Aroclor 
1262 



 
Aroclor 
1268 



 
 



tAroclor 
Electrical 
Cable 
(EC) 



Detections  22  8  108 53 5 17 1649 (all Aroclors noted) 



 Mean  102  38.7  174.9 5370.2 848.2 8713.8 397 
 St Dev  424  55.3  642.4 38449.1 1818.2 31353.4 3454.1 
 Median  8  17  19.5 27 24 19 24 



Bulkhead 
Insulation 
(BHI) 



Detections  12  1  36 4 8 3 254 (1254/1260/1262/1268 
noted) 



 Mean  12.7  1000  5581.4 422.8 131.5 337.1 1168.3 
 St Dev  21.6    7429.8 470.3 351 574.1 6059.5 
 Median  8  1000  2450 345.5 6.5 9 25 



Rubber 
(BRPHL) 



Detections 2 15  3  45 13 2 14 910 (all Aroclors noted) 



 Mean 1.7 7.5  14.5  34.2 2787.9 80 6351.4 649.7 
 St Dev 0.4 1.9  17.3  70.6 7390.3 0 14970.5 4994.7 
 Median 1.7 8  8.6  14 22 80 140 28 



Paint (AP) Detections  8    7 8 4 3 764 (1221/1254/1260/1262/
1268 noted) 



 Mean  21.3    14.4 110.1 11.2 867.7 822 
 St Dev  26.2    11.9 167.1 12.4 1,500.2 3,727.8 



 



                                                 
8Data provided by John J. McMullen Associates, Navy Inactive Fleet Database, February 2001. 
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Table 2. Summary statistics compiled from the NAVSEA Inactive Fleet PCB Survey Program, February, 2001. (cont) 



 
Material 



Type 



PCBs 
Reported 



As: 



 
Aroclor 
1016 



 
Aroclor 
1221 



 
Aroclor 
1232 



 
Aroclor 
1242 



 
Aroclor 
1248 



 
Aroclor 
1254 



 
Aroclor 
1260 



 
Aroclor 
1262 



 
Aroclor 
1268 



 
 



tAroclor 



 
 



Material Type 
Paint (AP) Detections  8    7 8 4 3 764 (1221/1254/1260/1262/



1268 noted) 
 Mean  21.3    14.4 110.1 11.2 867.7 822 
 St Dev  26.2    11.9 167.1 12.4 1,500.2 3,727.8 
 Median  8    9.2 48.5 6.7 2 80 



Foam 
Rubber/ 
Ensolite® 
(FRE) 



Detections          642 (only 1254 noted) 



 Mean          1523.9 
 St Dev          3336.3 
 Median          260 



Felt (FGO 
/FGI) 



Detections     1  7  2 310 (1242/1254/1260/1262/
1268 noted) 



 Mean     44.6  171,190  37,900 32920.2 
 St Dev       247531.5  46810.5 69300.1 
 Median     44.6  69000  37900 140 
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2.2.2. Vessel Selection 



Before a field-sampling event, the most recent shipyard PCBs-ISM survey was obtained  
for each inactive vessel at the shipyard. In most cases, the more recent the report, the more likely 
(but not certain) the remedial action9 had not yet occurred or was not yet complete. PCBs-ISM 
samples at or above 500-ppm PCBs were needed to realistically expect a detectable level of 
leached PCBs as a function of time at the scales dictated by the leaching experimental design. 
Locating and sampling PCB-ISM with such high concentrations were a unique challenge  
for the field-sampling effort—resulting in a “race” to collect such field samples before an 
imminent remedial action. Much of the success of a field-sampling trip hinged on the vessel’s 
state of preparation and planned use, which affected how well the prior sampling location might 
be marked (by shipyard personnel) on a vessel. For example, onboard ships slated for a fleet 
training exercises (to be used as a target in a SINKing EXercise or SINKEX), a potential target 
sampling area (shipboard compartment) had frequently already been surveyed for PCBs, 
remediated, and cleaned of debris and all floatable materials, including, most notably,  
any previous sampling tags. 



2.2.3. PCBs-ISM Sample Collection 



Sample collection methods depended on the type of shipboard solid sample and amount 
available. If an intact PCBs-ISM vessel component could be collected, we removed it and placed 
it in clean plastic sample collection bags for later subsampling in the laboratory. If it was too 
difficult to remove an intact component, sampling of the PCBs-ISM portion of that component 
was performed to the maximum extent possible by using NAVSEA’s PCBs-ISM survey program 
methodologies (Naval Sea Systems Command, 1995). This method included using pre-cleaned 
glass sample vials/containers for the sample, and sample-dedicated utility blades, pre-cleaned 
with hexane before collection. Sample naming conventions typically followed shipyard sample-
naming conventions, which reflected where a sample was located onboard a vessel, using such 
information as deck level, frame number, compartment name, and/or a physical three-
dimensional location/description within a given compartment.  



2.2.4. PCBs-ISM Sample Description 



Table 3 provides a summary and description of the field-collected shipboard solid samples 
used in the leach rate study. A specific brief description of each PCBs-ISM sample collected is 
included in the subsections that follow. One field sample of each shipboard solid was selected 
and subsampled for leaching studies.  



                                                 
9 This remediation policy is based on the power industry standard and regulatory limit of 50 ppm used to classify 
bulk PCB solid waste, as adopted by various regulatory programs such as the USEPA Toxic Substances Control Act 
program. PCBs-ISM onboard a decommissioned vessel at or above this concentration is routinely removed and 
disposed of as hazardous material. 
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Table 3. Descriptive summary of shipboard solids (PCBs-ISM) samples used in the leach rate studies. 



 
 



PCSs-ISM 
Description 



 
 



PCB-LRS 
Abbreviation 



 
 



PCB-LRS 
Sample ID 



 
Reported 
Shipyard 
Analysis 



Representative 
Solid Analysis 



(PCB-LRS) 



 
Leached Solid 
Pre-leaching 



Concentration 



 
 
 



Comments 
    By best-fit of 



PCB Congener 
Fingerprint  



By dump of 
homologs 



 



Electrical 
cable 



EC 01-18-6-L-3B 1,800 ppm 
A1254 



1,800 ppm 
A1254, 160 ppm 
A1260 



1200 ppm Intact,  
no metal 
shielding, 
partially 
painted 



Felt gasket 
(inner)) 



FGI 1-123-1-Q-3B Not analyzed 
by shipyard 



140,000-ppm 
A1268 



230,300 ppm Intact— 
between 
flange heads, 
not painted 



Felt gasket 
(outer) 



FGO 1-123-1-Q-3D 150000-ppm 
A1268 



100,000-ppm 
A1268 



11,7400 ppm Intact— 
protruding 
from between 
flange heads, 
painted 



Foam Rubber 
(Ensolite®) 



FRE PSNS-647-
165-9A 



5,100-ppm 
A1254 



7,100-ppm 
Aroclor® 1254, 
550-ppm A1260



8,900 ppm Intact, 
partially 
painted 



Aluminized 
Paint 



AP 5-110-0-E-4B 570-ppm 
A1260 



470-ppm A1254, 
540-ppm A1268



430 ppm Not intact, 
scraped from 
solid 
substrate 
creating 
particles 



Bulkhead 
Insulation 



BHI 1-51-0-E-5A 2,000-ppm 
A1254 



160-ppm A1254, 
94-ppm A1260 



440 ppm Intact, 
insulation 
only, no 
pressboard 
backing 
(support) 



Black Rubber 
(Pipe Hanger 
Liner) 



BRPHL PSNS-636-62-
4A 



500-ppm 
A1254 



2,100-ppm 
Aroclor® 1254, 
72-ppm A1260 



1,600 ppm Intact, not 
painted 



Neat Aroclor® 
1254 Standard 
Reference 
Material 



A1254 212-147A-S   100% by weight PCBs 
Influenced by 
Aroclor matrix 
only, no 
shipboard 
Solid Matrix 



Neat Aroclor® 
1268 standard 
reference 
material 



A1268 214-59B-S1   100% by weight PCBs 
Influenced by 
Aroclor® 
matrix only, 
No Shipboard 
Solid Matrix 
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Felt Gaskets. Sampling Location: Norfolk Naval Shipyard, 15 June 1999, ex-Dixon (AS-37) 
(NavSource Online Destroyer Photo Archive. 2006a). Two types of felt gasket samples were 
collected, one corresponding to the outer approximate 1/8 inch of gasket protruding from the 
junction between heating–ventilation air–conditioning (HVAC) flanges. (Throughout this report, 
this type of sampled gasket is called an “outer” felt gasket.) This type of felt gasket was typically 
painted and the target sampling included the paint as part of the intact sample. The collected 
sample protruding from the flange was the lowermost (most accessible) piece of gasket, which is 
also where mobile PCBs would be expected to accumulate by gravity/flow over time. The ship-
yard analysis of the targeted outer felt gasket indicated 150,000 ppm, a suitably high concentra-
tion for leaching. The second type of felt gasket field sample was collected as the intact flange 
from which the “outer” felt gasket sample above was collected, with the intent of subsequent 
disassembly in the laboratory. Throughout this report, the felt gasket found between the flange 
heads is called the “inner” felt gasket. We expected it to have a PCB concentration similar to the 
outer felt gasket, even though the shipyard had not analyzed this “inner” gasket between the 
flanges. The flange was disassembled in the laboratory and the felt material sandwiched between 
the flange heads was subsampled using methods described in Subsection 2.3. Both inner and 
outer felt gasket samples were tested intact in leaching experiments.  



Electrical Cable. Sampling Location: Norfolk Naval Shipyard, 15 June 1999, ex-Dixon  
(AS-37) (NavSource Online Destroyer Photo Archive. 2006a) and an ex-Barracks Ship (APL-34) 
(NavSource Online Destroyer Photo Archive. 2006b). Attempts to sample intact electrical cable 
were unsuccessful on ex-Dixon, because cross-cutting of electrical cables was not allowed (for 
electrical safety or potential vessel sale/reuse). However, a vessel was located in the shipyard 
with cables that could be cross-cut, and entire lengths of cable could be collected intact, includ-
ing any outer armored shielding and with internal copper center conductor. A cable sample  
of this type was located and collected from the ex-Barracks vessel (APL-34), with 1,800 ppm,  
as indicated by the shipyard analysis. This intact cable sample was subsampled in the laboratory 
later, after removing the outer armored shielding. Subsamples of this intact cable were tested  
in leaching experiments.  



Aluminized Paint. Sampling Location: Norfolk Naval Shipyard, 15 June 1999, ex-Dixon 
(AS-37) (NavSource Online Destroyer Photo Archive. 2006a). An aluminized paint sample  
was collected, but not as an intact coated surface (painted substrate). This sample was located 
and collected from heating/cooling pipes in an engine compartment, which shipyard surveys 
indicated as 570-ppm Aroclor® 1260. The paint sample was collected by scraping the paint with  
a new, dedicated, pre-cleaned utility knife and capturing the paint chips into a clean glass 
container as the paint flaked off of the underlying substrate. This process resulted in paint 
particles as field samples, and subsequent homogenized laboratory subsamples for leaching 
experiments, unlike an intact paint on a substrate surface.  



Bulkhead Insulation. Sampling Location: Norfolk Naval Shipyard, 15 June 1999, ex-Dixon 
(AS-37) (NavSource Online Destroyer Photo Archive. 2006a). A sample was collected into 
solvent pre-cleaned sample containers by using a dedicated solvent pre-cleaned utility knife 
similar to shipyard survey methods (Naval Sea Systems Command, 1995). This yellow fiberglass 
insulation sample was located in a workspace partition, sandwiched behind a pressboard cover. 
The pressboard was also collected as a physically separate sample, distinct from the underlying 
fiberglass insulation. Shipyard surveys found the insulation sample to contain 2,000-ppm 
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Aroclor® 1254. The insulation sample (not the pressboard backing/lagging) was subsampled for 
leaching per protocols described in Subsection 2.3.  



Black Rubber. Sampling Location: Puget Sound Naval Shipyard, 29 July 1999, ex-Nathaniel 
Greene (SSBN-636) (NavSource Online Destroyer Photo Archive. 2006c). This PCBs-ISM was 
collected as a nearly intact shock mount on an equipment bracket. The sample is an unpainted, 
soft, rubbery polymer material with no apparent oil or grease present. Shipyard survey analysis 
indicated that it contained 500 ppm. It was subsampled for leaching studies in the laboratory per 
protocols described in Section 2.  



Foam Rubber. Sampling Location: Puget Sound Naval Shipyard, 29 July 1999, ex-Pogy 
(SSN-647), a Sturgeon Class Attack Submarine (NavSource Online Destroyer Photo Archive. 
2006d) and ex-Nathaniel Greene (SSBN-636) (NavSource Online Destroyer Photo Archive. 
2006c). Several samples of a foam rubber, also called Ensolite®, were collected. These samples 
are probably polyvinyl chloride (PVC)-nitrile-based, assuming they were the original compo-
nents installed onboard the vessels and had not been replaced with reformulated materials. Most 
samples were attached to the hull with an adhesive backing that upon removal, contained rust 
particulates. In addition, many of these samples were partially or entirely painted. The sample 
used for leaching was a painted sample from ex-Pogy, collected from a bracket in an engine 
room, and was probably present for head protection and to provide anti-sweat properties. The 
shipyard survey analysis indicated 5,100 ppm for this material, which was later subsampled for 
leaching studies in the laboratory per the protocols described in Subsection 2.3. 



Neat Aroclor® Controls. Two neat Aroclor® mixtures were also “collected” by purchasing 
them as National Institute of Standards and Technology (NIST)-traceable PCB analytical 
standards. These complex PCB mixtures, neat Aroclor® 1254, and neat Aroclor® 1268 were 
subsequently treated as shipboard solid samples to serve as analytical controls to measure 
seawater Aroclor® dissolution capacity under conditions identical to the leaching of shipboard 
solids throughout the leaching studies. Their respective concentrations are 100% by weight, 
being neat materials. These Aroclors® represent a PCB-ISM sample not influenced by a 
shipboard solid matrix. The neat PCB matrix does act as a matrix itself for the many different 
PCB congeners it contains. From the perspective of a single PCB congener in the material, the 
other PCB congeners in the mixture are analogous to a shipboard solid matrix, though with a 
maximum cohesive-type (PCB–PCB) interaction rather than the minimal cohesive interaction 
expected in the shipboard solids because of low PCB concentrations. The most distinctive 
differences between neat Aroclors® and shipboard solids are related to matrix characteristics,  
i.e., Aroclor® 1254 and 1268 are mobile, dynamic matrices that can themselves dissolve away, 
very much unlike a shipboard solid matrix. This difference is significant and, as a result, using 
Aroclor® results is only valid in understanding dissolution properties that may contribute toward 
observed leaching behaviors. A possible exception is that Aroclor® 1254 and 1268 results can 
perhaps be used as reasonable proxies for Aroclor® 1254 or 1268 containing matrices that are 
highly mobile, such as oil film and semi-solid greases. 



2.3. LABORATORY SUBSAMPLING OF SHIPBOARD SOLID MATERIALS 



Field samples were subsampled using a protocol developed in this work that focused  
on minimizing the possibility of any cross-contamination between classes of PCBs-ISM.  



Representative subsamples of each field sample were collected for (1) leaching under different 
laboratory-simulated shallow/estuarine or deep-ocean conditions, and (2) chemical analysis  
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of the solid to confirm that the PCB concentration was similar to that reported in the shipyard 
survey analysis. These latter representative solid concentrations are discussed in Subsection 3.1. 
In most cases, shipyard concentration values were confirmed within an order of magnitude. PCB 
concentrations that differed significantly from shipyard analyses are indicative of the sometimes-
extreme variation found in shipboard PCBs-ISM concentrations or, in some cases, may reflect 
changes in analytical technologies over time.  



In three cases, the collected shipboard solid sample was an assembly or composite that first 
required disassembly before subsampling the PCBs-ISM portion: 



• Inner felt gasket subsamples were collected from between flange-heads, originally bolted 
together to connect HVAC ducts. 



• Intact electrical cable, originally collected with painted armored shielding, was subsam-
pled for leaching without the armored shielding. However, for the entire EC sample,  
in areas where the paint had bled through the armored shielding onto the cable itself, 
small amounts of residual paint were present.  



• Bulkhead insulation was subsampled for leaching without the pressboard backing 
described previously.  



Except for paint particles and analytical Aroclor® controls, each subsample was prepared  
on a tray that had been twice-cleaned with high-performance liquid chromatography (HPLC)-
grade methanol and lined with a large sample-specific laboratory wiper (low-lint or cleanroom 
Kimwipe®). The PCBs-ISM subsample was collected each time with a new, stainless-steel 
dissection blade, twice-cleaned with HPLC-grade methanol before use. For subsamples of EC, 
the final operation required using wire cutters to sever the inner copper core once the dissection 
blade cut through the outer layers of material. The wire cutters were pre-cleaned with HPLC-
grade methanol before use and the cable was bent ~150° to expose the copper core and minimize 
physical contact with the inner resin and outer shell of the cable during cutting.  



Subsamples were photo-documented and a unique sample identification (ID) was assigned  
to each subsample by appending a capital letter alphabetically to the field ID, e.g., for a sample 
named “FieldID1,” subsamples would be assigned the names “FieldID1A,” “FieldID1B,” 
“FieldID1C,” etc. A similar naming convention was also adopted for control samples such as 
PCB standards and procedural blanks, for which subsamples were treated in an experimentally 
identical manner to shipboard solid subsamples. 



2.4. LABORATORY LEACHING OF PCBs-ISM 



2.4.1. Saturation Avoidance 



A primary goal of the experimental design was to avoid a saturation condition in the leaching 
vessel that could result in suppression of the dissolution component of the leaching process. This 
was achieved by performing the following: 



• Gentle mixing of leachate in the leaching vessel to avoid saturation at the shipboard 
solid–seawater interface 



• Seawater exchange/replacement of total volume of seawater leachate with a known 
amount of fresh, clean seawater leachate before saturation could be reached 
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In the presence of a saturation effect, the PCB concentration in the leachate would dictate  
the leaching behavior rather than allowing the physico-chemical properties of the solid sample 
and solid-leachate interface to dictate the leaching behavior. The seawater exchange effectively 
simulated advective transport of PCBs in the leachate away from the solid surface. When an 
exchange was performed, the leaching was effectively restarted at zero PCB concentration  
in the seawater leachate after each sampling event.  



2.4.2. Artificial Degradation/Disintegration Avoidance 



A second issue of concern centered on the possibility that natural disintegration of the 
shipboard solid might be artificially enhanced because of stirring in the leaching vessel. Disinte-
gration during the leaching experiment would produce particulates of PCBs-ISM material that 
could then contribute towards false positives as noted in solubility studies previously performed 
on similar (acoustic felt) samples at SPAWAR Systems Center San Diego (SSC San Diego).10  
In that study, results were confounded by this type of behavior; the study reported that PCB- 
rich particulates significantly skewed the analytical chemical results and noted that the mixing 
process significantly altered the physical integrity of the tested samples. Stirring felt samples 
freely in seawater is unlike what would be expected onboard a sunken vessel in the natural 
environment and clearly encouraged/hastened felt gasket disintegration and dispersal during  
the experiments, resulting in PCB extraction and chemical analysis difficulties.  



In this study, we took steps to ensure that similar effects would be minimized. The experi-
mental design incorporated a barrier system to minimize physical damage to the sample during 
the experiment and to localize any particulates that might exist within that barrier. As Figure 8 
shows, the outer barrier consisted of a stainless-steel “cage,” nominally 1/8-inch mesh size, pre-
cleaned with hexane and dried before use. Within that cage, a small pore size (nominally 1-
micron), binder-free, pre-cleaned, glass-fiber filter minimized the transport of any PCBs-ISM 
particulate matter into the leachate, while simultaneously allowing the free flow of seawater 
leachate to and from the shipboard solid surface. When a leaching experiment was initiated, the 
shipboard solid subsample was wrapped in a filter, pre-wet with doubly distilled deionized water, 
caged in the stainless-steel mesh, and immediately placed in a leaching vessel to begin leaching 
as described in Subsection 2.6. 



The increased leaching vessel surface area introduced by these materials was considered  
a portion of the total leaching experimental surface area. We expected that this surface area 
would probably adsorb a small amount of PCBs until its surfaces were passivated (saturated  
or inert to further adsorption). This expectation is an experimental uncertainty, but a reasonable 
approximation for the inorganic surface area susceptible to similar sorptive processes near a 
shipboard solid in a compartment onboard a sunken vessel. In the laboratory, the stainless-steel 
cage and glass-fiber filter remain with and become an integral part of the shipboard solid sample 
under test, which approximates a vessel compartment containing PCBs in equilibrium with its 
surrounding compartment surfaces. Natural degradation processes of shipboard solids in sea-
water under a given leaching scenario are still allowed to occur, but particulates are localized 
within the cage, and the observed PCB concentration in the leachate reflects increases or 
                                                 
10 Naval Ocean Systems Center (now SSC San Diego), Marine Sciences Division. 1989. “Evaluation of 
Polychlorinated Biphenyls (PCBs) in Damping Material on ex-Snook (SSN-592),” Preliminary Evaluation Report to 
Puget Sound Naval Shipyard and Naval Sea Systems Command (August), San Diego, CA. 
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decreases in surface area and/or PCB dissolution caused by such processes. These effects, if they 
exist, are considered part of the shipboard-solid-specific leaching behavior.  



 



2.5 cm2.5 cm



 
Figure 8. Shipboard solid sample cage used to localize shipboard solid particulates in the leaching vessel, 
as described above. An identical cage was used for negative analytical controls (procedural blanks 
without shipboard solid) and positive analytical controls (neat Aroclor® compounds) as described below.  



2.4.3. Positive and Negative Leaching Controls 



Samples consisting solely of the stainless-steel cage and glass-fiber filter barrier described 
above were prepared and treated under each of the different leaching experimental conditions  
to control for system contamination. These samples, called leaching procedural blanks, were 
prepared and treated identically to experiments performed with shipboard solids and with 
Aroclor® analytical controls. Insomuch as Aroclor® dissolution experiments are considered 
positive analytical controls for A1254 and A1268 solvation capacity, leaching procedural blanks 
are considered negative analytical controls. The former represents the maximum PCB 
concentration expected and the latter represents the minimum (zero) PCB concentration expected 
under any given experimental condition for leaching of shipboard solids. 



2.5. ARTIFICIAL SEAWATER LEACHATE PREPARATION 



Leaching of PCBs-ISM was performed in artificial seawater (ASW), rather than fresh or 
reconstituted natural seawater, to maintain consistent exposure conditions. This ASW leachate 
was prepared from an American Society for Testing and Materials (ASTM) standard (ASTM,  
1992) per the standard operating procedure (SOP) included in Appendix B. This ASW is 
prepared from pure ACS reagent-grade inorganic salts to provide a constitutional equivalent to 
typical seawater, with a salinity value of 34.0 ±0.5 psu (34,000 ±500 ppm), and a pH of 8.0 ±0.2. 
Natural and reconstituted seawater can contain organic particulate matter that is present at levels 
significant enough to remove trace amounts of PCBs through sorptive processes. Using ASTM 
ASW avoided possible processes that would interfere in the leaching process and assured us that 
all materials were leached under the same exposure conditions. Additionally, trace levels of 
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heavy metals in the ASW salts inhibit biological growth and removes biological pathways to 
PCB/leachate loss in the experiment.  



ASW was prepared in 20-L batch sizes as needed, and consistency from batch-to-batch was 
determined through pH and salinity measurements. Throughout the leaching studies, at least one 
sample of each batch was used for negative controls, and in this way, evaluated for possible PCB 
contamination through laboratory operations during ASW preparation. When a new ASW prepa-
ration (batch) was completed, it was filtered through a coarse glass frit to remove any gross 
particulate matter (occasional salt precipitates). This filtered ASW was used to initiate and/or 
replenish leaching experiments during leachate sampling operations until nearly consumed, when 
another seawater batch was prepared. New seawater batches were prepared approximately every 
4 to 6 weeks throughout the leaching study. In this manner, the ASW remained relatively fresh 
anytime, with less possibility of degradation effects such as salt precipitation or losses in 
buffering capacity (pH instability).  



2.6. GENERAL LEACHING EXPERIMENT DESIGN AND METHODOLOGY 



The approach to performing the leaching experiments in this study is described with emphasis 
on maintaining a simulated shallow-water leaching condition/scenario while simultaneously 
performing analytical sampling of PCB leachate as a function of time. The sampling design is 
critical in avoiding saturation effects as previously described. Throughout a given PCB leaching 
experiment (time-series), the primary focus was on ensuring that leachate samples were collected 
for conventional PCB chemical analyses (Subsection 2.7) while simultaneously not allowing 
PCB concentrations to approach saturation in the ASW leachate. Finally, the sampling design 
ensures that the solid and filter/cage remain wetted with ASW leachate so that the leaching 
process is not halted, even during sampling, and so that the ASW in the filter/cage does not begin 
dehydrating and precipitating salts. Such salts could remove PCBs (by occlusion or sorption) 
from the ASW leachate, thus artificially decreasing the PCB concentration in the leachate. If 
allowed to form, salt precipitates could adhere to or become trapped on the PCBs-ISM 
filter/cage, effectively blocking the leaching pathway, and contributing toward an artificially 
decreased leachate PCB concentration.  



2.6.1. Sampling Intervals 



Hypothetically, leaching might occur as an initial pulse or fast short-term release of PCBs 
followed by a slower long-term release, with the maximum leach rate observed somewhere 
between or perhaps even as the initially observed rate itself. Rapid PCB release requires 
sampling more often (short sampling interval) early in a leaching experiment, and perhaps less 
often (longer sampling interval) as leaching begins to slow down later in the experiment. Thus, 
each leaching experiment used various sampling intervals. The routine sampling approach for a 
leaching series included following an approximate/generic sampling schedule similar to the 
following: 



• Collecting a sample immediately after submerging the shipboard solid to characterize any 
rapid PCB release 



• Continued sampling on a progressive escalating sampling interval at 1 hour, 2 hours, 4 
hours, and 8 hours throughout the first day 



• Sampling once on day 2 











 



 
 



28



• Sampling once on day 4 



• Sampling once on day 7 during the first week 



• Sampling once on day 14 



• Once on day 28 during the first month 



• Continued sampling on a longer sampling interval, approximately once every  
6 to 8 weeks over many months 



• Final sample collection at experiment termination.  



For each sample collected, the entire leaching volume was collected from the leaching vessel 
for conventional chemical analysis. The leaching vessel was then replenished with clean ASW, 
effectively restarting the leaching at zero PCB concentration in the leaching vessel. Additionally, 
to avoid time-dependent adsorption issues (Sullivan, Atlas, and Giam, 1981) on the glass 
surfaces of the leaching vessel, leaching vessels were replaced once weekly with new/fresh,  
pre-cleaned amber glass leaching vessels. A selection of these used leaching vessels that were 
exposed to high-PCB leachate concentrations were analyzed to characterize any possible (but 
unlikely) PCB adsorption on the leaching vessel walls. 



2.6.2. Experimental Conditions 



Shallow, coastal leaching conditions were simulated in this study by immersing caged 
shipboard solids in ASW, inside 950 mL pre-cleaned amber glass leaching-vessels with Teflon®-
lined caps, and placing the leaching vessels in a 25°C constant temperature bath (Figure 9a)  
to maintain a constant shallow-water leaching temperature selected to represent the average 
seasonal maximum shallow-water temperature along U.S. coastal regions (The Open University 
and Pergamon-Elsevier Science, Ltd, 1995). The leaching vessels were labeled and weighed 
before placing the caged sample in them and before filling with a known mass of ASW leachate. 
Ambient pressure (~1 bar) was chosen for experimental simplicity as a low-pressure extreme. 
Preliminary results in a concurrent study indicate that a 20°C temperature decrease (see 
preliminary low-temperature leaching results at 4°C, summarized in Appendix E) has a much 
more significant effect than observed for a hydrostatic pressure of ~325 bar (a two to three order 
of magnitude pressure increase)11.  



A laboratory bench-top shaker operating at 45 rpm supplied adequate gentle mixing. The 
temperature of the shaker water bath was maintained at a constant 25°C, stabilized by recircula-
tion in series with an external water bath, for which the chilling element was purposely cycled  
in feedback mode against the heater. The low-temperature experiments summarized in Appendix 
E were collected as shown in Figure 9b, following the same method in a refrigerated forced air 
cabinet to maintain a constant 4°C temperature.  



 



                                                 
11 These high-pressure studies are designed to simulate deep-ocean leaching conditions and use a special stainless-
steel, high-pressure/low-temperature leaching system. See Footnote 7 in the Executive Summary. 
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Figure 9. The constant temperature apparatus for ambient pressure leaching at 25°C is shown in (a) and 
that for 4°C is shown in (b). Both systems used gentle mixing through a bench-top shaker table, operated 
at 45 rpm to simulate dynamic flow around the shipboard solids under test, and maintained a constant 
temperature throughout the leaching experiments (1 to 2 years).  
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Conditions were similar in all leaching experiments, regardless of the solid tested. Experimen-
tal variables such as pressure, temperature, salinity, and pH were controlled or maintained  
at constant values. Sample-specific variables were measured (e.g., shipboard solid mass, sample 
size, leachate volumes, etc.) to use for leaching data reduction and analysis.  



We were careful in ensuring that Environmental Protection Agency (EPA)-accepted method-
ologies and protocols were followed in general throughout the study, especially during standard 
laboratory operations such as sample handling, leachate sampling, sample storage, and analytical 
chemistry-related methodologies. Only pre-cleaned glass, stainless steel, or Poly Tetra Fluoro 
Ethylene (PTFE) (Teflon®) in that order of preference, were allowed to come into contact with 
seawater leachate containing PCBs, based on published literature concerning PCB loss and 
degree of reversibility for common laboratory polymers/plastics (Cseh, Sanschagrin, Hawari, and 
Samson, 1989). PCB leachate was extracted along with the glass sample collection bottles when 
the analytical chemistry commenced for that sample.  



2.7. ANALYTICAL CHEMISTRY OF PCBs 



2.7.1. PCB Screening Analyses 



During each sampling interval, screening-level PCB analyses were performed using commer-
cial immunoassay techniques (measured as Aroclor® 1254, modification of EPA Method 4020  
(U. S. Environmental Protection Agency, 1997b). Commercially available immunoassay kits and 
methodologies were modified and validated for seawater as presented in an ACS Environmental 
Chemistry Symposium as part of this work (In, Guerrero, Lane, and George, 2001a). These 
screening analyses were performed on aliquots of small-volume (2-mL) seawater leachate 
samples to aid in defining primary sampling intervals in real time as described in a companion 
paper at that symposium (In et al., 2001b).  



2.7.2. Conventional PCB Analyses 



At the end of each sampling interval, conventional high-throughput analyses were performed 
under a performance-based contract with Arthur D. Little, Inc. (ADL). PCBs were quantified in 
seawater and in leached solids using gas chromatography (GC)/mass spectrometry (MS) in 
selected ion monitoring (SIM) mode (EPA Method 680), entitled “Test Methods for Determina-
tion of Pesticides and PCBs in Water and Soils/Sediment by Gas Chromatography-Mass 
Spectroscopy” (U.S. Environmental Protection Agency, 1985). GC-MS/SIM analyses were 
performed using SOP ADL-2845, a modification of Method 680, entitled “PCB Congeners, 
Homologs, and Aroclors® by Gas Chromatography/Mass Spectrometry in the Selected Ion 
Monitoring Mode.” This method uses a DB5 Column, under the following conditions, excerpted 
from the ADL Sample Preparation and Analysis Method Summaries section and the detailed 
SOP ADL-2845 included in Appendix B.  



The GC/MS was operated in SIM mode to obtain the desired sensitivity that is comparable to 
that of a GC equipped with an electron capture detector (ECD). The GC/MS was first tuned with 
perfluoro-tributyl-amine (PFTBA = n-(C4F9)3N), a common mass calibration standard for mass 
spectrometry, to verify accurate mass assignment and to maximize the sensitivity of the instru-
ment in the mass range of interest (100 to 300 atomic mass units). After tuning, an initial 
calibration was performed that consisted of five calibration standards at different concentration 
levels spanning the concentration range of interest. Average response factors for each target 
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compound and surrogate are calculated from the initial calibration standards relative to the 
internal standard compounds added to the sample extracts just before instrumental analysis. 
Continuing calibration standards at a mid-range concentration level were analyzed at the 
beginning of each analytical sequence and every 18 hours or after every 10 sample analyses to 
monitor sensitivity and linearity of the GC/MS. Sample analyses were performed only after 
acceptable calibration analyses were obtained. The average response factors generated from the 
initial calibration were used to calculate the concentrations of target compounds and surrogates 
in the experimental and quality control samples. The recoveries of the surrogate compounds 
spiked into the sample before extraction were used to assess sample-specific extraction 
efficiency. The target compound concentrations were adjusted based on sample-specific 
surrogate recoveries to correct for differences in extraction efficiency.  



In general, the sample-specific detection limits were at the subpart per trillion levels for 
congener GC-MS/SIM analyses. Method 680 was most useful for empirical determinations  
of tPCBs as the sum of measured homologs. The conventional method for estimating tPCBs uses 
an algorithm derived from specific congener data (measured using GC-ECD Methods 8081M  
or 8082 (U.S. Environmental Protection Agency, 1997c), similar to how Aroclors® are measured. 
Representative subsamples of shipboard solids were initially analyzed for Aroclor® content 
(tPCBs as the sum ofAroclors® in Table 6) using EPA Method 8082 to compare with reported 
shipyard analyses and to confirm that there would be sufficient PCB levels present for analytical 
detection in seawater leachate. Method 8082 was not used for any other samples. One batch of 
Aroclor® analyses, performed for a subsample of electrical cable as a comparison with Method 
680, used GC-ECD Methods per SOP ADL-2818 “Determination of Chlorinated Pesticides and 
PCB Congeners by Gas Chromatography-Electron Capture Detection (GC/ECD),” a modified 
version of EPA’s Method 8081M using dual, dissimilar columns and dual detectors. The 
following is taken from SOP ADL-2818 and included in the ADL Sample Preparation and 
Analysis Method Summaries section of Appendix B. A Restek RTX-5 column (or equivalent) 
was used as the primary column and a DB-17 column (or equivalent) was used as the 
confirmation column. Before sample analysis, an initial calibration was performed that consisted 
of five calibration standards at different concentration levels ranging from 1 to 200 ng/mL. 
Average calibration factors for each target compound and surrogate are calculated from the 
initial calibration standards (external standardization). Continuing calibration standards at a mid-
range concentration level were analyzed at the end of each analytical sequence and every 16 
hours or after every 10 sample analyses, whichever was more frequent, to monitor sensitivity, 
retention time stability, and linearity of the GC/ECD. Sample analyses were performed only after 
acceptable calibration analyses were obtained. The average calibration factors generated from the 
initial calibration were used to calculate the concentrations of target compounds and surrogates 
in the environmental and quality control samples. When coelution occurred between one or more 
target compounds or when interference occurred on the primary column, the results were 
reported from the confirmation column for the affected compounds. Compound identification 
was based on (1) detecting a peak within the established retention time window for a specific 
compound on the primary and confirmation columns, and (2) the analyst’s judgment. The 
recoveries of the surrogate compounds spiked into the sample before extraction were used to 
assess sample-specific extraction efficiency.  The target compound concentrations were adjusted 
based on sample-specific surrogate recoveries to correct for differences in extraction efficiency.  



EPA Method 8081M was used in a comparability study with results from Method 680  
for the representative electrical cable subsample only. Method 680 (GC-MS/SIM) was used  
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as the conventional analytical method of choice for all seawater leachate and leached solid 
analyses, based on a detection limit evaluation performed at the beginning of the leach rate study 
for a selection of common congeners of interest (Figure 10). A more detailed description of 
sample-specific method detection limits (or “minimum detection limits”) is in Appendix B.  
The U.S. Environmental Protection Agency defines the method detection limit (MDL) as  
“the minimum concentration of a substance that can be measured and reported with 99 percent 
confidence that the analyte concentration is greater than zero.” (U.S. Environmental Protection 
Agency, 1986) 
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Figure 10. MDL study values for PCB target congeners in representative PCB-LRS water samples using 
three different methods, GC-ECD (EPA Method 8081M), Micro-GC-ECD (modified EPA Method 8081M), 
and GC-MS/SIM (EPA Method 680). Micro-GC-ECD is shown for comparison purposes only and was not 
used in this study. The average congener MDL using each method is shown next to the legend. 



The PCBs in Table 4 and Table 5 are the analytes of interest in this work and are the same 
analytes of concern in previous studies.2, 3, 6, 7. The measurement of homolog groups allows one  
to empirically account for all PCBs in the sample without separately/individually quantifying 
each of the 209 PCB congeners. Summation of the homolog groups allows for an empirical 
determination of tPCBs, as mentioned previously.  
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The congener target analytes correspond to PCB congeners considered important in ecological 
and human health risk assessments. These include PCB congeners that are thought to interact 
with biological receptors in a manner similar to dioxins, and are thus called dioxin-like PCBs. 
The 13 dioxin-like PCBs in Table 4 (annotated in red/asterisks), correspond to non-ortho and 
mono-ortho PCBs that, when this study began, were considered dioxin-like by the EPA (U.S. 
Environmental Protection Agency, 2000) and the World Health Organization (WHO). At that 
time, the WHO also considered di-ortho PCBs (170 and 180) dioxin-like. PCB 170 and PCB 180 
are PCB analytes included in this study, and PCB81 (3,4,4’,5-tetrachlorobiphenyl) is not a PCB 
analyte included in this study as a result of compiling dioxin-like listings at the time of this 
study’s inception. WHO 1997 toxicity equivalency factor (TEF) re-evaluation studies have since 
added this congener and removed PCB170 and PCB180. The EPA dioxin reassessment12 has 14 
dioxin-like PCBs listed, including PCBs 81, 170, and 180.  
Table 4. Congener analytes of interest in the PCB leach rate study. Those shown in red and noted with 
an asterisk are considered dioxin-like and were compiled at this study’s inception from EPA and WHO 
lists of  “dioxin-like” PCB congeners. Subsequent to this, PCB81 (3,4,4’,5-tetrachlorobiphenyl) was listed 
as dioxin-like in WHO TEF re-evaluation studies, which also resulted in PCB 170 and PCB 180 being 
removed from the WHO dioxin-like congener list, while the EPA dioxin reassessment document12 lists  
14 dioxin-like PCBs, including congeners 81, 170, and 180. Dioxin-like PCBs that are considered 
coplanar are indicated with CP0 (non-ortho) and CP1 (mono-ortho), following the convention in the Table 
of PCB Congeners and Other Species (U.S. Environmental Protection Agency, 2006).  



IUPAC Number IUPAC Name 



8 2,4'-Dichlorobiphenyl 



18 2,2',5-Trichlorobiphenyl 



28 2,4,4'-Trichlorobiphenyl 



44 2,2',3,5'-Tetrachlorobiphenyl 



49 2,2',4,5'-Tetrachlorobiphenyl 



52 2,2',5,5'-Tetrachlorobiphenyl 



66 2,3',4,4'-Tetrachlorobiphenyl 



77* (CP0) 3,3',4,4'-Tetrachlorobiphenyl 



87 2,2',3,4,5'-Pentachlorobiphenyl 



101 2,2',4,5,5'-Pentachlorobiphenyl 



105* (CP1) 2,3,3',4,4'-Pentachlorobiphenyl 
 



                                                 
12 National Academy of Sciences. 2003. “Estimating Exposure to Dioxin-like Compounds.” In Exposure of Human 
Health Reassessment of 2,3,7,8-tetrachlorodibenzo-p-dixin (TCDD) and Related Compounds.” Review Draft 
(December), Washington, DC. 
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Table 4. Congener analytes of interest in the PCB leach rate study. (cont) 



IUPAC Number IUPAC Name 



114* (CP1) 2,3,4,4',5-Pentachlorobiphenyl 



118* (CP1) 2,3',4,4',5-Pentachlorobiphenyl 



123* (CP1) 2',3,4,4',5'-Pentachlorobiphenyl 



126* (CP0) 3,3',4,4',5-Pentachlorobiphenyl 



128 2,2',3,3',4,4'-Hexachlorobiphenyl 



138 2,2',3,4,4',5'-Hexachlorobiphenyl 



153 2,2',4,4',5,5'-Hexachlorobiphenyl 



156* (CP1) 2,3,3',4,4',5-Hexachlorobiphenyl 



157* (CP1) 2,3,3',4,4',5'-Hexachlorobiphenyl 



167* (CP1) 2,3',4,4',5,5'-Hexachlorobiphenyl 



169* (CP0) 3,3',4,4',5,5'-Hexachlorobiphenyl 



170* 2,2',3,3',4,4',5-Heptachlorobiphenyl 



180* 2,2',3,4,4',5,5'-Heptachlorobiphenyl 



183 2,2',3,4,4',5',6-Heptachlorobiphenyl 



184 2,2',3,4,4',6,6'-Heptachlorobiphenyl 



187 2,2',3,4',5,5',6-Heptachlorobiphenyl 



189* (CP1) 2,3,3',4,4',5,5'-Heptachlorobiphenyl 



195 2,2',3,3',4,4',5,6-Octachlorobiphenyl 



206 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 



209 Decachlorobiphenyl 
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Table 5. Homolog group analytes 
 of interest in the PCB leach rate study. 



Homologue Groups 



Monochlorobiphenyl (Cl1) 



Dichlorobiphenyl (Cl2) 



Trichlorobiphenyl (Cl3) 



Tetrachlorobiphenyl (Cl4) 



Pentachlorobiphenyl (Cl5) 



Hexachlorobiphenyl (Cl6) 



Heptachlorobiphenyl (Cl7) 



Octachlorobiphenyl (Cl8) 



Nonachlorobiphenyl (Cl9) 



Decachlorobiphenyl (Cl10)



 
Table 6. Aroclor® analytes of interest 
in the PCB leach rate study. 



Aroclor® Types



Aroclor® 1221 



Aroclor® 1232 



Aroclor® 1242 



Aroclor® 1248 



Aroclor® 1254 



Aroclor® 1260 



Aroclor® 1262 



Aroclor® 1268 
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The list of congeners analyzed in PCB leach rate study samples compares reasonably well  
to congeners commonly reported in studies of natural environmental samples. Table 7, 
reproduced from McFarland and Clarke (1989), shows the 36 congeners commonly found  
in the environment.  



Table 7. PCB congeners of concern found in the environment. Details  
are described in the text. Congeners listed in McFarland and Clarke (1989), 
 but not analyzed in PCB leach rate study samples are shaded. 



IUPAC Number 



Group 1A Group 
1B 



Group 
2 



Group 
3 



Group 
4 



     



77 105 87 18 37 



126 118 99 44 81 



169 128 101 49 114 



 138 153 52 119 



(1989) 156 180 70 123 



 170 183 74 157 



  194 151 158 



   177 167 



   187 168 



   201 189 



 



McFarland and Clarke (1989) described their list of 36 congeners by enzyme-induction type. 
Induction of some enzyme types may be linked to metabolic carcinogenic processes. Group  
1A–B congeners are the most likely to contribute to adverse biological effects in environmental 
samples. Group 1A congeners are aryl hydroxylase enzyme inducers. Group 1B congeners  
are mixed type inducers (mixed function oxidase enzyme-type) frequently reported in environ-
mental samples. The toxicity potential of congeners is inferred by this property (mixed function 
oxidase enzyme induction). Group 2 congeners are phenobarbital-type, mixed-function, oxidase 
enzyme inducers prevalent in the environment, and most are relatively abundant in tissues. 
Group 3 congeners are weak or non-mixed function oxidase inducers, but are frequently found  
in environmental tissue samples (fish and invertebrates). Group 4 congeners are mixed-type 
inducers that are relatively scarce in environmental samples. 
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2.8. SHIPBOARD SOLID EXTRACTION 



Shipboard solid sample extraction was performed using ADL's SOP ADL-2819.04, “Extrac-
tion of Polychlorinated Biphenyls and Chlorinated Pesticides from Sediment or Shoreline Soil 
Samples.” The solids were thoroughly cut or ground up into small pieces and returned to the 
original sample container for chemical analysis. Approximately 75 grams of sodium sulfate  
was mixed into each sample, followed by the addition of 100 mL of 50:50 dichloromethane/ 
acetone. Each environmental and quality control sample was spiked with PCB surrogate solution 
before the first addition of the extraction solvent. Table 8 lists the sample surrogates. The quality 
control (QC) samples that were processed along with the samples included one procedural blank 
(PB), one blank spike (BS), and one blank spike duplicate (BSD). The concentration of the surro-
gate compounds spiked into the samples was determined based on the expected contamination 
level in the samples. For this project, all surrogates were spiked at high levels in the shipboard 
solid samples. Besides the surrogate solution, the BS, BSD, and QC samples were spiked with a 
subset of the target PCB compounds.   



Organic compounds were extracted from the solid samples using a 50:50 mixture of the 
organic solvents dichloromethane and acetone. For each sample, a 100-mL aliquot of solvent 
was added to the original sample container and placed on an orbital shaker for 12 hours. The 
samples were centrifuged and the organic solvent layer was decanted into a flask. This extraction 
procedure was repeated two more times with fresh aliquots of solvent and shaking for a shorter 
time. The three solvent extracts per sample were combined and water was removed from the 
combined extract by adding approximately 75 g of sodium sulfate. Alumina column cleanups 
were performed on the sample extracts to remove potential contamination that would interfere 
with sample analysis. All extracts were concentrated to approximately 1 mL, using Kuderna-
Danish (KD) concentrators and nitrogen evaporation. Extracts were split into archive and 
working volumes. The working extract volume was then exchanged into hexane for PCB 
analyses. 



2.9. LEACHATE EXTRACTION 



PCB-leachate (seawater), procedural (leaching) bottle blanks, and stainless-steel/glass-caging 
sample extraction was performed using SOP ADL-2824, “Extraction of Semivolatile Hydrocar-
bons and PCBs/Pesticides from Water Samples,” a modification of EPA Method 3510B, 
“Separatory Funnel Liquid-Liquid Extraction” (U.S. Environmental Protection Agency, 1997a). 
The following description is excerpted from SOP ADL-2824, included in Appendix B, and  
in the ADL Sample Preparation and Analysis Method Summaries section of Appendix B.  
With every sample preparation batch the following QC samples were prepared: PB, BS, and 
BSD. Each environmental and QC sample was transferred to a separatory funnel and spiked  
with PCB surrogate solutions before the first addition of the extraction solvent. Table 8 lists  
the sample surrogates. We determined the concentration of the surrogate compounds spiked  
into the samples based on the expected contamination level in the samples. For this project,  
all surrogates were spiked at low levels in the water samples. Besides the surrogate solution,  
the BS and BSD QC samples were spiked with a subset of the target PCB compounds. 











 



 
 



38



Table 8. Internal standard and surrogate 
compounds used in the PCB leach rate study. 



Internal Standard 



Tetrachloro-M-Xylene (TCMX) 



 



Surrogates 



4,4’-Dibromo-Octafluoro-Biphenyl 
(DBOFB) 



PCB 103 



 



PCB 198 



 



Organic compounds were extracted from the water, procedural (leaching) bottle blanks, or 
stainless-steel/glass-caging samples using the organic solvent dichloromethane. For each sample, 
a 120-mL aliquot of solvent was added to the separatory funnel; the separatory funnel was then 
sealed and shaken vigorously for 1 to 2 minutes. The organic layer was allowed to separate from 
the water phase and then was drained into a flask. This extraction procedure was repeated two 
more times with fresh aliquots of solvent. The three sovent extracts per sample were combined 
and water was removed from the combined extract by adding approximately 75 g of sodium 
sulfate. All extracts were concentrated to approximately 1 mL, using Kuderna-Danish (KD) 
concentrators and nitrogen evaporation. Extracts were split into archive and working volumes. 
The working extract volume was exchanged into hexane for PCB analyses. 



2.10. DATA MANAGEMENT 



A master electronic database was designed, populated, maintained, and compiled from each 
individual leaching experiment. It included specific experimental information, screening analysis 
results, draft results of conventional sample analysis, and final results of conventional sample 
analysis (including quality control results).  



Leaching laboratory data were manually entered into database files directly from laboratory 
notebooks and/or logbooks. All analytical data reported electronically were archived in their 
original format (as delivered) before input into the SSC San Diego database. Any subsequent 
revisions to the file were archived as the latest version and the original version was archived 
separately as a draft report and not used except for tracking purposes.  



2.11. DATA EVALUATION AND DATA REDUCTION 



Throughout each leaching experiment, SSC San Diego personnel continuously evaluated 
project data, which was used to verify that analysis results were within specified QC allowances 
and that all sample-associated information was correct. When a questionable issue was 
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identified, the ADL analytical project manager was informed to clarify the issue or correct  
the data analysis report. In the former case, the clarification was simply noted in the database.  
In the latter case, a revised analysis report was prepared with corrected data. The revised dataset 
was then entered or imported into the database as the most recent version and the original data 
remained archived separately as a draft original file, as previously indicated.  



Preliminary leach rate calculations were performed as soon as possible to evaluate the leaching 
progress in as near to real time as possible. This procedure was particularly important for 
leachate samples that contained tPCB concentrations (as Aroclor® 1254) lower than 2 ppb,  
the practical detection limit for immunochemical screening analyses.  



Each leachate sample was an independent evaluation of the leaching behavior of the solid 
under test in that leachate volume over a specific time period. That specific time period started 
from when fresh seawater was introduced to the leaching vessel until the sample was collected 
for conventional chemical analysis. This time corresponds to the sampling interval.  



A complete leaching experiment included a series of such partial or batch leaching 
experiments performed on the same shipboard solid sample (by removing the caged solid from  
a previous leaching vessel and placing it in a new leaching vessel with new ASW leachate  
as described previously, repeated over the entire leaching experimental timeframe). Figure 11 
illustrates this process for a hypothetical dataset, where each concentration data point plotted 
versus time corresponds to the concentration in each partial leaching evaluation.  
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Figure 11. Hypothetical leachate concentration data. Each positive slope (straight line) between asterisks 
is proportional to the average leach rate for that partial or incremental leaching experiment as described 
in the text. The average leach rates for these hypothetical data are plotted versus absolute leaching time 
in Figure 12. 
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2.12. CALCULATION OF LEACH RATE 



The generic leach rate for each sampling interval is proportional to the measured change in 
concentration over the time period for each partial leaching experiment across the leaching series 
as functionally described in Equation 1. The leach rate can be calculated by using the exposure 
volume in each given leaching interval to determine the mass released as a function of time as 
shown in Equation 2 and illustrated in Figure 12.  



Equation 1 
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where d[PCB] is the differential change in PCB concentration, dt is the corresponding differen-
tial change in leaching time, V is the leaching interval (exposure) volume, ti is the beginning of 
the leaching interval, and tf is the endpoint of the leaching interval.  



In this study, units for these parameters are measured and reported for concentration in ng/L 
(pptr), time in units of days (d), and volume in liters (L). The generic leach rate in Equations 1 
through 3 are thus in units of ng/day. This leach rate can be further normalized to mass of 
shipboard solid tested in grams, as described later in Equation 5, providing a mass-normalized 
average leach rate (AvgLR) in units of ng/g shipboard solid-day, the specific leach rate units 
used throughout this study. “AvgLR” hereafter represents this mass-normalized average leach 
rate. 



The final concentration in a leachate sample is equivalent to the change in concentration 
because each batch sampling interval starts with a PCB concentration effectively equal to zero 
(fresh seawater) and leaches with time until it is collected at the end of that incremental leaching 
experiment. The change in time (∆t) or time that the solid spends in a particular seawater leach-
ate sample volume for a partial/incremental leaching experiment is conveniently equivalent to 
the sampling interval (tf – ti). Equation 2 can then be described simply by the following batch 
reactor equation. 



Equation 3 
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A leach rate curve describing the behavior for the shipboard solid under test can be prepared 
by plotting the leach rates for each of the partial/incremental leaching experiments in the 
complete leaching series versus the absolute leaching time or total exposure time (not ∆t,  
the partial or sampling interval). The absolute leaching time is indexed or referenced to the date 
and time that leaching for the shipboard solid was initiated (t0). This type of curve is shown  
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as an AvgLR curve in Figure 12 for the hypothetical concentration data plotted in Figure 11  
by assuming a hypothetical leaching volume of 1 L for each partial/incremental leaching 
experiment (over each interval, ∆t), and normalizing to an assumed mass of 1 gram of shipboard 
solid tested.  
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Figure 12. Example of a hypothetical changes in AvgLR with time for the hypothetical leached PCB 
concentration data in Figure 11. 



2.13. LEACH RATE ANALYSIS 



Complete leaching curves for each shipboard solid tested were derived to represent the average 
leaching behavior as a function of absolute leaching time or seawater exposure time. Compari-
sons of leaching curves for different shipboard solids also demonstrate the degree to which each 
shipboard solid matrix attenuates PCB release. Evaluating these leaching curves to determine 
leach rate dynamics or stability as a function of time is also particularly useful.  



If a decreasing AvgLR was observed during a leaching experiment, with at least four decreas-
ing AvgLR data points, they were best-fit to an appropriate curve and evaluated using analysis of 
variance (ANOVA) (Ryan, 1990). This curve-fitting approach provided a crude predictive 
capability subject to statistical validity and confidence, but was most useful to evaluate whether 
the 95% confidence or prediction limits for such an extrapolated curve would support using the 
empirical endpoint of the AvgLR curve beyond the experimental timeframe.  



Confidence and prediction limits for future AvgLR values were calculated using standard 
statistical equations available in most curve-fitting and analysis programs. The latter (prediction) 
limits were calculated for 20 predictions and are generally larger than confidence limits because 
of decreased precision in predicting future specific values as opposed to predicting future 
average values (confidence limits). In all cases, the fit was performed on the observed curve 
maximum and points beyond that observed maximum.  
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3. EMPIRICAL DATA AND OBSERVATIONS 



3.1. PCBs-ISM CHARACTERIZATION 



Table 3 summarized the concentrations of PCBs in leached shipboard solids and compared 
them with representative solid analyses and shipboard solid analyses. Table 9 provides more 
detailed representative solid analysis results for Aroclor® in which three additional analyses are 
included for the physically separable/dissectible components of electrical cable and foam rubber. 
In all cases, the concentration of primary Aroclor® (1254, 1260, or 1268) was greater than 100 
ppm, and in some cases, the solid contained congeners for which a best-fit analysis indicated the 
possibility of more than one Aroclor®. The representative solid results were considered an 
estimate of the nominal pre-leaching concentration in solid subsamples before leaching.  



The initial starting concentrations for each leached solid was determined by measuring the 
PCB concentration in the solid subsequent to leaching and adding that to the mass released 
during the experiment. This approach provided a way to indirectly determine the starting 
concentration in the solid at the beginning of the leaching experiment for each leached 
subsample and leaching experiment (Equation 4).  



Equation 4 



S



LR
I M



MMPCB )(][ +
=  



In this equation, for any given leaching experiment, [PCB]I is the concentration of PCBs 
initially in a shipboard solid (g PCB/g shipboard solid), MR is the total mass (g PCB) of PCBs 
released over the course of the leaching experiment, ML is the residual PCB mass (g PCB) in the 
leached solid, and MS is the mass of solid tested (g shipboard solid). Because leaching experi-
ment PCB analyses were performed based on empirical tPCBs (sum of the measured homologs) 
to reduce uncertainties associated with performing Aroclor® analyses, we assumed that the 
Aroclor® distributions (relative amounts of Aroclors®) in the solid samples used for leaching  
were similar to the best-fit Aroclor® distributions in these representative solid samples (Table 3). 



Figure 13 shows photographs and schematics of the electrical cable components and foam 
rubber samples with photos of the other shipboard solids. Electrical cable was separated into 
inner core (resin binder adjacent to outer plastic sheath) and middle (paper/resin insulation 
adjacent to copper center conductor) components and analyzed in addition to the intact cable  
(all components including center copper wire). Paint chips were removed from the foam rubber 
and analyzed in addition to the intact foam rubber with paint analysis. The additional analyses  
of physically separated/dissected electrical cable and foam rubber were performed to identify,  
if possible, where the bulk of the PCB source resided in the material. These results show that 
PCBs are present at quite significant levels in all three components of electrical cable and in both 
components of foam rubber. Note that for the foam rubber sample, unlike the A1254 distribution, 
the A1260 concentration in the intact solid is lower, indicating that it seems more closely 
associated with the paint component instead of the foam rubber itself.  
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Table 9. Aroclor® concentrations in µg/g (ppm) as determined for best-fit analyses of the congener 
distribution for representative subsamples of each shipboard solid used in leaching experiments. These 
materials correspond to the shipboard solids collected during the ship sampling effort for which 
subsamples were subsequently leached in this study. Separate determinations were also made for 
different physical dissections of both electrical cable and foam rubber subsamples in an effort to possibly 
identify the primary PCB-containing components for these samples. These included the paint-only portion 
of the foam rubber field sample, the inner component only (resin binder adjacent to outer plastic sheath) 
of the electrical cable field sample, and the middle component only (paper/resin insulation adjacent to 
copper center conductor) of the electrical cable field sample.  



µg/g (ppm)
Felt Gasket 



(outer)
Felt Gasket 



(inner)
Black 



Rubber
Bulkhead 
Insulation



Aluminized  
Paint



Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254 2,100 160 470
Aroclor 1260 72 94 540
Aroclor 1262
Aroclor 1268 100,000 140,000 46 120



µg/g (ppm) Foam Rubber



Foam 
Rubber 



Paint 
Chips



Electrical 
Cable



Electrical 
Cable 



(middle)



Electrical 
Cable (inner)



Aroclor 1221
Aroclor 1232
Aroclor 1242 8.4 3 2.9
Aroclor 1248
Aroclor 1254 7,100 3,300 1,800 610 1,200
Aroclor 1260 550 1,100 160 78 100
Aroclor 1262
Aroclor 1268



 



3.2. SHIPBOARD SOLID MATERIALS 



Figure 13 shows photos of each representative shipboard solid. These photos show each 
shipboard solid subsample before leaching. Generally, the solids did not differ in appearance 
from these photos after seawater exposure over the experimental (leaching) timeframe. The 
length of each solid (as leached) corresponded to ~3 inches, except for those solids shown in 
Figure 13a and d, which were both ~2 inches long. The Aroclor® 1254 and Aroclor® 1254 
control samples were placed on 1-inch x 3-inch pieces of binder-free, glass-fiber filter, similar to 
the one in the paint sample photo (Figure 13f). The masses of the shipboard solids were recorded 
before leaching. Shipboard solids were generally described in Section 2. 
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Felt Gasket-Outer~2.5 cm
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~2.5 cm



d.



Black Rubber



Bulkhead Insulation ~2.5 cm



e.



f.



Aluminized Paint ~2.5 cm



~2.5 cm



d.



Black Rubber



Bulkhead Insulation ~2.5 cm



e.



f.



Aluminized Paint ~2.5 cm
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g.



Foam Rubber/Ensolite



~2.5 cm



h.



Electrical Cable



~2.5 cm



Outer Shell



Center Copper Conductor



Inner Component
(Resin Binder)
Middle Component



(Paper/Resin)



g.



Foam Rubber/Ensolite



~2.5 cm



h.



Electrical Cable



~2.5 cm



Outer Shell



Center Copper Conductor



Inner Component
(Resin Binder)
Middle Component



(Paper/Resin)
 



Figure 13 (a–h). Representative photos of shipboard solids: (a) Felt Gasket-Outer (FGO), (b) flange 
bottom edge where FGO was collected, (c) Felt Gasket-Inner (FGI) with flange collection site, (d) Black 
Rubber Pipe Hanger Liner (BRPHL)—subsample is shown in center, with remaining pieces of the ship 
sample on the left and right, (e) Bulkhead Insulation (BHI), (f) Aluminized Paint (AP), (g) Foam 
Rubber/Ensolite® (FRE), and (h) Electrical Cable (EC) with a schematic illustrating its internal 
components. The masses of each leached solid are reported in Subsection 3.4. 
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3.3. LEACHING DATA DESCRIPTION 



Ideally, a leaching experiment would be performed by placing the solid into a large enough 
volume of seawater to avoid saturation with PCBs, and by avoiding dilution effects or other 
effects related to removal of the required volume of seawater leachate (~1L) for conventional 
very low-level PCB analysis. Such an ideal approach would result in an experimental concentra-
tion versus time plot in a constant volume of water, a prerequisite for evaluating kinetics  
of leaching behaviors, especially for individual PCB congeners using classical data analysis tech-
niques. Unfortunately, this ideal approach would require a priori knowledge of the leach rate  
for any given solid, which was not available. Indeed, this is the solid-specific property we sought 
to empirically determine in this work because such leaching data were not available.  



To work around the experimental difficulties and detrimental effects associated with PCB 
saturation and dilution issues related to sample (volume) removal, an experimental approach  
was developed during the preliminary phase of this study using a sample of FGI as a representa-
tive test solid before the leaching experiments described in this report. This particular solid was, 
at the time, assumed to represent the experimental extreme (solid expected to be most difficult to 
contain for mass balance purposes, and was likely to have a worst-case release because of the 
tendency to break apart with physical stress induced by stirring action), i.e., a fast-leaching solid 
for leaching experiments based on a typically high-PCB concentration and potential for artifi-
cially induced high surface area. The preliminary development did not analyze leachate using 
analytical chemistry. Rather, the bench-top methodologies and SOPs were developed, evaluated, 
and optimized during this phase, before initializing experiments for which analytical results were 
collected and reported. Additionally, the approach developed and used in the study allowed for 
analytical data collection as a function of leaching time in known volumes of seawater leachate, 
while remaining below the saturation limit in the immediate volume of seawater leachate 
surrounding the solid at anytime during the leaching process. The process used to avoid satura-
tion also allowed for a more conservative measure of leaching under completely advective 
conditions, a condition unlikely to be the case within the vessel where PCBs-ISM reside.  
The practical concentration (saturation) limit for Aroclor® was empirically observed using neat 
Aroclor® standards as positive analytical controls for dissolution under conditions identical 
to the leaching conditions for shipboard solids. Because the shipboard solids exhibited leaching 
at tPCB concentrations below these positive controls, the experimental leaching curves reflect 
valid leach rates, including only the leaching suppression dictated by the shipboard solid matrix 
itself.  



Each leaching experiment was, in effect, performed to simulate the ideal experiment described 
above using seawater exchange, i.e., by sequentially exposing a given shipboard solid to 
individual ~1L aliquots of clean seawater at time intervals designed to avoid PCB saturation in 
each seawater leachate batch. This approach also allowed for the detection of very small changes 
in PCB release, on the order of sub-nanogram quantities of congeners, unlike the larger mass 
release that would have been required to detect PCB congeners by increasing the sampling time 
periods and analyzing 1-L aliquots from a very large leaching volume. These intervals or batch 
leaching experiments between seawater exchange points coincided with leachate sampling events 
and represent the sampling interval or time resolution between analyses of PCBs in the seawater 
leachate. The batch leaching/sampling experiments were continued until such a time that conven-
tional chemical analysis of the seawater leachate indicated that leaching had stopped or had 
reached what appeared as a stable leaching condition subsequent to an empirically observed 
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maximum leach rate. The mass normalized average leach rate (AvgLR) was then calculated as 
shown in Equation 5 (an extension of Equation 3) for seawater leachate samples that had 
previously contained the solid of interest by analyzing the leachate to determine the PCB concen-
tration and then converting that concentration into the mass PCBs released into that volume, and 
finally by dividing that value by the leaching time (sampling) interval, i.e., the time that the solid 
had been exposed during the batch leaching experiment. 



Equation 5 
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where AvgLR (ng/g-shipboard solid-day) is the mass normalized average leach rate over the 
leaching interval, in which the expression on the right in Equation 5 corresponds to Equation 3 
divided by MS (g shipboard solid), the mass of the solid tested. Note that for all calculations of 
mass release using PCB concentration data, the calculated number is generally limited to two 
significant figures, a function of the reported sample analysis volume.   



For each solid, a series of batch leaching experiments were plotted as a function of absolute 
leaching time and used to evaluate the AvgLR behavior as a function of entire seawater exposure 
or overall/absolute leaching time. At the conclusion of the entire leaching experiment, defined as 
a complete series of batch leaching experiments, the PCB concentration was plotted versus 
absolute leaching time, reconstructing the ideal/classical experiment that the actual experiment 
was designed to simulate. This type of plot corresponds to the classical experimental concentra-
tion behavior versus time curve corresponding to the ideal experiment described above, where a 
solid would have been placed in a constant large volume of seawater leachate. This constant 
volume is the sum of all incremental volumes to which the solid was exposed during the experi-
ment, and as an inherent benefit, this analytically validated experimental protocol used an 
incremental volume that avoided a saturation condition. The classical concentration versus  
time curves are referred to as cumulative concentration curves and were prepared by calculating 
concentration using Equation 6 and plotting (Ci) as a function of leaching (exposure) time. 



Equation 6 
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where Ci = PCB concentration for the ith data point in the cumulative concentration plot,  
Cj = PCB concentration for the jth incremental (batch) experiment, Vj = volume of artificial 
seawater for the jth incremental experiment, Vk = incremental volume of artificial seawater in the 
kth incremental experiment, and n = total number of incremental experiments in the test (total 
number of incremental solid seawater batch experiments, which is equal to the number of data 
points). 
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3.4. SHIPBOARD SOLID-SPECIFIC LEACHING DATA 



The following subsections contain data and results for each leaching experiment, including 
plots of cumulative PCB concentration in the total exposure volume versus leaching time (using 
Equation 6 to represent the classical experimental leaching curve) and the average PCB leach 
rates plotted versus absolute leaching time.  



All cumulative concentration and average leach rate plots are presented according to level  
of chlorination (homolog groups), resulting in up to 10 plots per shipboard solid, depending  
on the target homologs detected during a given experiment. Detecting a target homolog group 
and failing to detect a target congener within that group was entirely possible because analyzing 
all congeners within the homolog groups was impractical. However, because a homolog group  
is the empirical quantitation of all congeners within that chlorination level, non-target congeners 
still contribute to the homolog group value, even if target congeners were not detected. In  
the following figures, only the homolog groups detected during each solid leaching experiment  
are plotted, along with the corresponding target congeners detected in each homolog group. 
Homologs and target congeners not detected during the leaching experiment are not plotted,  
but appear as a placeholder in the legend to indicate that it was not detected (See Table 4 and 
Table 5 of Section 2 for reference while viewing the plots.)  



For the concentration versus time plots, the slope of a line drawn between any two adjacent 
points on a curve is proportional to the AvgLR between those points, which can be calculated 
using Equation 5. Cumulative concentration curves that continue to increase reflect a leach rate 
greater than zero and continued leaching with time, while truly horizontal portions of curves 
correspond to a leach rate of zero, indicating a leaching cessation for that particular analyte.  
In some cases, curves exhibit a mixture of these behaviors, where leaching stops and then begins 
again, sometimes more than once, as indicated by increasing and horizontal curve regions (slopes 
> 0, then = 0, then > 0 again, etc.). While the cumulative concentration plots provide qualitative 
snapshot of leaching behaviors, AvgLR plots are much better for quantitatively evaluating  
the leach rate behavior.  



PCB distributions describe the temporal variability (what PCBs are released from the solids  
at different leaching times) and are calculated and plotted as mass percent of total in each  of the 
Aroclor® dissolution and shipboard solid-specific leaching behavior sections. Within each 
section, homolog and congener distributions associated with the solid are first compared with the 
distributions associated with the total PCB released into the seawater leachate. Additionally, the 
results for four unique leachate samples (resulting in four sets of homolog and corresponding 
congener distributions) are presented across each entire leaching experiment, i.e., a series of 
batch leaching experiments for a solid as described above for the total leaching time. The first 
leachate PCB distribution presented for each tested material corresponds to the maximum 
observed rate and the final distribution corresponds to the final empirical rate (at the end  
of the entire experiment). Between these two endpoints, two intermediate distributions are shown 
to illustrate where dramatic changes occurred, relating to analyte-specific changes in material-
specific leaching behaviors. Generally, we  chose to include the broadest or narrowest distribu-
tion and the most distinct change in distribution and/or relative magnitude observed during the 
experiment.  



The lower empirical limit of the leach rate range is bounded by results obtained for a negative 
control, procedural method blank leaching experiments that do not contain PCBs. These negative 
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controls were tested under conditions identical to shipboard solid leaching conditions, but with  
a cage only (without a shipboard solid sample matrix). Results from all negative controls 
analyzed during the leaching experiments are included in the Leaching Procedural Blank Data 
section of Appendix C.  



The upper limit for any experimental leach rate for a shipboard solid is approximated  
by a positive analytical control curve corresponding to neat Aroclor® dissolution experiments. 
These are included for comparison with shipboard solid leaching results to provide a measure  
of the effective saturation limit in the experiments and as a reference point for the dissolution 
component of shipboard solid leach rate.  



Representative solid analyses indicated that the following shipboard solids contain Aroclor® 
1254 (A1254), but not Aroclor® 1268 (A1268): black rubber pipe hanger liner (BRPHL), 
electrical cable (EC), and foam rubber/Ensolite® (FRE). In the cumulative concentration plots 
and AvgLR plots, these data are related to the A1254 positive analytical control curves for 
maximum comparability. The remaining solids are presented in the context of the A1268 positive 
analytical control curves, as their representative solid analyses contained A1268, in some cases, 
with A1254: Bulkhead Insulation (BHI), Felt Gasket-Inner (FGI), Felt Gasket-Outer (FGO), and 
Aluminized Paint (AP).  



3.4.1. Aroclor® 1254 (A1254) Analytical Control Dissolution Behavior 



Concentration behaviors are plotted for neat A1254 leached at 25°C and ~1 bar as a function 
of seawater leaching time (exposure time). Homolog groups Cl1 through Cl7 were leached from 
A1254, and Figure 14a includes these homolog concentration curves (lower curves). Each point 
on the tPCB concentration curve (upper curve) is calculated as the sum of the homolog concen-
trations below it. Each homolog group is plotted as the upper curve in subsequent plots in Figure 
14b–h. Curves for the target congeners detected in each homolog group are plotted with each 
corresponding homolog curve. As the tPCB curve shows, the long-term empirical upper limit 
approaches 10 ppb (10,000 ng/L) over the nearly 450-day experiment for 21.1 mg of A1254  
in a 13.89 L total leachate exposure volume.  



 











 



 
 



52



0 50 100 150 200 250 300 350 400 450 500
0.1



1



10



100



1000



10000



100000



a.  tPCBs
 Cl1
 Cl2
 Cl3
 Cl4
 Cl5
 Cl6
 Cl7
 ND
 ND
 ND



 Leaching Time (days)



 



 



[P
C



B]
 (n



g/
L)



 



0 50 100 150 200 250 300 350 400 450 500
0.1



1



10



100



1000



b.  Cl1



 Leaching Time (days)



 



 



[P
C



B]
 (n



g/
L)



 











 



 
 



53



0 50 100 150 200 250 300 350 400 450 500
0.1



1



10



100



1000



c.  Cl2
 PCB8



 Leaching Time (days)



 



 



[P
C



B
] (



ng
/L



)



 



0 50 100 150 200 250 300 350 400 450 500
0.1



1



10



100



1000



d.  Cl3
 PCB18
 PCB28



 Leaching Time (days)



 



 



[P
C



B
] (



ng
/L



)



 











 



 
 



54



0 50 100 150 200 250 300 350 400 450 500
0.01



0.1



1



10



100



1000



10000



e.  Cl4
 PCB44
 PCB49
 PCB52
 PCB66
 PCB77



 Leaching Time (days)



 



 



[P
C



B
] (



ng
/L



)



 



0 50 100 150 200 250 300 350 400 450 500
0.01



0.1



1



10



100



1000



10000



f.  Cl5
 PCB87
 PCB101
 PCB105
 PCB114
 PCB118
 PCB123
 ND



 Leaching Time (days)



 



 



[P
C



B
] (



ng
/L



)



 











 



 
 



55



0 50 100 150 200 250 300 350 400 450 500
0.01



0.1



1



10



100



1000



g.  Cl6
 PCB128
 PCB138
 PCB153
 PCB156
 PCB157
 PCB167
 ND



 Leaching Time (days)



 



 



[P
C



B
] (



ng
/L



)



 



0 50 100 150 200 250 300 350 400 450 500
0.01



0.1



1



10



100



1000



h.  Cl7
 ND
 PCB180
 ND
 ND
 ND
 ND



 Leaching Time (days)



 



 



[P
C



B
] (



ng
/L



)



 
Figure 14(a–h). Experimental PCB concentration versus exposure time for 21.1 mg of neat Aroclor® 1254 
exposed to a total volume of 13.13 L of seawater leachate. Plot (a) shows tPCBs concentration and 
contributing homolog group concentrations versus exposure time, where the sum of the homolog curves 
is equal to the upper tPCB curve. Plots (b–h) are homolog group concentrations and corresponding target 
congener concentrations within homolog groups Cl1 through Cl7 versus time. 
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Figure 15 shows the total released homolog and congener distributions or distributions, and 
compares these released PCB distributions to the initial PCB distributions determined for neat 
A1254. All detected homologs and congeners are normalized and plotted as percent of total 
PCBs in each matrix (seawater versus “solid”), even though in many instances the percent 
contribution to total PCB level was <0.1% of the total amount of PCBs. These levels of homo-
logs and congeners in “solids” can be significant if they release into seawater, as reflected  
in many seawater PCB distributions. The highest levels of release were from homolog groups 
Cl1 through Cl6.  



PCB distributions, normalized as percent of total, for specific A1254 seawater samples  
are presented below at key intervals across the entire experiment (exposure time). Figure 16 
homolog group distributions correspond to (a) the maximum dissolution rate, (b) the broadest 
congener and homolog distributions, (c) a decrease in pentachlorobiphenyl with a concurrent 
increase in tetrachlorobiphenyl homolog groups (primary homolog group inversion), and  
(d) the final empirical dissolution rate. The respective target congener distributions in these 
samples are depicted in Figure 17(a–d). 



In an effort to establish an effective saturation limit as an upper bound for A1254 PCB 
analytes leaching from shipboard solids that contain A1254, the most concentrated leachate 
sample in the experimental series for Aroclor® 1254 was evaluated (analytical concentration data 
are included in Appendix C.) This leachate sample (212-147-AS-T36) occurred for the leaching 
interval from 188 to 230 days (significantly less than the longest time-interval in the experi-
ment), with a tPCB concentration of 16051 pptr (ng/L), and contributions from homolog groups 
Cl1 through Cl7. However, upon closer inspection, only the Cl4 through Cl7 homolog concen-
trations in this sample (5,900, 8,300, 1,200, and 69 pptr respectively) corresponded to maximum 
homolog concentrations observed in all A1254 leachate samples collected. As one would expect, 
based solely on solubility considerations, lower molecular weight species were released at higher 
levels earlier in the dissolution process; homologs Cl2 and Cl3 exhibited concentration maxima 
(330 pptr each) much earlier in the leaching experiment at 111 days, while the Cl1 maximum 
concentration occurred at 21 days (100 pptr). Homolog groups Cl8 through Cl10 were never 
detected in any leachate samples across the entire experiment and cannot contribute to the 
solubility estimate. The effective A1254 saturation limit is estimated as the sum of all observed 
maximum homolog group concentrations (16,200 pptr) and assumes that the solubility of any 
given homolog group is not significantly perturbed (suppressed) by the presence of other 
dissolved homolog groups at their maximum observed concentrations. The actual solubility  
for such a complex mixture is probably time-dependent, but should still lay above the highest 
concentration observed here experimentally (16,051 pptr = 0.016051 ppm). In comparison, 
solubilities reported in the literature and compiled by Mackay, Shiu, and Ma (1992) for A1254 in 
freshwater is in the range of 0.01 to 0.3 mg/L (ppm), providing a reasonable assurance that we  
are below saturation across the A1254 experiment, except perhaps in this particular sample. 
However, on a homolog basis, if one takes homolog solubilities also reported in Mackay, Shiu, 
and Ma (1992) and applies these to the homolog quantities observed in the neat A1254 control  
in this study, the estimated solubility range is 0.0032 to 0.0182 mg/L (ppm), much lower than  
the literature-reported empirical A1254 range above, by a factor of 3 to 16. 











 



 
 



57



Cl1Cl2
PCB8Cl3



PCB18



PCB28Cl4



PCB44



PCB49



PCB52



PCB66



PCB77Cl5



PCB87



PCB10
1



PCB10
5



PCB11
4



PCB11
8



PCB12
3



PCB12
6Cl6



PCB12
8



PCB13
8



PCB15
3



PCB15
6



PCB15
7



PCB16
7



PCB16
9Cl7



PCB17
0



PCB18
0



PCB18
3



PCB18
4



PCB18
7



PCB18
9Cl8



PCB19
5Cl9



PCB20
6
Cl10



0.1



50.0



Pe
rc



en
t o



f T
ot



al
 in



 S
ol



id
 v



s.
 L



ea
ch



at
e



Analyte



0.1



50.0



 



0.1



25.0



 



0.1



25.0



a. Total Homologue Distribution in Solid



b. Total Homologue Distribution in Leachate



d. Total Congener Distribution in Leachate



c. Total Congener Distribution in Solid



 



 
Figure 15(a–d). Experimental homolog and congener PCB distributions for neat Aroclor® 1254 “solid”  
(a and c) compared with total homolog and congener distributions of PCBs released from A1254 into 
seawater (b and d). The latter distributions correspond to all PCBs released, also represented by the 
cumulative concentration endpoint for all analytes plotted in Figure 14. The solid distributions correspond 
to the pre-dissolution PCB content in the neat-solid A1254, derived from the mass balance performed at 
the conclusion of the experiment. Analytes present below 0.1% are indicated using an offset linear scale. 
Variances at these very low sub-percentage levels are not visible on the scale shown here, but are 
included in the mass balance tables in Appendix C.   
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Figure 16(a–d). Homolog distributions during the neat Aroclor® 1254 experiment, normalized as percent  
of total, corresponding to intervals: (a) 62 to 69 days, (b) 188 to 230 days, (c) 230 to 286 days, (d) 370  
to 433 days. 
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Figure 17(a–d). Congener distributions during the neat Aroclor® 1254 experiment, normalized as percent 
of total, corresponding to different intervals: (a) 62 to 69 days, (b) 188 to 230 days, (c) 230 to 286 days, 
(d) 370 to 433 days. 
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The concentration maxima of target congeners, if detected within each of these homolog 
groups, occurred in the same leachate samples as their corresponding homolog group maxima 
with the following exceptions: Cl2/PCB8 140 pptr (at 42 and 111 days), Cl4/PCB77 1.4 pptr (at 
62 days, only detection), and Cl5/PCB123 (at 286 days, only detection). These exceptions 
indicate that solubility of individual congeners in seawater leachate may not be the only factor 
contributing to the dissolution, i.e., insoluble PCBs in the Aroclor® matrix may be retarding the 
fundamental congener solvation. Note that in some cases the occurrence of different maxima in 
different (sequential) leachate samples over time is possibly related to uncertainty in the 
analytical data rather than other factors contributing to the leaching mechanism, particularly  
for concentrations that are very similar to the apparent maximum. For example, the concentra-
tions for PCB8 for day-17, day-43, day-62, day-69, day-111, day-146, and day-188 are 120 ng/L,  
140 ng/L, 130 ng/L, 63 ng/L, 140 ng/L, 120 ng/L, 110 ng/L respectively (Appendix C). All of 
these concentrations, except for the 63 ng/L value, are within expected analytical precision of 
each other. The Standard Deviation (RSD) for the six similar values is 10%, while the RSD for  
the first six corresponding PCB8 blank spike sample results and PCB 8 BSD sample results is 
13% and 15% respectively. Similar concentrations are also observed for the Cl2 group in all six 
of these samples; the RSD is 25%, for which the concentration could have contributions from  
as many as 12 congeners. Clearly, the variability in PCB8 leachate sample results for these six 
leaching time periods is comparable to that from analysis of standard materials, and if one 
assumes that all of the contributing dichloro-congeners in the Cl2 homolog group behave 
similarly, then a Cl2 group analysis of standard materials would yield results similar to that 
observed for PCB8 in the BS and BSD samples. In some cases, simply for analytical reasons, 
determining the exact maximum concentration for all analytes in these empirical studies may not 
be possible, but we can determine the range. 



Finally, if one considers that the maximum concentration observed was 16,051 pptr (meaning 
all other A1254 leachate concentrations lie below this value), the effective A1254 saturation 
limit was estimated at 16,200 pptr, and the concentration in the total experimental leaching 
volume was 6797 pptr (as indicated by the final concentration value in Figure 14a and in the 
cumulative concentration table in Appendix D, Aroclor® 1254 (A1254) Results), then the 
observed dissolution behavior must indeed be limited by the neat Aroclor® 1254 solid matrix 
itself. If this Aroclor® solid could have released more PCBs, then it would have been reflected  
in an increased cumulative leachate concentration, at least up to the value experimentally shown 
as possible in a leaching sample, i.e., 16,051 pptr, and likely up to the estimated saturation limit 
of 16,200 pptr. These combined observations demonstrate that this leaching experiment defines 
an upper limit for Aroclor® 1254 PCB release from the most closely related solid matrix possible, 
itself, in the form of a mixture of solid PCBs.  



3.4.2. Black Rubber Pipe Hanger Liner (BRPHL) Leaching Behavior 



Leaching concentration behaviors for BRPHL leached at 25°C and ~1 bar are plotted for 
tPCBs and homolog groups Cl1 through Cl5 and Cl7 (Figure 18a). Plots for homolog groups  
and target congeners within each homolog group are shown in Figure 18(b–g). The BRPHL 
subsample (2.911 g) containing 4.7 mg (0.16 wt%) tPCB was exposed over a leaching time  
of nearly 500 days to a total leachate volume of 14.82 L.  
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Figure 18(a–g). Experimental PCB concentration versus leaching time for BRPHL containing 0.16 wt% 
(4.7 mg) tPCBs exposed to a total volume of 14.82 L of seawater leachate. Plot (a) shows tPCBs 
concentration and contributing homolog group concentration versus leaching time, where the sum of the 
homolog curves is equal to the upper tPCB curve. Plots (b–g) are homolog group concentrations and 
corresponding target congener concentrations within homolog groups Cl1 through Cl5, and Cl7 versus 
leaching time. 



Figure 19 shows total released homolog and congener distributions or distributions compared 
with the initial PCB distributions determined for BRPHL solid. All homologs and congeners 
detected are normalized and plotted as percent of measured tPCBs in each matrix (leachate 
versus solid). In many instances, the percent contribution of an analyte to tPCBs was <0.1%, 
which can still be significant if it leaches into seawater, as shown in the leachate PCB distribu-
tions. The highest levels of release from BRPHL were from homolog groups Cl1 through Cl5 
and Cl7.  



Fingerprints for specific BRPHL leachate samples are plotted at key intervals across the entire 
leaching experiment (exposure time). Figure 20 corresponds to the homolog groups in samples  
at (a) the maximum leach rate, (b) the narrowest homolog distribution, (c) a “typical” homolog 
distribution, and (d) the final empirical leach rate. The respective target congener distributions  
in these samples are shown in Figure 21(a–d). 
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Figure 19(a–d). Experimental homolog and congener PCB distributions for BRPHL solid (a and c) 
compared with total homolog and congener distributions of PCBs leached from BRPHL into seawater (b 
and d). The leachate distributions are derived from all PCBs released, also depicted as the cumulative 
leachate concentration endpoint for detected analytes in Figure 18. The solid distributions correspond to 
the pre-leaching PCB content in BRPHL solid, derived from the mass balance performed for the leaching 
experiment. Analytes at levels below 0.1% are plotted using an offset linear scale to indicate their 
presence. Variances at these very low sub-percentage levels are not visible on the scale shown here, but 
are in the mass balance tables in Appendix C.   
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Figure 20(a–d). Homolog distributions during the BRPHL leaching experiment, normalized as percent of 
total, corresponding to leaching intervals: (a) 7 to 14 days, (b) 49 to 69 days, (c) 230 to 286 days, (d) 398 
to 475 days. 
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Figure 21(a–d). Congener distributions during the BRPHL leaching experiment, normalized as percent of 
total, corresponding to leaching intervals: (a) 7 to 14 days, (b) 49 to 69 days, (c) 230 to 286 days, (d) 398 
to 475 days. 
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3.4.3. Electrical Cable (EC) Leaching Behavior 



Leaching concentration behaviors for EC leached at 25°C and ~1 bar includes contributions 
from homologs Cl2 through Cl7, Cl9, and Cl10 as shown in Figure 22(a). Each of these homolog 
groups and contributions from target congeners are plotted in Figure 22(b–i). The total exposure 
volume of seawater leachate was 14.49 L for EC (26.5474 g) containing 32.1 mg tPCBs (0.12 
wt%). Note also significant attenuation exists for many homologue groups that initially released 
(horizontal line behavior), and most homolog groups were detected over the nearly 500-day 
leaching experiment. 
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Figure 22(a–i). Experimental PCB concentration versus leaching time for EC containing 0.21 wt%  
(32.1 mg) tPCBs exposed to a total volume of 14.49 L of seawater leachate. Plot (a) shows the tPCBs 
concentration and contributing homolog group concentrations versus leaching time for EC, where the sum 
of the homolog curves is equal to the upper tPCB curve. Plots (b–i) are homolog group concentrations 
and corresponding target congener concentrations within homolog groups Cl2 through Cl7, Cl9, and Cl10 
versus leaching time. 
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Total released homolog and congener distributions or distributions are compared with the 
initial PCB distributions determined for EC solid in Figure 23. All detected homologs and 
congeners are normalized and plotted as percent of measured tPCBs in each matrix (leachate 
versus solid). In many instances, the percent contribution of tPCBs was <0.1%, which can still  
be significant if they leach into seawater, as shown in the leachate PCB distributions. The highest 
levels of release from EC solid were from homolog groups Cl2 and Cl4 through Cl7. 
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Figure 23(a–d). Experimental homolog and congener PCB distributions for EC solid (a and c) compared 
with total homolog and congener distributions of PCBs leached from EC into seawater (b and d). Leach-
ate distributions are derived from all PCBs released, which also corresponds to the cumulative leachate 
concentration endpoint for analytes plotted in Figure 22. Solid distributions correspond to the initial PCB 
content in EC solid, from the leaching experiment mass balance performed at the end of the leaching 
experiment. An offset linear scale is used to indicate analyte levels present below 0.1%. Though not 
visible on the scale shown here, the degree of variance at these very low sub-percentage levels can  
be seen in the mass balance tables in Appendix C. 
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Normalized distributions for specific EC leachate samples are presented below at key intervals 
across the entire leaching experiment (exposure time). Figure 24 shows the homolog group 
distributions corresponding to (a) the initially observed and also maximum observed leach rate, 
(b) the final appearance of dichlorobiphenyl and heptachlorobiphenyl groups, (c) the broadest 
homolog and congener distributions observed, and (d) the final empirical leach rate. The respec-
tive target congener distributions are shown in Figure 25(a–d). 
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Figure 24(a–d). Homolog distributions during the EC leaching experiment, normalized as percent of total, 
corresponding to leaching intervals: (a) 1 to 6 days, (b) 62 to 90 days, (c) 90 to 125 days, (d) 412 to 475 
days. 



 











 



 
 



75



 



PCB8



PCB18



PCB28



PCB44



PCB49



PCB52



PCB66



PCB77



PCB87



PCB10
1



PCB10
5



PCB11
4



PCB11
8



PCB12
3



PCB12
6



PCB12
8



PCB13
8



PCB15
3



PCB15
6



PCB15
7



PCB16
7



PCB16
9



PCB17
0



PCB18
0



PCB18
3



PCB18
4



PCB18
7



PCB18
9



PCB19
5



PCB20
6



PCB20
9



PC
B 



C
on



ge
ne



r C
on



ce
nt



ra
tio



n 
N



or
m



al
iz



ed
 to



 tP
C



Bs
 (S



ca
le



 =
 0



-2
0%



)



 



Target Congener (BZ#)



 



 



 



 



 



a.



b.



d.



c.



 



 
Figure 25(a–d). Congener distributions during the EC leaching experiment, normalized as percent of total, 
corresponding to leaching intervals: (a) 1 to 6 days, (b) 62 to 90 days, (c) 90 to 125 days, (d) 412  
to days. 
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3.4.4. Foam Rubber/Ensolite® (FRE) Leaching Behavior 



Figure 26(a) includes contributions from homologs Cl2 through Cl7 to the tPCB concentration 
behavior for FRE leached at 25°C and ~1 bar. The FRE solid (2.608 g) contained 23.2 mg tPCBs 
(0.89 wt%) and was exposed to a total volume of 13.86 L of seawater leachate over the leaching 
period of nearly 500 days. Target PCB congener concentration curves that contribute to each of 
these homolog group behaviors are shown in Figure 26(b–g).  
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Figure 26(a–g). Experimental PCB concentration versus leaching time for FRE containing 0.89 wt%  
(23.2 mg) tPCBs exposed to a total volume of 13.86 L of seawater leachate. Plot (a) shows the tPCBs 
concentration and contributing homolog group concentrations versus leaching time, where the sum of the 
homolog curves is equal to the upper tPCB curve. Plots (b–g) are homolog group concentrations and 
corresponding target congener concentrations within homolog groups Cl2 through Cl7 versus leaching 
time. 
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Figure 27 shows total released homolog and congener distributions or distributions compared 
with the initial PCB distributions determined for FRE solid. Detected homologs and congeners 
are normalized and plotted as percent of measured tPCBs in each matrix (leachate versus solid). 
In many instances, the percent contribution of an analyte to tPCBs was <0.1%, which can still be 
significant if those analytes leach into seawater, as shown in the leachate PCB distributions. The 
highest levels of release from BRPHL were from homolog groups Cl2 through Cl7. 
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Figure 27(a–d). Experimental homolog and congener PCB distributions for FRE solid (a and c) compared 
with total homolog and congener distributions of PCBs leached from FRE into seawater (b and d). The 
leachate distributions correspond to all PCBs released over the leaching experiment, also represented by 
the cumulative leachate concentration endpoint for analytes plotted in Figure 26. The solid distributions 
correspond to the pre-leaching PCB content in FRE solid, determined from the leaching experiment mass 
balance. Analytes at levels below 0.1% are shown on an offset linear scale to indicate their presence, but 
the degree of variance is not visible on the scale shown here. Variance at these very low sub-percentage 
levels can be seen in the mass balance tables in Appendix C. 
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Normalized distributions corresponding to specific FRE leachate samples are presented below 
at key intervals across the entire leaching experiment (exposure time). Figure 28 corresponds  
to the homolog group distributions at (a) the maximum leach rate and broadest homolog distribu-
tion, (b) and (c) “typical” homolog and congener distributions, and (d) the final empirical leach 
rate, also the minimum observed distribution. The corresponding target congener distributions 
are shown in Figure 29(a–d). 
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Figure 28(a–d). Homolog distributions during the FRE leaching experiment, normalized as percent of 
total, for leaching intervals: (a) 7 to 21 days, (b) 147 to 189 days, (c) 189 to 273 days, (d) 399 to 469 
days. 
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Figure 29(a–d). Congener distributions during the FRE leaching experiment, normalized as percent of 
total, for leaching intervals: (a) 7 to 21 days, (b) 147 to 189 days, (c) 189 to 273 days, (d) 399 to  
469 days. 



3.4.5. Aroclor® 1268 (A1268) Analytical Control Dissolution Behavior 



The 25°C/~1 bar results for this positive analytical control, 20.2 mg exposed to a total  
of 9.77 L of seawater over the nearly 400-day experiment, is shown in Figure 30(a), and includes 
contributions to the tPCB concentration from homolog groups Cl1 through Cl9. These homologs  
are plotted with their corresponding target congeners in Figure 30(b–j). Note that the slopes  
of these curves increase sharply and become smaller with time very quickly as compared  
with the A1254 control curves in Figure 14.  
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Figure 30(a–j). Experimental PCB concentration versus exposure time for 20.2 mg of A1268 in a total 
volume of 9.77 L of seawater. Plot (a) shows experimental tPCBs concentration and contributing homolog 
group concentrations versus time, where the sum of the homolog curves is equal to the upper tPCB 
curve. Plots (b–j) are homolog group concentrations and target congener concentrations within homolog 
groups Cl1 through Cl9 versus time. 
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Figure 31 shows total released homolog and congener distributions compared with the initial 
PCB distributions determined for neat A1268 “solid.” All homologs and congeners detected  
are normalized and plotted as percent of measured tPCBs in each matrix (seawater versus solid). 
In many instances, the percent contribution of an analyte to tPCBs was <0.1%, which can still  
be significant if the analyte dissolves into seawater, as shown in the seawater PCB distributions. 
The highest levels of release from neat A1268 were from homolog groups Cl2 through Cl5  
and Cl7. 
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Figure 31(a–d). Experimental homolog and congener PCB distributions for neat A1268 solid (a and c) 
compared with total homolog and congener distributions of PCBs released from neat A1268 into seawater 
(b and d). Seawater distributions correspond to all PCBs released from A1268 during the experiment and 
also to the cumulative concentration endpoint for analytes plotted in Figure 30. Solid distributions 
correspond to the initial pre-exposure PCB content in A1268 solid, determined from the experiment mass 
balance. Some analytes contribute to tPCBs at levels below 0.1% and are plotted using an offset linear 
scale. This scale is useful to indicate their presence; however, the degree of variance at these very low 
sub-percentage levels is not visible on the scale shown here. These experimental variances can be seen 
in the mass balance tables included in Appendix C. 
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Fingerprints for specific A1268 seawater samples are included at key intervals across the 
entire experiment (exposure time). Figure 32 shows homolog groups corresponding to (a) the 
maximum observed dissolution rate and narrowest distribution of congeners and homologs,  
(b) the observed increase in tetrachlorobiphenyl and decrease in dichlorobiphenyl homolog 
contributions, (c) the broadest homolog and congener distributions, and (d) the final empirical 
dissolution rate. The corresponding target congener distributions are shown in Figure 33(a–d). 
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Figure 32(a–d). Homolog distributions during the A1268 dissolution experiment, normalized as percent of 
total, for exposure intervals: (a) 1 to 6 days, (b) 20 to 41 days, (c) 111 to 189 days, (d) 322 to 371 days. 
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Figure 33(a–d). Congener distributions during the A1268 dissolution experiment, normalized as percent of 
total, for exposure intervals: (a) 1 to 6 days, (b) 20 to 41 days, (c) 111 to 189 days, (d) 322 to 371 days. 
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The most concentrated seawater sample observed in the Aroclor® 1268 dissolution series  
was evaluated in an effort to establish an effective saturation limit for A1268 PCB analytes 
leaching from solids that contain A1268 under these conditions. (Analytical concentration data 
are included in Appendix C.) This sample (214-59B-S1-T10) occurred over the interval  
20 to 41days, significantly less than the longest time-interval in the experiment, with a maximum 
tPCB concentration of 9118 pptr (ng/L), and contributions from homolog groups Cl2 through 
Cl7. However, this particular sample contained only the maxima for Cl3 and Cl4 homologs 
(4800 and 3500 pptr, respectively) across the entire A1268 experimental series. The maxima  
for Cl1 and Cl2 (33 and 1100 pptr, respectively) occurred in the leachate sample collected at  
6 days, while the maximum concentrations for Cl5 through Cl7 (350, 44, and 180 pptr respec-
tively) occurred in the leachate sample collected at 266 days. The Cl8 homolog maximum  
(10 pptr) occurred in the leachate sample at 111 days and then (an equivalent amount) again  
at 189 days. The maximum concentration for Cl9 (9.7 pptr) occurred in the first sample collected 
immediately after submersing the A1268 solid for the first time. Cl10 (PCB209) was never 
detected in any of the A1268 seawater samples. The effective A1268 saturation limit is estimated 
as the sum of all maximum homolog concentrations observed (10,000 pptr) and assumes that the 
solubility of any given homolog group would not be significantly affected (suppressed) by the 
presence of other dissolved homolog groups at their maximum observed concentrations. The true 
solubility for such a complex mixture is probably time-dependent, but as postulated for A1254, 
A1268, should exhibit a solubility value above the highest concentration observed (9118 pptr = 
0.009118 ppm). In the absence of solubility data for A1268, we can follow the same approach 
demonstrated for A1254 and estimate the solubility for Aroclor® 1268 from the homolog 
solubilities compiled by Mackay, Shiu , and Ma (1992). Applying the homolog distribution for 
A1268 in this study to these values, the solubility range is estimated as 0.00026 to 0.0015 mg/L 
(ppm). However, as demonstrated for A1254, the estimation based on homolog solubilities was 
severely underestimated relative to empirical observed solubilities. If we assume that this would 
also be the case for A1268, the adjusted range for A1268 becomes 0.001 to 0.025 mg/L, giving 
reasonable assurance that we are below saturation across the A1268 leaching experiment,  
except perhaps in this particular sample. Again, as for A1254, the solubility of A1268 should  
be suppressed slightly in seawater. 



The concentration maxima of target congeners, if detected within each of these homolog 
groups, deviated from their corresponding homolog group maxima as follows: Cl2/PCB8  
at 20 days; Cl3/PCB18 and 28 at 20 and 69 days respectively; Cl4/PCB44, 49, and 52 at 69 days; 
Cl5/PCB87, 101, 105, 114, and 118 at 189 days (PCBs 123 and 126 not detected); Cl6/PCB138 
and 153 at 189 and 111 days respectively (PCBs 128, 156, 157, 167, 169 not detected); and 
Cl7/PCBs 170, 183, 184, and 189 not detected. As with A1254, these exceptions indicate  
that solubility of PCBs in seawater leachate is not the only factor contributing to the leaching 
mechanism, i.e., insoluble PCBs in the Aroclor® matrix are probably retarding the solvation  
of other congeners. 



If one considers that the maximum concentration observed was 9118 pptr, as indicated above 
(all other leachate concentrations were below this value), an estimated A1268 PCB saturation 
limit of 10,000 pptr was calculated, and the concentration in the total experimental volume was 
4401 pptr (as indicated by the final concentration value in Figure 30a and in the cumulative 
concentration table in Appendix D, Aroclor® 1268 (A1268) Results), then the observed 
dissolution behavior must be limited by the neat Aroclor® 1268 solid matrix itself. If the 
Aroclor® could have released PCBs, then it would have been reflected as a cumulative leachate 











 



 
 



92



concentration increase, at least up to the value experimentally shown as possible in an experi-
mental A1268 seawater sample, i.e., 9118 pptr, and probably up to the estimated saturation limit 
of 10,000 pptr. All of these combined observations demonstrate that this neat Aroclor® 1268 
experiment is a valid upper limit dissolution behavior for A1268 PCB congeners leaching from 
solid matrices. This leaching occurs from the most closely related PCB solid matrix possible, 
neat Aroclor® 1268 itself, a mixture of PCBs. 



3.4.6. Bulkhead Insulation (BHI) Leaching Behavior 



Figure 34(a) shows the leaching concentration curves for BHI at 25°C/~1 bar for tPCBs  
and contributing homolog groups Cl2 through Cl7, which are separately plotted with target 
congeners in Figure 34(b–g). BHI (0.520 g), containing 0.23 mg (0.044 wt%) tPCBs, was 
exposed to a 15.71-L total volume of seawater leachate over a leaching time of nearly 500 days 
and exhibited the maximum leach rate curve for all shipboard solids tested. It also approached 
the leach rate for the positive control curve to within three orders of magnitude. The very 
open/porous nature of this solid, leading to a high surface area, combined with the likelihood  
that PCBs are primarily coating the inorganic nature of the solid surfaces (rather than PCBs 
incorporated into an organic/polymer matrix), probably results in greater PCB mobility, which 
would lead to an increase in observed PCB “leaching” similar to what was observed for neat 
Aroclor® PCB matrices in results presented in this study.  
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Figure 34(a–g). Experimental PCB concentration versus leaching time for BHI containing 0.23 mg  
(0.044 wt%) tPCBs exposed to a total volume of 15.71 L of seawater leachate. Plot (a) shows the tPCBs 
concentration and contributing homolog group concentrations versus leaching time, where the sum  
of the homolog curves is equal to the upper tPCB curve. Plots (b–g). are homolog group concentrations 
and target congener concentrations within homolog groups Cl2 through Cl7 versus leaching time. 
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Figure 35(a–d). Experimental homolog and congener PCB distributions for BHI solid (a and c) compared 
with total homolog and congener distributions of PCBs leached into seawater from BHI (b and d). The 
leachate distributions correspond to all released PCBs, which is also the cumulative leachate concentra-
tion endpoint for analytes presented in Figure 34. Solid distributions correspond to the initial PCB content 
in the BHI solid, determined using the mass balance performed at the conclusion of the leaching experi-
ment. Analytes present below 0.1% are indicated using an offset linear scale. However, variances  
at these very low sub-percentage levels are not visible on the scale shown here. The mass balance 
tables in Appendix C should be consulted for these experimental variance values. 
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Fingerprints for specific samples of BHI leachate are shown at key intervals across the entire 
leaching experiment (exposure time). Figure 36 homolog group distributions correspond  
to (a) the maximum leach rate, (b) the observed increase in tetrachlorobiphenyl and decrease  
in dichlorobiphenyl groups, (c) the broadest homolog and congener distributions, and (d) the 
final empirical leach rate, also corresponding to the narrowest homolog and congener distribu-
tions. The respective target congener distributions are illustrated in Figure 37(a–d). 
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Figure 35(a–d). Homolog distributions during the BHI leaching experiment, normalized as percent  
of total, corresponding to leaching intervals: (a) 14 to 21 days, (b) 69 to 83 days, (c) 118 to 167 days,  
(d) 398 to 454 days. 
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Figure 37(a–d). Congener distributions during the BHI leaching experiment, normalized as percent  
of total, corresponding to leaching intervals: (a) 14 to 21 days, (b) 69 to 83 days, (c) 118 to 167 days,  
(d) 398 to 454 days. 



3.4.7. Felt Gasket/Inner (FGI) Leaching Behavior 



PCB concentration behaviors for FGI (2.9609 g), containing 682.0 mg (23.0 wt%) tPCBs 
exposed to a total leaching volume of 13.85 L at 25oC/~1 bar for nearly 500 days are shown  
in Figure 38(a), for which all 10 homolog groups (Cl1 through Cl10) contributed to the tPCB 
concentration curve behavior as a function of leaching time. Each of the 10 homolog group 
curves is plotted with the corresponding target congeners in Figure 38(b–k). This sample  
was the only shipboard solid that exhibited some leaching of all possible homolog groups.  
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One might consider that this sample perhaps has the highest probability of leaching the largest 
number of different target congeners, but it does not. Rather, the bulkhead insulation achieved 
this distinction because the BHI sample probably contains both Aroclor® 1254 and Aroclor® 
1268, overlapping well with the target congener list, which is biased towards a larger number of 
more common lower chlorinated congeners found in environmental samples.  
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Figure 38(a–k). Experimental PCB concentration versus leaching time for FGI containing 682.0 mg  
(23.0 wt%) tPCBs exposed to a total volume of 13.85 L of seawater leachate. Plot (a) shows tPCBs 
concentration and contributing homolog group concentrations versus leaching time, where the sum  
of the homolog curves is equal to the upper tPCB curve. Plots (b–k) are homolog group concentrations 
and target congener concentrations within homolog groups Cl1 through Cl10 versus leaching time. 
 



Figure 39 shows total released homolog and congener distributions compared with the initial 
PCB distributions for FGI solid. All detected homologs and congeners are normalized and 
plotted as percent of measured tPCBs in each matrix (leachate versus solid). In many instances, 
the percent contribution of an analyte to tPCBs was <0.1%. Such a low level in the solid can still 
be significant if the analyte leaches into seawater, as shown in the leachate PCB distributions. 
The highest levels of release from FGI were from homolog groups Cl2 through Cl9. 



Normalized distributions for specific FGI leachate samples are presented below at key 
intervals across the entire leaching experiment (exposure time). Figure 40 homolog group 
distributions correspond to (a) the maximum leach rate, (b) the broadest homolog and congener 
distributions, (c) the first detection of monochlorobiphenyl, and (d) the final empirical leach rate, 
at which point the narrowest homolog and congener distributions were observed, concurrent with 
a significant reduction in the octachlorobiphenyl group. The corresponding target congeners are 
depicted in Figure 41(a–d), where (b) shows the first detection of decachlorobiphenyl, observed 
only twice during leaching in this experiment 
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Figure 39(a–d). Experimental homolog and congener PCB distributions for FGI solid (a and c) compared 
with total homolog and congener distributions of PCBs leached from FGI into seawater (b and d). The 
leachate distributions correspond to all PCBs released during the experiment and are derived from the 
cumulative leachate concentration endpoint analytes plotted in Figure 38. The solid distributions corres-
pond to the initial PCB content in FGI solid, determined from the leaching experiment mass balance 
performed at the conclusion of the experiment. An offset linear scale is used to plot analytes present  
at levels below 0.1%, but the degree of experimental variance at these very low sub-percentage levels  
is not visible on the scale shown here. This scale can be seen in the mass balance tables in Appendix C. 
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Figure 40(a–d). Homolog distributions during the FGI leaching experiment, normalized as percent of total, 
for leaching intervals: (a) 20 to 34 days, (b) 34 to 56 days, (c) 83 to 118 days, (d) 405 to 475 days. 
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Figure 41(a–d). Congener distributions during the FGI leaching experiment, normalized as percent of 
total, for leaching intervals: (a) 20 to 34 days, (b) 34 to 56 days, (c) 83 to 118 days, (d) 405 to 475 days. 
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3.4.8. Felt Gasket/Outer (FGO Leaching Behavior 



The leaching concentration behavior for FGO (0.955 g), containing 112.1 mg (11.7 wt%) 
tPCBs, leached at 25°C/~1 bar for nearly 500 days, and exposed to 13.86-L total seawater 
volume is shown in Figure 42(a) for tPCB and detected homologs Cl1 through Cl8. These 
homolog curves are plotted in Figure 42(b–i) with the corresponding detected target congeners 
within each homolog group. This sample also exhibited an Aroclor® 1268 distribution and was 
associated with the same flange, i.e., was physically a part of the same felt gasket as the FGI 
sample. However, it was smaller, painted, and probably contained less Aroclor 1268 character. 
These were considered significant enough differences compared with FGI to expect it to exhibit 
a unique leaching behavior.  
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Figure 42(a–i). Experimental PCB concentration versus leaching time for FGO containing 112.1 mg  
(11.7 wt%) tPCBs exposed to a total volume of 13.86 L of seawater leachate. Plot (a) shows the tPCBs 
concentration and contributing homolog group concentrations versus leaching time, where the sum  
of the homolog curves is equal to the upper tPCB curve. Plots (b–i) are homolog group concentrations 
and target congener concentrations within homolog groups Cl1 through Cl8 versus leaching time. 
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Figure 43 shows total released homolog and congener distributions compared with the initial 
PCB distributions determined for FGO solid. All detected homologs and congeners are normal-
ized and plotted as percent of measured tPCBs in each matrix (leachate versus solid). In many 
instances, the percent contribution of an analyte to tPCBs was <0.1%; however, this content level 
in the solid can still be significant if the analyte leaches into seawater, as shown in the leachate 
PCB distributions. The highest levels of release from FGO were from homolog groups Cl2 
through Cl9. 
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Figure 43(a–d). Experimental homolog and congener PCB distributions for FGO solid (a and c) compared 
with total homolog and congener distributions of PCBs leached from FGO into seawater (b and d). 
Leachate distributions are derived from the cumulative leachate concentration endpoint for analytes 
plotted in Figure 42 and correspond to all PCBs released during the leaching experiment. The solid 
distributions correspond to the initial pre-leaching PCB content in FGO solid, derived from the leaching 
experiment mass balance performed at the experiment conclusion. Analytes present at levels below 0.1% 
are plotted using an offset linear scale to indicate the presence of the analyte, but experimental variances 
are not visible on the scale shown. The experimental values that show the degree of variance at these 
very low sub-percentage levels can be found in the mass balance tables in Appendix C. 
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Specific leachate distributions are included below at key intervals across the entire FGO 
leaching experiment (exposure time). Figure 44 homolog group distributions correspond  
to (a) the maximum leach rate; (b) the broadest homolog and congener distributions observed, 
characterized by intermittent appearance of the hexachlorobiphenyl group and a single detection 
of the monochlorobiphenyl homolog; (c) the narrowest homolog distribution, characterized by a 
decrease in pentachlorbiphenyl and octachlorbiphenyl group contributions; and (d) the final 
empirical leach rate. The respective target congener distributions are shown in Figure 45(a–d), 
where (b) illustrates the last detections for PCB 87 and PCB 118 over the leaching experiment. 
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Figure 44(a–d). Homolog distributions during the FGO leaching experiment, normalized as percent of 
total, corresponding to leaching intervals: (a) 42 to 69 days, (b) 69 to 111 days, (c) 230 to 265 days,  
(d) 377 to 454 days. 
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Figure 45(a–d). Congener distributions during the FGO leaching experiment, normalized as percent  
of total, corresponding to leaching intervals: (a) 42 to 69 days, (b) 69 to 111 days, (c) 230 to 265 days,  
(d) 377 to 454 days. 



3.4.9. Aluminized Paint (AP) Leaching Behavior 



The leaching behavior for the AP subsample (1.223 g), containing 0.52 mg (0.043 wt%)  
at 25°C/~1 bar for nearly 500 days and exposed to a total volume of 13.89 L of seawater leachate 
is shown in Figure 46(a) for tPCBs and detected homologs Cl3 through Cl7. Each of these 
homolog curves is again plotted with corresponding target congeners in Figure 46(b–f). This 
sample leached the least number of different homolog groups out of all leached solids, but this 
does not necessarily translate into a lower leach rate overall. The leach rate is dependent upon 
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the change in concentration over a change in time, not the simply the diversity of PCB congeners 
or homologs that leach out over time (see Subsection 4.1). 
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Figure 46(a–f). Experimental PCB concentration versus leaching time for AP containing 0.52 mg  
(0.043 wt%) tPCBs exposed to a total volume of 13.89 L of seawater leachate, Plot (a) shows tPCBs 
concentration and contributing homolog group concentrations versus leaching time, where the sum  
of the homolog curves is equal to the upper tPCB curve. Plots (b–f) are homolog group concentrations 
and target congener concentrations within homolog groups Cl3 through Cl7 versus leaching time. 
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Figure 47 shows total released homolog and congener distributions compared with the initial 
PCB distributions for AP solid. The detected homologs and congeners are normalized and 
plotted as percent of measured tPCBs in each matrix (leachate versus solid). In both matrices,  
the percent contribution of some analytes to tPCBs was <0.1%. Such a low level in the solid  
can still be significant if the analyte leaches into seawater, as shown in the leachate PCB distri-
butions. The highest levels of release from AP were from homolog groups Cl3 through Cl7. 
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Figure 47(a–d). Experimental homolog and congener PCB distributions for AP solid (a and c) compared 
with total homolog and congener distributions of PCBs leached from AP into seawater (b and d). The 
leachate distributions correspond to all PCBs released over the entire experiment and are derived from 
the cumulative leachate concentration endpoint for analytes plotted in Figure 46. Solid distributions 
correspond to the initial PCB content in AP solid, derived from the post-leaching mass balance performed 
at the end of the experiment. Analytes present at levels below 0.1% are plotted on an offset linear scale 
to indicate their presence, but this scale is not conducive to observing the degree of experimental 
variance at these very low sub-percentage levels. The experimental values showing the experimental 
variance can be found in the mass balance tables in Appendix C. 
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Normalized distributions are shown for specific AP leachate samples at key intervals across 
the entire leaching experiment (exposure time). Figure 48 homolog group distributions corres-
pond to (a) the maximum leach rate, broadest homolog and congener distributions, and a single 
detection of the trichlorobiphenyl group, (b) the final detection of the hexachlorobiphenyl group, 
(c) increase of the tetrachlorobiphenyl group with a concurrent decrease in pentachlorobiphenyl 
group, and (d) the final empirical leach rate, characterized by the narrowest homolog and 
congener distributions (entirely tetrachlorobiphenyl). The corresponding target congener 
distributions are depicted in Figure 49(a–d), where (a) illustrates the single detection of PCB 28 
and the final detection of PCB 184 in the leaching experiment. 
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Figure 48(a–d). Homolog distributions during the AP leaching experiment, normalized as percent of total, 
for leaching intervals: (a) 7 to 21 days, (b) 147 to 189 days, (c) 273 to 315 days, (d) 399 to 469 days. 
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Figure 49(a–d). Congener distributions during the AP leaching experiment, normalized as percent of total, 
for leaching intervals: (a) 7 to 21 days, (b) 147 to 189 days, (c) 273 to 315 days, (d) 399 to 469 days. 
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4. RESULTS AND DISCUSSION 



4.1. AVERAGE LEACH RATE CALCULATIONS 



The average leach rate for any given analyte was calculated as described in Equation 5. The 
average leach rates calculated for each sampling interval across the entire leaching experiment or 
exposure time were then plotted as a function of absolute exposure/ leaching time.  



To evaluate average leach rate dynamics as a function of time, each experimental concentra-
tion versus time plot above was converted into an average leach rate versus time plot, shown in 
the sections below. These average leach rate curves can be related to the slopes between adjacent 
points on the respective concentration versus time curves and plotted as a function of time.  



Leach rates for all analytes for all leaching experiments first achieved some maximum value 
over days to months, and then slowly decreased over the remainder of the leaching series (exper-
iment). In some instances, we observed erratic leaching behavior typically shown very early in 
the leaching process by extreme variations (increases and decreases up to ~ an order of magni-
tude) in leach rate. It is thought that unstable behavior can be attributed to physical and chemical 
conditioning processes that a shipboard solid might undergo upon seawater exposure. These 
might include changes in surface wetting properties, rinsing of outer solid surfaces, solid degra-
dation and/or decomposition processes, and other processes that change the accessibility  
of seawater to the PCBs in the solid. Generally, a curve that first exhibited unstable behavior  
was followed by an average leach rate curve that was considered indicative of the stabilized 
leaching condition. These curves were qualitatively evaluated relative to a practical leaching 
model, for which the leach rate is expected to exhibit some variance upon initial seawater 
exposure and then achieve a stabilized release condition. This model describes a leach rate 
increase up to some maximum over a period of time that may or may not be observable within 
the experimental timeframe. Subsequently, a constant or decreasing rate with time should be 
observed as PCBs are slowly depleted at different rates from the seawater accessible solid 
interface (SASA). After this maximum or plateau in rate, leaching eventually becomes limited by 
PCB availability, i.e., becomes diffusion-limited (limited by transport from the innermost regions 
of the solid to the leaching surface (Figure 3).  



For each shipboard solid leaching experiment, the tPCB leach rate is plotted with the contri-
buting homolog leach rates. Correspondingly, each homolog leach rate is then plotted with that 
homolog group’s contributing target congener leach rates. The data are in Appendix D with the 
cumulative concentration curve data plotted in previous sections, and are empirically derived 
leach rates with no adjustment made to very low or near-MDL analyte concentrations evaluated 
as part of the respective uncertainty analyses and evaluation. If a homolog group or a target 
congener was not detected, a rate could not be calculated (represented as zero in Appendix D) for 
that leaching interval, and therefore is not plotted as part of the curve. These are identified by 
discontinuities in the plotted leach rate curves.  



4.1.1. Aroclor® 1254 (A1254) Analytical Control Dissolution Rates  



The plots in Figure 50(a–h) illustrate the dissolution rate behavior for the Aroclor® 1254 
positive analytical control. These curves are most useful for establishing an upper limit as a 
seawater PCB solvation capacity for A1254 as a reference point for the shipboard solid leach rate 
curves that follow, for which A1254 is present in the solid. PCB leaching from shipboard solids 
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relies partially upon PCB dissolution, with the shipboard solid matrix exerting an inhibitory 
influence on the solubility component of the leaching mechanism. One might expect a very 
different physical process for placing a solid such as neat A1254 into seawater, considering  
the absence of shipboard solid matrix. However, the Aroclor® is itself a solid matrix and can 
behave like a shipboard solid matrix, although the matrix is only of a mixture of different PCB 
congeners that is itself dissolving. Each A1254 PCB congener resides in (and is released from) 
this solid matrix. and as a result, only PCB–PCB interactions in the A1254 solid control the 
release in concert with individual PCB solubilities. In contrast, the interaction between PCBs  
and a shipboard solid matrix is expected to dominate during shipboard solid leaching if the PCBs 
are dispersed homogeneously throughout the solid. If PCBs are phase-separated in a shipboard 
solid, with domains of PCBs dispersed in a PCB matrix similar to an Aroclor®, PCB–PCB 
interactions would be increased relative to PCB-shipboard solid interactions, and a combination 
of these behaviors would dictate the observed leach rate behavior. PCBs could also be selectively 
phase-separated, that is, some regions of the shipboard solid could be rich in a particular PCB 
congener or congeners even though the bulk composition is closely matched with a particular 
Aroclor®. A very small congener-rich phase could effect the observed leached congener distribu-
tion, particularly if the phase is present at the interface (SASA). Determining the interfacial 
compositions or relative magnitudes of PCB–PCB and various PCB-shipboard solid interactions 
at the molecular level is beyond the scope of this study; however, although the cohesive (PCB–
PCB) interaction is probably stronger, the release is probably greatly enhanced because the 
Aroclor® matrix itself is dissolving and influencing (increasing) the dissolution. This dynamic 
dissolution behavior of the PCB matrix is a fundamental difference between a neat Aroclor’s® 
release behavior and release from PCBs homogeneously dispersed in inert shipboard solid 
matrices. For this reason, the neat Aroclor® analytical control behavior can only be considered  
a measure of A1254 PCBs solvation capacity in seawater under the leaching conditions of the 
study, rather than a leaching surrogate or leaching control, and only represents the dissolution 
component of those PCBs uninhibited by the solid matrix at active leaching surfaces of ship-
board solids. Neat Aroclor® 1254 can, however, be considered a surrogate/control for the 
leaching behavior of highly mobile material matrices such as oils or greases that contain 
Aroclor® 1254.  



Each average dissolution rate curve above describes the release behavior in what would be the 
worst-case release scenario for a solid containing A1254 at the interface (SASA), in which neat 
Aroclor® 1254, a complex mixture of PCB congeners, is exposed to seawater and allowed  
to dissolve until limited only by availability from the Aroclor® itself (total dissolution). Note that 
the process monitored above was not a “leaching” control or surrogate for understanding the 
shipboard solid leaching mechanism, except perhaps the PCB dissolution component. Nor was it 
a solubility experiment, where an excess of the neat Aroclor® would be placed in a known 
volume of seawater and allowed to equilibrate until saturation was reached and no more solid 
was observed to dissolve. Such a process would perhaps take anywhere from hours to days 
before being limited by the PCB concentration in seawater (true saturation limit), at which point, 
the process would be complete. The experimental design used in this study resulted in the neat 
Aroclor® solid matrix itself limiting the availability of PCBs at the SASA, which dictates the 
dissolution behavior. For shipboard solid experiments, the experimental design called for 
seawater exchange at specific sample collection intervals to avoid saturation of the seawater as 
indicated by tPCB screening levels for A1254 congeners, but for Aroclor® dissolution experi-
ments, saturation was considered a possibility during dissolution intervals (between seawater 
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sampling/exchange points). This design, in effect, results in a neat Aroclor® dissolution control 
curve that represents the expected uninhibited A1254 PCB seawater dissolution behavior, under 
the specific experimental conditions used in shipboard solid leaching measurements. Because of 
this similarity in leaching conditions, Aroclor® results are, at times, referred to as “leaching.” 
Inadvertent reference to Aroclors® “leaching” should be in the context of positive analytical 
controls, not “leaching” controls or surrogates for the leaching process defined by PCBs leaching 
from inert solid matrices. Similarly, the term “leachate” is used generically for the seawater 
surrounding a sample from which PCBs dissolve. 
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Figure 50(a–h). Plot (a) shows experimental tPCBs average dissolution rate and contributing homolog group average 
dissolution rates versus time for neat Aroclor® 1254. The sum of the homolog average dissolution rates equals the 
tPCBs average dissolution rate curve (solid black squares). Plots (b–h) show homolog group average dissolution 
rates and corresponding target congener average dissolution rates within those detected homolog groups (Cl1–Cl7) 
versus time for neat Aroclorv 1254. Lines connecting adjacent data points indicate detection in consecutive seawater 
samples (continued dissolution of that PCB congener or homolog group), while no line indicates a discontinuity  
in dissolution (analyte not detected in an adjacent seawater sample). Non-detected target congeners within detected 
homolog groups included PCB 126 (Cl5); PCB 169 (Cl6); and PCBs 170, 183, 184, 187, and 189 (Cl7). 



In the A1254 average dissolution rate curves (Figure 50a–h), there is some indication of rapid 
initial dissolution, as suggested by the apparent spike observed in the average rate between day 
62 and day 69. Complete evaluation of this type of behavior cannot be addressed in this study 
because the leaching data collection interval was too long because of sampling logistics (would 
require real-time data collection with acquisition time shorter than the kinetics associated with 
PCB dissolution). However, we can consider the calculated average rates between 42 and 62 
days, between 62 and 69 days, and between 69 and 111 days. These data are 390 (= 7,803 
pptr/20 days), 1253 (= 8,775 pptr/7 days), and 286 (= 11,992 pptr/42 days), respectively. While 
these average dissolution rates are not many orders of magnitude apart, they are significantly 
different, as evidenced by the practical explanation for the observed spike, that is, it only took 7 
days to change by 8,775 pptr, exceeding the preceding concentration change of 7,803 pptr, which 
took 20 days, nearly three times as long. Also, the subsequent concentration change (11,992 pptr) 
was larger by 3,217 pptr, but it took six times longer to reach this concentration, an indication of 
limiting behavior by the Aroclor® matrix, if indeed rapid PCB dissolution occurred initially. 
These observations reveal that a calculated average leach rate magnitude appears to be dictated 
somewhat by the time-interval over which one might allow the release to occur before sampling, 
but this is not an experimental artifact. Rather this is related to availability of PCBs at the SASA 
and reflects the functional limiting of complex PCB release by the solid matrix. Note that the 
calculated rates in this study are not instantaneous (distinct rates corresponding to a distinct point 
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in leaching time), but lower resolution averages calculated over a leaching time-interval that 
cannot capture the dynamics of the limiting behavior, only the overall effects of the limiting 
behavior. 



The observed Aroclor® leaching behaviors in the A1254 average dissolution rate versus time 
curves are valid and necessary positive analytical controls for evaluating the PCB solvation 
capacity of the seawater under the empirical leaching conditions, provided that a shipboard solid 
contains Aroclor® 1254 or similar Aroclor®, e.g., 1260). To this end, each concentration leaching 
curve in Subsection 3.4 for shipboard solids that contained a significant amount of A1254 and/or 
1260, but not A1268, were validated against the neat Aroclor® 1254 concentration versus time 
curves also in Subsection 3.4 (black rubber pipe hanger liner, electrical cable, and foam rubber/ 
Ensolite®). We confirmed that most shipboard solid leachate PCB concentrations were all lower 
than concentrations for the Aroclor® analytical controls, consistent with PCB release suppressed 
only by the shipboard solid matrix (diffusion-limited). A similar comparison was also performed 
on the raw concentration data in Appendix C for all analytes in individual seawater samples 
across the experimental timeframes, with significant suppression of PCB concentrations by the 
shipboard solids observed. The average leach rates subsequently calculated and plotted for these 
solids are thus below the effective saturation limit and considered valid measures of release. The 
neat A1254 results can also be used to estimate the worst-case leaching behavior for materials 
not tested in this work that might contain A1254. For example, A1254 results can be used as a 
proxy for mobile A1254 or 1260-containing oils and greases.  



Each analyte in the A1254 average leaching curves was extrapolated beyond the experimental 
timeframe using standard data-treatment and curve-fitting methods described in Subsection 2.13. 
These results were especially useful for demonstrating that average leach rates are expected to 
continue decreasing beyond the average leach rates experimentally determined in this study. All 
regression analyses (curve-fit plots and associated ANOVA results) can be found in Appendix A 
for all analytes. Results of curve-fitting for A1254 are plotted for tPCBs only in Figure 51 to 
illustrate how the leach rate (predicted value with upper and lower 95th percentile confidence 
and prediction limits) is expected to decrease beyond the experimental timeframe. These values, 
extrapolated to 1,000 years, are tabulated below the figure. The final empirical tPCBs average 
value is included as a reference (3,505 ng/g shipboard solid-day at 433 days). 
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
433 3505     



597.28962 2607.38024 5021.29955 1353.91877 8178.85457 831.22052 
1493.48334 850.17907 2610.14027 276.92169 3665.95851 197.16657 
3734.35667 277.21482 1385.69414 55.45817 1784.2291 43.07074 
9337.51277 90.39044 740.42725 11.03475 903.61604 9.04193 
23347.83539 29.47328 396.74147 2.18952 467.26176 1.85907 
58379.72389 9.61025 212.89281 0.43382 244.52286 0.3777 
145974.65266 3.13358 114.33564 0.08588 128.90918 0.07617 



365000 1.02175 61.43775 0.01699 68.28956 0.01529 



Figure 51. A1254 tPCBs average leach rate extrapolation results (red line/tabulated values) beyond the 
final experimental average leach rate value (included in italics for reference purposes). The 95% upper 
and lower confidence (UCI and LCI) and prediction intervals (UPI and LPI) are also shown (green and 
blue lines/tabulated values) over the 1,000-year extrapolation period. See Appendix A for details and for 
homolog and congener-specific average leach rate curve-fit results. Average leach rate units are  
ng PCB/g shipboard solid-day. 



4.1.2. Black Rubber Pipe Hanger Liner (BRPHL) Leach Rates  



This leached sample contained 0.16 wt% tPCBs with A1254 likely to be the primary Aroclor® 
component (nominally 97% of the PCB content) with a small amount of Aroclor® 1260 
identified (nominally 3% of the PCB content), as indicated in Table 9. The average leach rate 
curves for BRPHL are shown in Figure 52(a–g) for detected homologs Cl1 through Cl5, and for 
only those target congeners detected within each homolog group. The average leach rate values 
for tPCBs lie predominantly in the 1-10 ng/g shipboard solid-day range, significantly lower (by  
3 orders of magnitude) than the tPCBs average leach rate for A1254. This lower rate indicates 
significant suppression of PCB leaching by the BRPHL polymer matrix. Note that the Cl7 
homolog and target congener PCB184 were only detected in the earliest stages of leaching, and 











 



 
 



132



the leaching had stopped for these analytes by the end of the first month of leaching (see Figure 
52g).  
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Figure 52(a–g). Plot (a) shows experimental tPCBs average leach rate and contributing homolog group 
average leach rates versus leaching time for BRPHL. The sum of the homolog average leach rate curves 
is equal to the tPCBs average leach rate curve (solid black squares). Plots (b-g) show the detected 
homolog group average leach rates and corresponding target congener average leach rates within those 
homolog groups (Cl1 through Cl5, and Cl7) versus leaching time for BRPHL. Lines connecting adjacent 
data points indicate detection in consecutive leachate samples (continued leaching of that PCB congener 
or homolog group), while no line indicates a discontinuity in leaching (analyte not detected in an adjacent 
leachate sample). Non-detected target congeners within detected homolog groups included PCB 77 
(Cl4); PCBs 114, 123, and 126 (Cl5); and PCBs 170, 180, 183, 187, and 189 (Cl7). 



The above curves were extrapolated beyond the experimental timeframe using standard data-
treatment and curve-fitting methods as described in Subsection 2.13. These results are summa-
rized for tPCBs only in Figure 53, with detailed curve-fit plots and ANOVA results included  
in Appendix A for all analytes. These values, extrapolated to 1,000 years, are tabulated below  
the figure. For reference purposes, the final experimental data point corresponds to a tPCBs 
average leach rate of 0.66 ng/g shipboard solid-day at 475 days. 
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
475 0.66     



597.28962 0.6539 0.77635 0.55077 1.11353 0.38399 
1493.48334 0.40379 0.49434 0.32983 0.69499 0.2346 
3734.35667 0.24935 0.31617 0.19665 0.43524 0.14285 
9337.51277 0.15397 0.20278 0.11692 0.27342 0.08671 
23347.83539 0.09508 0.13028 0.06939 0.17225 0.05248 
58379.72389 0.05871 0.0838 0.04114 0.1088 0.03169 



145974.65266 0.03626 0.05395 0.02437 0.06888 0.01908 
365000 0.02239 0.03475 0.01443 0.0437 0.01147 



Figure 53. Extrapolation results for BRPHL tPCBs average leach rate (red line/tabulated values) beyond 
the final experimental average leach rate value (included in italics for reference purposes). The 95% 
upper and lower confidence (UCI and LCI) and prediction intervals (UPI and LPI) are also shown (green 
and blue lines/tabulated values) over the 1,000-year extrapolation period. See Appendix A for details and 
for homolog and congener-specific average leach rate curve-fit results. Average leach rate units are  
ng PCB/g shipboard solid-day. 



4.1.3. Electrical Cable (EC) Leach Rates  



The tPCB content for this shipboard solid sample was 0.12 wt%, with the likely primary 
component identified in Table 9 as (nominally) 91% Aroclor® 1254, with a possible Aroclor® 
1260 component (nominally 8%), and an even smaller amount of Aroclor® 1242 possible 
(nominally 1%). The average leach rate curves for EC are plotted in Figure 54(a–i), with average 
leach rate curves for tPCBs, homolog groups Cl2 through Cl7, Cl9 through Cl10, and each of 
these homolog groups’ target congeners. The average leach rates for EC are generally below  
0.2 ng/g shipboard solid-day, 4 orders of magnitude below the A1254 average leach rates, 
signifying substantial leaching suppression by the EC solid matrix. Most leaching occurred in 
homolog groups Cl4 through Cl6 across the entire leaching timeframe, while many remaining 
detected homolog groups and corresponding target congeners were detected only sporadically.  
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Figure 54(a–i). Plot (a) shows experimental tPCBs average leach rate and contributing homolog group 
average leach rates versus leaching time for EC. The sum of the homolog average leach rate curves is 
equal to the tPCBs average leach rate curve (solid black squares). Plots (b–i) show homolog group 
average leach rates and corresponding target congener average leach rates within those detected 
homolog groups (Cl2 through Cl7, Cl9 and Cl10) versus leaching time for EC. Lines connecting adjacent 
data points indicate detection in consecutive leachate samples (continued leaching of that PCB congener 
or homolog group), while no line indicates a discontinuity in leaching (analyte not detected in an adjacent 
leachate sample). Non-detected target congeners within detected homolog groups included PCBs 114, 
123, and 126 (Cl5); PCBs 156, 157, 167, 169 (Cl6); PCBs 170, 180, 183, 187, and 189 (Cl7). Note that 
Cl10 and PCB209 should be experimentally identical and are plotted to demonstrate this concurrence. 



The average leach rate curves for EC were extrapolated beyond the experimental time frame 
using standard data-treatment and curve-fitting methods described in Subsection 2.13. These 
results are summarized for tPCBs (Figure 55), with detailed curve-fit plots and ANOVA results 
for all analytes included in Appendix A. These values, extrapolated to 1,000 years, are tabulated 
below the figure. For reference purposes, the final experimental data point corresponds to a 
tPCBs average leach rate of 0.044 ng/g shipboard solid-day at 475 days. 
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
475 0.044     



597.28962 0.06429 0.09263 0.04462 0.16202 0.02551 
1493.48334 0.0439 0.07293 0.02642 0.11805 0.01632 
3734.35667 0.02997 0.05811 0.01546 0.08797 0.01021 
9337.51277 0.02047 0.04655 0.009 0.06671 0.00628 
23347.83539 0.01397 0.03739 0.00522 0.05127 0.00381 
58379.72389 0.00954 0.03008 0.00303 0.0398 0.00229 
145974.65266 0.00651 0.02423 0.00175 0.03112 0.00136 



365000 0.00445 0.01952 0.00101 0.02448 8.08216E-4 



Figure 55. Extrapolation results for EC tPCBs average leach rate (red line/tabulated values) beyond the 
final experimental average leach rate value (included in italics for reference purposes). The 95% upper 
and lower confidence (UCI and LCI) and prediction intervals (UPI and LPI) are also shown (green and 
blue lines/tabulated values) over the 1,000-year extrapolation period. See Appendix A for details and for 
homolog and congener-specific average leach rate curve-fit results. Average leach rate units are ng 
PCB/g shipboard solid-day. 



4.1.4. Foam Rubber/Ensolite® (FRE) Leach Rates  



This shipboard solid sample contained 0.89 wt% tPCBs, probably composed primarily of 
Aroclor® 1254 (nominally 93%) and possibly Aroclor® 1260 (nominally 7%) per Table 9. 
Average leach rate curves are plotted in Figure 56(a–g) for tPCBs and all detected analytes 
(homologs Cl2 through Cl7 and corresponding target congeners) across the entire leaching 
timeframe. All homolog groups were present (leached) throughout, with the exception of 
analytes Cl7 homolog group and congeners, which appeared early in the leaching and then 
stopped within the first month (Figure 56g). This behavior is qualitatively very similar to the 
leaching behavior exhibited by BRPHL and EC for these same target analytes (the release for EC 
is 1 to 2 orders of magnitude lower). 
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Figure 56(a–g). Plot (a) shows experimental tPCBs average leach rate and contributing homolog group 
average leach rates versus leaching time for FRE. The sum of the homolog average leach rate curves is 
equal to the upper tPCBs average leach rate curve (solid black squares). Plots (b–g) show homolog 
group average leach rates and target congener average leach rates within those detected homolog 
groups (Cl2 through Cl7) versus leaching time for FRE. Lines connecting adjacent data points indicate 
detection in consecutive leachate samples (continued leaching of that PCB congener or homolog group), 
while no line indicates a discontinuity in leaching (analyte not detected in an adjacent leachate sample). 
Non-detected target congeners within detected homolog groups included PCB 77 (Cl4); PCBs 123 and 
126 (Cl5) (note that PCB 114 only appeared once); PCBs 157, 167, 169 (Cl6); PCBs 170, 180, 183, 187, 
and 189 (Cl7). 



The average leach rate curves for FRE were extrapolated beyond the experimental time frame 
using standard data-treatment and curve-fitting methods described in Subsection 2.13. All curve-
fit plots and associated ANOVA results are in Appendix A for all homolog and target congener 
analytes. The results for tPCBs average leach rates are included in Figure 57 to illustrate how the 
(predicted) rate behaves beyond the experimental time frame. These values, extrapolated to 
1,000 years, are tabulated below the figure. The final empirical tPCBs average value is included 
as a reference (1.89 ng/g shipboard solid-day at 469 days). 
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
469 1.89     



597.28962 2.63945 3.42056 2.03671 4.69037 1.48532 
1493.48334 1.63852 2.41713 1.11072 3.11933 0.86069 
3734.35667 1.01717 1.72362 0.60026 2.12314 0.48731 
9337.51277 0.63144 1.23335 0.32328 1.46784 0.27163 
23347.83539 0.39199 0.88399 0.17382 1.02539 0.14985 
58379.72389 0.24334 0.63417 0.09337 0.72135 0.08209 
145974.65266 0.15106 0.45519 0.05013 0.50992 0.04475 



365000 0.09378 0.32685 0.02691 0.36171 0.02431 



Figure 57. Extrapolation results for FRE tPCBs average leach rate extrapolation results (red line/tabulated 
values) beyond the final experimental average leach rate value (included in italics for reference 
purposes). The 95% upper and lower confidence (UCI and LCI) and prediction intervals (UPI and LPI) are 
also shown (green and blue lines/tabulated values) over the 1,000-year extrapolation period. See 
Appendix A for details and for homolog and congener-specific average leach rate curve-fit results. 
Average leach rate units are ng PCB/g shipboard solid-day. 



4.1.5. Aroclor® 1268 (A1268) Analytical Control Dissolution Rates 



The A1268 plots in Figure 58(a–j) represent the positive control plots that establish a reference 
or upper limit dissolution rate component for solids that contain a significant amount of A1268 
in the shipboard solid matrix. As observed for A1254, leaching of individual congeners comprise 
a fundamental dissolution behavior, and the mechanism for neat A1268 dissolution is effected 
similarly in that it is a PCB mixture and does not possess a shipboard solid matrix. Also, as with 
the A1254 control, each PCB congener in A1268 exists in (and is released from) a matrix of a 
mixture of PCB congeners, resulting in only PCB–PCB interactions (cohesion) in the solid 
contributing to the release mechanism. This is in contrast with a shipboard solid, where the PCB-
shipboard solid matrix interaction is the primary interaction during leaching and the PCB–PCB 
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interaction in the solid; if PCBs are homogeneously dispersed in a matrix without phase-
separated domains, it is a much less significant contributor to the release behavior/mechanism. 
As mentioned previously, PCBs could also possibly be selectively phase-separated in some 
regions of the shipboard solid, rich in a particular PCB congener or congeners, in spite of the 
bulk composition closely matching the distribution for a particular Aroclor®. A very small 
congener-rich phase present at the interface (SASA) could significantly effect the observed 
leached congener distribution. For reasons similar to those discussed for Aroclor® 1254, the neat 
Aroclor® 1268 analytical control behavior can only be considered a measure of A1268 PCB 
solvation capacity in seawater under the leaching conditions of the study, and is representative  
of the dissolution component of those PCBs uninhibited by the solid matrix at active leaching 
surfaces of shipboard solids. Aroclor® 1268 is not a valid leaching control for shipboard solids; 
however, neat Aroclor® 1268 can be considered a surrogate for the leaching behavior of highly 
mobile material matrices such as oils or greases that contain Aroclor® 1268. 
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Figure 58(a–j). Plot (a) shows experimental tPCBs average leach rate and contributing homolog group 
average leach rates versus leaching time for A1268. The sum of the homolog average leach rate curves 
is equal to the upper tPCBs average leach rate curve (solid black squares). Plots (b-j) show homolog 
group average leach rates and corresponding target congener average leach rates within detected 
homolog groups (Cl1 through Cl9) versus leaching time for A1268. Lines connecting adjacent data points 
indicate detection in consecutive leachate samples (continued leaching of that PCB congener or homolog 
group), while no line indicates a discontinuity in leaching (analyte not detected in an adjacent leachate 
sample). Non-detected target congeners within detected homolog groups included PCBs 123 and 126 
(Cl5); PCBs 128, 156,157, 158, 167, and 169 (Cl6); PCBs 170, 183, 184, and 189 (Cl7); and PCB 195 
(Cl8). 



Each of the above A1268 average dissolution rate curves corresponds to a worst-case A1268 
release scenario for a solid containing A1268 at the interface (SASA). As indicated for the neat 
A1254 experiment, this type of leaching experiment was not a “leaching” control/surrogate  
or a solubility experiment, where an excess of the neat Aroclor® in a known volume of seawater 
would equilibrate until saturation was reached, leaving undissolved solid. A solubility experi-
ment is limited by PCB saturation in the seawater. In this study, the neat Aroclor® solid matrix 
itself limited the dissolution behavior, a feature of the experimental design; the seawater leachate 
was exchanged at sample collection intervals selected to avoid A1254 or A1268 saturation in 
shipboard solid leaching experiments, but this did not preclude the possibility of saturation 
between leachate exchange/sampling points. Effectively, a neat Aroclor® positive control curve 
represents the seawater A1268 PCB dissolution behavior of Aroclor® 1268 under the experimen-
tal leaching conditions used in the shipboard solid leaching determinations. Because of this 
similarity, Aroclor® results are occasionally called “leaching,” and an inadvertent reference to 
Aroclors® “leaching” should be in the context of positive analytical controls. This does not imply 
that Aroclor® results are suitable for use as “leaching” controls for the leaching process defined 
by PCBs leaching from inert solid matrices.  
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Each concentration versus time leaching curve in Subsection 3.4 for shipboard solids probably 
contains A1268 only or A1268 with A1254 and/or A1260 (FGI, FGO, BHI, and AP), were 
evaluated against the neat Aroclor® 1268 concentration versus time curves, also in Subsection 
3.4. BHI and AP results were also evaluated against A1254 because this Aroclor® is possibly 
present in significant amounts in addition to A1268. We confirmed that most of the shipboard 
solid leachate PCB concentrations were lower, consistent with PCB release being suppressed by 
the shipboard solid matrix itself. This type of comparison was also performed on the raw 
concentration data in Appendix C for all analytes in individual seawater samples across the 
experimental timeframes, with similar significant suppression of PCB concentrations by the 
shipboard solids observed. As a result, the average leach rates subsequently calculated and 
plotted for these solids are considered valid leaching behaviors, and occur well below the 
effective saturation limit. The A1268 leaching results can also be used to estimate the worst-case 
leaching behavior for mobile materials containing A1268, but are not tested in this report, e.g., 
oils and greases that contain A1268 can be approximated by A1268 results.  



The average leach rate curve data were fit in the decreasing portion of the curves and extrapo-
lated beyond the final experimental data point. Details for the curve fitting and extrapolation  
are in Appendix A; however, the results for tPCBs only are included in Figure 59. These values, 
extrapolated to 1,000 years, are tabulated below the figure. The final empirical tPCBs average 
value is included as a reference (838.0 ng/g shipboard solid-day at 371 days). 
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
371 838.0     



721.79008 2065.44554 5727.09147 744.89211 26146.73518 163.15862 
2037.31367 1351.77061 4447.29738 410.87511 18415.72424 99.22411 
5750.49054 884.69231 3504.30547 223.34825 13183.5445 59.36799 
16231.24697 579.00392 2787.45135 120.26956 9577.88476 35.00204 
45814.07039 378.94027 2231.31173 64.35485 7050.43822 20.36692 



129314.09703 248.00476 1793.99938 34.28449 5250.64023 11.71407 
365000 162.31149 1446.95433 18.20722 3950.43643 6.66889 



Figure 59. A1268 tPCBs average leach rate extrapolation results (red line/tabulated values) beyond  
the final experimental average leach rate value (included in italics for reference purposes). The 95% 
upper and lower confidence (UCI and LCI) and prediction intervals (UPI and LPI) are also shown (green 
and blue lines/tabulated values) over a 1,000-year extrapolation period. See Appendix A for details and  
for homolog and congener-specific average leach rate curve-fit results. Average leach rate units are  
ng PCB/g shipboard solid-day. 



4.1.6. Bulkhead Insulation (BHI) Leach Rates 



This shipboard solid contained 0.044 wt% tPCBs; nominally 15.3% A1268, 31.3% A1260,  
and 54.3% A1254, as indicated in Table 9. BHI exhibited the highest leach rates for all the 
shipboard solids tested; however, these leach rates were still ~2 orders of magnitude lower than 
those for either neat Aroclor®. Average leach rate curves are plotted in Figure 60(a–g), represent-
ed by homolog groups Cl2 through Cl7. Homolog groups Cl2 and Cl7, and corresponding target 
congeners, leached initially and then became undetectable just after 200 days of exposure.  
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Figure 60(a–g). Plot (a) shows experimental tPCBs average leach rate and contributing homolog group 
average leach rates versus leaching time for BHI. The sum of the homolog average leach rate curves is 
equal to the tPCBs average leach rate curve (solid black squares). Plots (b–g) show homolog group 
average leach rates and corresponding target congener average leach rates within detected homolog 
groups (Cl2 through Cl7) versus leaching time for BHI. Lines connecting adjacent data points indicate 
detection in consecutive leachate samples (continued leaching of that PCB congener or homolog group), 
while no line indicates a discontinuity in leaching (analyte not detected in an adjacent leachate sample). 
Non-detected target congeners within detected homolog groups included PCBs 123 and 126 (Cl5); PCB 
169 (Cl6); and PCB 189 (Cl7). 



The average leach rate curves for BHI were each extrapolated using curve-fits of data in the 
decreasing portion of the curves. Using standard methods of data-treatment and curve-fitting 
described in Subsection 2.13, Apppendix A provides details for cyrve-fitting and extrpolation. 
Figure 61 includes the results for tPCBs only. These values, extrapolated to 1,000 years, are 
tabulated below the figure. The final empirical tPCBs average value is included as a reference 
(24.5 ng/g shipboard solid-day at 454 days). 
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
454 24.5     



609.43782 34.4489 52.56691 22.57554 88.96799 13.3388 
1240.296 22.64329 40.59459 12.63022 63.47185 8.07789 
2524.1856 14.88345 31.66899 6.99477 46.37752 4.77639 
5137.09059 9.78291 24.81893 3.85614 34.49882 2.77416 
10454.73826 6.43031 19.49721 2.12076 26.00223 1.59021 
21276.93684 4.22665 15.33808 1.16472 19.78835 0.90278 
43301.70973 2.77818 12.07688 0.6391 15.16757 0.50887 
88125.3763 1.8261 9.51476 0.35047 11.6885 0.28529 



179348.15959 1.2003 7.49934 0.19211 9.04453 0.15929 
365000 0.78896 5.91264 0.10527 7.02099 0.08866 



Figure 61. BHI tPCBs average leach rate extrapolation results (red line/tabulated values) beyond the final 
experimental average leach rate value (included in italics for reference purposes). The 95% upper and 
lower confidence (UCI and LCI) and prediction intervals (UPI and LPI) are also shown (green and blue 
lines/tabulated values) over a 1,000-year extrapolation period. See Appendix A for details and homolog 
and congener-specific average leach rate curve-fit results. Average leach rate units are ng PCB/g 
shipboard solid-day. 



4.1.7. Felt Gasket/Inner (FGI) Leach Rates 



This shipboard solid contained 23.03 wt% tPCBs corresponding nominally to A1268 only, 
(Table 9). This shipboard solid exhibited the highest PCB concentration in any solid tested, yet 
did not exhibit the highest average leach rate out of all shipboard solids tested. A surface-area-
normalized leach rate would perhaps correlate with PCB content in the solid, but this was not 
within the scope of this experiment, considering that the seawater accessible surface area is 
probably changing as a function of exposure time. As with other solids, FGI leach rates were still 
lower (by ~4 orders of magnitude) than those for the neat Aroclor® 1268 control. Average leach 
rate curves are plotted in Figure 62(a–k), represented by all homolog groups Cl1 through Cl10, 
the only shipboard solid to exhibit leaching for all homolog groups. Homolog groups Cl5 and 
Cl6 leached throughout the first half of the experiment; both became undetectable at ~250 days 
of exposure, and Cl5 reappeared once more beyond that leaching time (near 350 days). Homolog 
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group Cl10 was detected only twice before ~75 days. The remaining homolog groups leached 
consistently throughout the entire leaching series.  
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Figure 62(a–k). Plot (a) shows experimental tPCBs average leach rate and contributing homolog group 
average leach rates versus leaching time for FGI. The sum of the homolog average leach rate curves  
is represented by the tPCBs average leach rate curve (solid black squares). Plots (b–k) show homolog 
group average leach rates and corresponding target congener average leach rates within detected 
homolog groups Cl1 through Cl10 versus leaching time for FGI. Lines connecting adjacent data points 
indicate detection in consecutive leachate samples (continued leaching of that PCB congener or homolog 
group), while no line indicates a discontinuity in leaching (analyte not detected in an adjacent leachate 
sample). Non-detected target congeners within detected homolog groups included PCB 77 (Cl4); PCBs 
105, 114, 123 and 126 (Cl5); PCBs 128, 138, 156,157, 158, 167, and 169 (Cl6); PCBs 170 and 189 (Cl7); 
and PCB 195 (Cl8). 



The average leach rate curves for FGI described above were extrapolated using curve-fitting  
for the decreasing portion of the curves. Using the data-treatment and curve-fitting approach 
described in Subsection 2.13, Appendix A includes curve-fits and extrapolation details. Figure 63 
summarizes the results for tPCBs only. These values, extrapolated to 1,000 years, are tabulated 
below the figure. The final empirical tPCBs average value is included as a reference (0.93 ng/g 
shipboard solid-day at 475 days). 
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
475 0.93     



597.28962 2.28678 3.81706 1.37 8.74794 0.59778 
1493.48334 1.71146 3.30541 0.88616 6.96722 0.42041 
3734.35667 1.28089 2.89931 0.56588 5.65456 0.29015 
9337.51277 0.95863 2.56001 0.35898 4.66301 0.19708 
23347.83539 0.71746 2.26897 0.22686 3.89647 0.1321 
58379.72389 0.53696 2.01571 0.14304 3.29132 0.0876 



145974.65266 0.40187 1.79346 0.09005 2.80468 0.05758 
365000 0.30076 1.5974 0.05663 2.40713 0.03758 



Figure 63. FGI tPCBs average leach rate extrapolation results (red line/tabulated values) beyond the final 
experimental average leach rate value (included in italics for reference purposes). The 95% upper and 
lower confidence (UCI and LCI) and prediction intervals (UPI and LPI) are also shown (green and blue 
lines/tabulated values) over a 1,000-year extrapolation period. See Appendix A for details and for 
homolog and congener-specific average leach rate curve-fit results. Average leach rate units are ng 
PCB/g shipboard solid-day. 



4.1.8. Felt Gasket/Outer (FGO) Leach Rates 



This shipboard solid contained 11.74 wt% tPCBs as Aroclor® 1268 (Table 9), similar to FGI. 
However, its leaching behavior was somewhat different, as shown in Figure 64(a–i). Homolog 
groups Cl1 through Cl8 represent the leaching behavior, with only a single Cl1 detection 
observed at just after 100 days of leaching. Homolog groups Cl5 and Cl8 consistently appeared 
early in the leaching but later appeared only sporadically. Cl6 was only sporadically detected 
throughout, while the other detected homolog groups consistently leached throughout. Again,  
as observed for FGI, this solid contained a high level of PCBs (second highest concentration), 
but leached at ~4.5 orders of magnitude less than the A1268 control.  
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Figure 64(a–i). Plot (a) shows experimental tPCBs average leach rate and contributing homolog group 
average leach rates versus leaching time for FGO. The sum of the homolog average leach rate curves is 
represented by the tPCBs average leach rate curve (solid black squares). Plots (b–i) show homolog 
group average leach rates and corresponding target congener average leach rates within detected 
homolog groups Cl1 through Cl8 versus leaching time for FGO. Lines connecting adjacent data points 
indicate detection in consecutive leachate samples (continued leaching of that PCB congener or homolog 
group), while no line indicates a discontinuity in leaching (analyte not detected in an adjacent leachate 
sample). Non-detected target congeners within detected homolog groups included PCBs 114, 123 and 
126 (Cl5); PCBs 128, 138, 156,157, 158, 167, and 169 (Cl6); PCBs 170, 183, 184, and 189 (Cl7); and 
PCB 195 (Cl8). 



The average leach rate curves for FGO above were extrapolated from curve fits of the tail  
or decreasing portion of the curves. The results of curve fitting and extrapolation. Using the 
standard methods of data-treatment and curve-fitting described in Subsection 2.13, Appendix A 
includes the results of curve-fitting and extrapolation. Figure 65 summarizes the extrapolation 
results for tPCBs only. These values, extrapolated to 1,000 years, are tabulated below the figure 
and includes the final empirical average leach rate for reference purposes (1.27 ng/g shipboard 
solid-day at 454 days).  
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
454 1.27     



597.28962 1.74724 2.70788 1.1274 3.90491 0.7818 
1493.48334 0.92149 1.97122 0.43077 2.54622 0.33349 
3734.35667 0.48599 1.45706 0.1621 1.76294 0.13397 
9337.51277 0.25631 1.08195 0.06072 1.25714 0.05226 
23347.83539 0.13518 0.80498 0.0227 0.91051 0.02007 
58379.72389 0.07129 0.59951 0.00848 0.66537 0.00764 
145974.65266 0.0376 0.44674 0.00316 0.48893 0.00289 



365000 0.01983 0.33303 0.00118 0.36058 0.00109 



Figure 65. FGO tPCBs average leach rate extrapolation results (red line/tabulated values) beyond the 
final experimental average leach rate value (included in italics for reference purposes). The 95% upper 
and lower confidence (UCI and LCI) and prediction intervals (UPI and LPI) are also shown (green and 
blue lines/tabulated values) over a 1000-year extrapolation period. See Appendix A for details and for 
homolog and congener-specific average leach rate curve-fit results. Average leach rate units are ng 
PCB/g shipboard solid-day. 



4.1.9. Aluminized Paint (AP) Leach Rates 



The AP sample contained 0.043 wt%, nominally composed of 10.6% A1268, 47.8% A1260, 
and 41.6% A1254, as indicated in Table 9. The average leach rates shown in Figure 66(a–f)  
for this material were generally much lower than expected for this type of sample, considering 
the large surface area that resulted when the shipboard solid sample was collected as paint chips. 
The mechanism for how PCBs might be more strongly bound in this solid matrix is not under-
stood, primarily because of the complexities of paint formulations and application methods/ 
techniques, e.g., repainting frequency/paint thickness. Further investigation of the leaching 
mechanisms for shipboard solids was outside the scope of this investigation, which has focused 
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only on determining the baseline leaching level. Average leach rates for AP were approximately 
5 orders of magnitude below those observed for A1268 or A1254 controls. Homolog groups Cl3 
through Cl7 contributed to the PCB leaching; however, Cl3 and Cl7 were detected only early in 
the leaching series and were undetectable after ~25 days. The leaching for Cl6 was consistent 
until ~200 days, after which it was no longer detected. The remaining (Cl4 and Cl5) target 
analytes leached in a relatively consistent manner through the entire leaching experiment 
timeframe.  
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Figure 66(a–f). Plot (a) shows experimental tPCBs average leach rate and contributing homolog group 
average leach rates versus leaching time for AP. The sum of the homolog average leach rate curves is 
represented by the upper tPCBs average leach rate curve (solid black squares). Plots (b–f) show 
homolog group average leach rates and corresponding target congener average leach rates within 
homolog groups Cl3 through Cl7 versus leaching time for AP. Lines connecting adjacent data points 
indicate detection in consecutive leachate samples (continued leaching of that PCB congener or homolog 
group), while no line indicates a discontinuity in leaching (analyte not detected in an adjacent leachate 
sample). Non-detected target congeners within these detected homolog groups included PCB 18 (Cl3); 
PCBs 66 and 77 (Cl4); PCBs 114, 123 and 126 (Cl5); PCBs 128,157, 158, 167, and 169 (Cl6); and PCBs 
170, 180, 183, 187 and 189 (Cl7). 



The average leach rate curves for AP above were curve-fit through the decreasing portion  
of the curves and extrapolated to very long leaching times using the standard data-treatment  
and curve-fitting described in Subsection 2.13. These results are included in Appendix A, but 
Figure 67 summarizes the extrapolation results for tPCBs only. These values, extrapolated to 
1,000 years, are tabulated below the figure. The final empirical tPCBs average value is included 
as a reference (0.062 ng/g shipboard solid-day at 469 days). 
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469 0.062     
597.28962 0.78741 1.24357 0.49858 2.017 0.3074 
1493.48334 0.66151 1.1786 0.37128 1.8067 0.2422 
3734.35667 0.55573 1.12508 0.2745 1.64175 0.18812 
9337.51277 0.46687 1.07817 0.20216 1.5091 0.14444 
23347.83539 0.39222 1.03562 0.14854 1.39978 0.1099 
58379.72389 0.3295 0.99621 0.10898 1.30764 0.08303 
145974.65266 0.27681 0.95925 0.07988 1.22841 0.06238 



365000 0.23255 0.92431 0.05851 1.15909 0.04666 



Figure 67. AP tPCBs average leach rate extrapolation results (red line/tabulated values) beyond the final 
experimental average leach rate value (included in italics for reference purposes). The 95% upper and 
lower confidence (UCI and LCI) and prediction intervals (UPI and LPI) are also shown (green and blue 
lines/tabulated values) over a 1,000-year extrapolation period. See Appendix A for details and for 
homolog and congener-specific average leach rate curve-fit results. Average leach rate units are ng 
PCB/g shipboard solid-day. 



4.2. SUMMARIZED LEACH RATE STUDY RESULTS. 



Table 10(a–i) summarizes leach rate study results to provide an at-a-glance synopsis of each 
shipboard solid leaching experiment and Aroclor® dissolution experiment. These synopses 
include calculated minimum, maximum, mean, standard deviation, and medians for leach rates  
in Appendix C; the recommended empirical leach rate for each analyte to be used as a long-term, 
conservative leach rate; and the results of regression analyses performed on the decreasing 
portion tabulated for each analyte curve detailed in Appendix A. The final leach rate curve 
endpoints listed in these tables were evaluated against regression analyses for those analytes  
with sufficient data and predictive power (small p-value). None of these final values were well 
outside the regression analysis confidence limits at the 95th percentile.  
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Table 10(a–i). Summary of Empirical Dissolution Rate Behaviors/Curves/Regression Analyses for A1254 and A1268 (a and e), and Empirical 
Leach Rates for BRPHL, EC, FRE, BHI, FGI, FGO, and AP (b, c, d, f, g, h, i), respectively. Regression analyses correspond only to the  post-
maximum portion of those leach rate curves with a significant number of leach rate data points beyond the observed maximum (regressions for 
N>4, including the maximum), as described in Appendix D and Subsection 2.13. 



a. Leach Rate Results Post-Maximum Regression Results (log[AvgLR] = B log[time] + A)      
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PCB52 1.9E+02 6.7E+03 1.6E+03 2.0E+03 1.7E+03 6.3E+02 9 -0.91101 -0.39679 -1.42522 5.28843 6.4875 4.08936 0.71487 4.09E-03 
PCB66 1.2E+01 8.6E+02 5.9E+01 1.4E+02 2.3E+02 2.7E+01 9 -1.65782 -0.78289 -2.53276 5.78921 7.82942 3.74899 0.74146 0.00286 
PCB77 3.1E+00 3.1E+00 3.1E+00 3.1E+00 N/A 3.1E+00          



Cl5 3.4E+02 2.6E+04 1.6E+03 3.9E+03 6.9E+03 1.2E+03 9 -1.4022 -0.73876 -2.06564 6.83448 8.38153 5.28743 0.74982 0.00157 
PCB87 5.3E+00 1.8E+03 2.5E+02 3.7E+02 4.6E+02 7.7E+01 9 -1.35828 -0.57518 -2.14139 5.55465 7.38073 3.72857 0.70615 0.00456 



PCB101 4.3E+01 2.1E+03 2.6E+02 3.9E+02 5.6E+02 1.3E+02 9 -1.12569 -0.27448 -1.97689 5.1866 7.17149 3.20172 0.58281 0.01668 
PCB105 6.7E+00 5.3E+02 2.8E+01 7.8E+01 1.4E+02 8.4E+00 9 -1.93764 -0.92409 -2.9512 6.25348 8.61693 3.89002 0.74485 0.00273 
PCB114 3.5E+00 8.7E+00 5.1E+00 6.0E+00 2.2E+00 8.7E+00          
PCB118 1.2E+01 1.2E+03 7.9E+01 2.2E+02 3.3E+02 1.5E+01 9 -2.10255 -1.08461 -3.1205 6.96128 9.33497 4.58759 0.77313 0.00179 
PCB123 1.1E+01 1.1E+01 1.1E+01 1.1E+01 N/A 1.1E+01          
PCB126 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl6 8.8E+01 2.6E+03 3.8E+02 6.2E+02 7.1E+02 1.4E+02 9 -1.29967 -0.56294 -2.0364 5.69548 7.41342 3.97754 0.71313 0.00418 
PCB128 4.3E+00 7.4E+01 1.5E+01 2.2E+01 2.2E+01 4.3E+00 8 -1.08297 -0.07485 -2.09109 3.71625 6.03552 1.39698 0.53522 0.03913 
PCB138 5.6E+00 2.9E+02 4.2E+01 7.4E+01 9.1E+01 1.2E+01 9 -1.45902 -0.4469 -2.47113 5.13034 7.49043 2.77024 0.62405 0.01131 
PCB153 4.2E+00 3.7E+02 4.2E+01 8.8E+01 1.2E+02 1.4E+01 9 -1.37978 0.19641 -2.95596 4.86989 8.54532 1.19446 0.37969 0.07722 
PCB156 2.8E+00 1.1E+01 4.8E+00 5.3E+00 2.9E+00 2.8E+00          
PCB157 1.1E+00 1.5E+00 1.3E+00 1.3E+00 2.3E-01 1.5E+00          
PCB167 1.6E+00 4.2E+00 2.9E+00 2.9E+00 1.8E+00 4.2E+00          
PCB169 0.0E+00 0.0E+00 N/A N/A N/A N/A          
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Cl7 7.2E+01 7.2E+01 7.2E+01 7.2E+01 N/A 7.2E+01          
PCB170 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB180 4.2E+00 4.2E+00 4.2E+00 4.2E+00 N/A 4.2E+00          
PCB183 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB184 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB187 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB189 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl8 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB195 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl9 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB206 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl10 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB209 0.0E+00 0.0E+00 N/A N/A N/A N/A          
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b. Leach Rate Results Post-Maximum Regression Results (log[AvgLR] = B log[time] + A)      
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tPCBs 6.6E-01 2.7E+02 1.5E+00 1.8E+01 6.7E+01 6.6E-01 14 -0.52599 -0.47736 -0.57463 1.27577 1.3821 1.16944 0.97885 <0.0001 
Cl1 1.2E-01 9.1E-01 5.2E-01 5.2E-01 3.6E-01 7.5E-01 12 -0.31693 -0.2708 -0.36306 -0.27111 -0.16962 -0.3726 0.95907 <0.0001 
Cl2 1.2E-01 2.3E+00 4.0E-01 5.9E-01 5.8E-01 5.4E-01 13 -0.6553 0.0877 -1.3983 0.28399 1.90746 -1.33948 0.25516 0.07828 



PCB8 1.2E-01 9.9E-01 2.3E-01 3.8E-01 3.2E-01 8.8E-01 13 -0.40599 -0.30001 -0.51198 -0.94355 -0.71198 -1.17513 0.866 <0.0001 
Cl3 1.2E-01 1.0E+00 3.0E-01 3.9E-01 2.9E-01 9.1E-01 13 -0.29684 -0.00037082 -0.5933 -0.19319 0.45459 -0.84098 0.30628 0.04976 



PCB18 1.1E-01 5.5E-01 2.2E-01 2.4E-01 1.4E-01 1.2E-01 13 -0.36636 -0.22795 -0.50477 -0.92319 -0.62077 -1.22561 0.75524 0.00011485 
PCB28 1.4E-01 8.3E-01 4.1E-01 4.3E-01 2.4E-01 1.5E-01 10 -0.42758 -0.13061 -0.72455 -0.60601 0.00647 -1.21849 0.57947 0.01054 



Cl4 2.2E-01 1.5E+00 5.7E-01 7.5E-01 4.8E-01 2.6E-01 13 -0.55437 -0.39107 -0.71767 0.94073 1.29756 0.58391 0.8354 <0.0001 
PCB44 1.3E-01 8.4E-01 3.4E-01 4.0E-01 2.5E-01 4.1E-01 13 -0.50696 -0.37214 -0.64178 0.05879 0.35338 -0.23579 0.86163 <0.0001 
PCB49 1.2E-01 9.6E-01 3.0E-01 4.1E-01 2.8E-01 1.2E-01 13 -0.61917 -0.45903 -0.77932 -0.14438 0.20555 -0.49431 0.86813 <0.0001 
PCB52 1.1E-01 9.2E-01 3.1E-01 3.6E-01 2.6E-01 8.3E-01 13 -0.49425 -0.37285 -0.61565 0.33621 0.60147 0.07095 0.87951 <0.0001 
PCB66 1.1E-01 7.6E-01 2.6E-01 3.1E-01 1.7E-01 5.0E-01 13 -0.59485 -0.24066 -0.94904 -0.5919 0.182 -1.36581 0.55401 0.00352 
PCB77 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl5 1.7E-01 1.3E+00 6.7E-01 6.1E-01 3.3E-01 1.8E-01 10 -0.99549 -0.40872 -1.58226 1.85473 3.24059 0.46887 0.61383 0.00447 
PCB87 1.4E-01 6.4E-01 3.5E-01 3.4E-01 1.6E-01 1.4E-01 7 -0.99977 -0.75437 -1.24518 0.63206 1.18722 0.07691 0.9564 0.00013694 



PCB101 1.2E-01 8.9E-01 3.4E-01 4.1E-01 2.8E-01 1.4E-01 10 -1.22506 -0.92318 -1.52694 1.33537 2.04835 0.62238 0.9163 <0.0001 
PCB105 1.2E-01 4.1E-01 2.0E-01 2.3E-01 1.3E-01 4.1E-01          
PCB114 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB118 1.4E-01 7.8E-01 3.9E-01 4.3E-01 2.2E-01 7.3E-01 5 -1.44605 -0.95492 -1.93717 1.56213 2.63935 0.48492 0.96696 0.00257 
PCB123 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB126 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl6 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB128 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB138 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB153 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB156 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB157 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB167 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB169 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl7 3.5E-01 5.0E-01 5.0E-01 7.3E-01 5.3E-01 3.5E-01 4 -0.87772 -0.54861 -1.20683 0.41963 0.852 -0.01275 0.98504 0.00751 
PCB170 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB180 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB183 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB184 2.2E-01 5.7E-01 4.8E-01 4.2E-01 1.8E-01 5.7E-01 4 -0.90943 -0.37214 -1.22762 -0.44569 0.35338 -0.86372 0.98695 0.00655 
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PCB187 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB189 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl8 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB195 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl9 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB206 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl10 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB209 0.0E+00 0.0E+00 N/A N/A N/A N/A          
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c. Leach Rate Results Post-Maximum Regression Results (log[AvgLR] = B log[time] + A)      
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tPCBs 0.0E+00 5.4E-01 1.2E-01 1.3E-01 1.3E-01 4.4E-02 14 -0.41634 -0.23313 -0.59955 -0.03602 0.36073 -0.43277 0.67138 3.36E-04 
Cl1 0.0E+00 0.0E+00 N/A N/A N/A N/A          
Cl2 2.2E-01 9.9E-01 3.4E-01 5.2E-01 4.2E-01 2.2E-01          



PCB8 0.0E+00 0.0E+00 N/A N/A N/A N/A          
Cl3 1.3E-01 2.0E-01 1.6E-01 1.6E-01 5.1E-02 2.0E-01          



PCB18 6.8E-01 6.8E-01 6.8E-01 6.8E-01 N/A 6.8E-01          
PCB28 1.6E-01 1.6E-01 1.6E-01 1.6E-01 N/A 1.6E-01          



Cl4 2.1E-01 6.5E-01 4.2E-01 4.3E-01 1.5E-01 2.1E-01 12 -0.26155 -0.02583 -0.49728 -0.83355 -0.29192 -1.37518 0.37936 0.03297 
PCB44 1.2E-01 9.9E-01 5.7E-01 5.3E-01 2.5E-01 2.7E-01 14 -0.28017 -0.15484 -0.4055 -1.62759 -1.35618 -1.899 0.66409 0.00038452 
PCB49 1.1E-01 6.8E-01 2.2E-01 2.6E-01 1.5E-01 1.1E-01 13 -0.34807 -0.22605 -0.47009 -1.93671 -1.67562 -2.1978 0.78184 <0.0001 
PCB52 1.1E-01 9.9E-01 1.8E-01 3.6E-01 3.3E-01 6.1E-01 14 -0.21297 -0.09694 -0.32899 -1.44774 -1.19647 -1.699 0.57133 0.00176 
PCB66 1.3E-01 9.9E-01 2.3E-01 4.1E-01 3.5E-01 2.5E-01 10 -0.11283 0.378 -0.60366 -2.66793 -1.53168 -3.80419 0.03393 0.61045 
PCB77 1.6E-01 1.6E-01 1.6E-01 1.6E-01 N/A 1.6E-01          



Cl5 1.2E-01 9.9E-01 6.0E-01 5.5E-01 2.9E-01 2.3E-01 14 -0.2883 -0.06726 -0.50934 -0.61403 -0.13535 -1.09271 0.40227 0.01485 
PCB87 1.3E-01 6.4E-01 4.5E-01 4.1E-01 1.5E-01 1.3E-01 10 -0.31829 0.18122 -0.81781 -1.70219 -0.5348 -2.86959 0.21253 0.17992 
PCB101 1.8E-01 9.6E-01 6.1E-01 5.9E-01 2.6E-01 2.1E-01 11 -0.51633 -0.06616 -0.9665 -1.05476 0.0032 -2.11271 0.42792 0.02899 
PCB105 1.2E-01 9.9E-01 2.2E-01 3.0E-01 2.7E-01 2.2E-01 5 -0.44342 1.27563 -2.16246 -1.76382 2.31839 -5.84604 0.18342 0.47186 
PCB114 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB118 2.0E-01 7.2E-01 4.4E-01 4.4E-01 1.9E-01 2.6E-01 9 -0.59373 -0.17608 -1.01138 -1.08308 -0.12405 -2.0421 0.61748 0.01206 
PCB123 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB126 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl6 1.7E-01 9.9E-01 2.6E-01 4.3E-01 3.0E-01 1.7E-01 4 -0.9446 0.60789 -2.49709 0.52608 4.20303 -3.15087 0.7741 0.12017 
PCB128 2.4E-01 2.4E-01 2.4E-01 2.4E-01 N/A 2.4E-01          
PCB138 1.3E-01 9.9E-01 2.5E-01 3.4E-01 3.3E-01 2.4E-01          
PCB153 2.2E-01 9.9E-01 2.3E-01 3.9E-01 3.4E-01 2.2E-01 4 -0.62444 1.53516 -2.78403 -1.24549 3.86934 -6.36032 0.43626 0.3395 
PCB156 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB157 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB167 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB169 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl7 2.2E-01 4.9E-01 2.4E-01 3.2E-01 1.5E-01 4.9E-01          
PCB170 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB180 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB183 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB184 1.6E-01 8.3E-01 5.2E-01 5.0E-01 3.3E-01 8.3E-01          
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PCB187 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB189 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl8 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB195 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl9 2.6E-01 2.6E-01 2.6E-01 2.6E-01 N/A 2.6E-01          
PCB206 1.7E-01 1.7E-01 1.7E-01 1.7E-01 N/A 1.7E-01          



Cl10 1.5E-01 1.5E-01 1.5E-01 1.5E-01 N/A 1.5E-01          
PCB209 1.5E-01 1.5E-01 1.5E-01 1.5E-01 N/A 1.5E-01          
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d. Leach Rate Results Post-Maximum Regression Results (log[AvgLR] = B log[time] + A)     
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tPCBs 0.0E+00 1.3E+01 6.1E+00 6.1E+00 3.5E+00 1.9E+00 12 -0.52023 -0.36014 -0.68033 1.86578 2.22366 1.50789 0.83981 <0.0001 
Cl1 0.0E+00 0.0E+00 N/A N/A N/A N/A          
Cl2 1.2E-01 5.5E+00 3.2E-01 6.8E-01 1.4E+00 1.8E-01 14 -0.6714 -0.36067 -0.98213 0.45198 1.09893 -0.19497 0.64874 0.00050749 



PCB8 1.7E-01 9.6E-01 3.3E-01 4.1E-01 2.3E-01 1.7E-01 13 -0.38722 -0.32909 -0.44535 -0.64917 -0.52359 -0.77476 0.95132 <0.0001 
Cl3 1.2E-01 9.3E-01 1.5E-01 3.6E-01 3.2E-01 8.6E-01 14 -0.31499 -0.24134 -0.38863 -0.20111 -0.04778 -0.35444 0.8786 <0.0001 



PCB18 1.4E-01 8.4E-01 2.7E-01 3.5E-01 2.1E-01 1.4E-01 13 -0.41836 -0.27946 -0.55726 -0.66618 -0.36607 -0.96629 0.7998 <0.0001 
PCB28 1.3E-01 7.2E-01 3.2E-01 3.3E-01 1.7E-01 1.5E-01 14 -0.5066 -0.45836 -0.55484 -0.3465 -0.24607 -0.44694 0.97759 <0.0001 



Cl4 8.6E-01 4.9E+00 1.9E+00 2.3E+00 1.2E+00 8.6E-01 13 -0.41978 -0.33101 -0.50855 1.16854 1.36033 0.97674 0.90782 <0.0001 
PCB44 1.5E-01 8.5E-01 3.7E-01 4.3E-01 2.1E-01 1.5E-01 12 -0.48425 -0.37872 -0.58978 0.61183 0.84775 0.37592 0.91269 <0.0001 
PCB49 1.1E-01 9.2E-01 2.6E-01 4.0E-01 2.9E-01 3.8E-01 13 -0.42354 -0.32001 -0.52707 -0.07762 0.14607 -0.30131 0.88053 <0.0001 
PCB52 2.8E-01 1.6E+00 6.5E-01 7.5E-01 3.9E-01 2.8E-01 12 -0.47532 -0.39046 -0.56018 0.85219 1.04189 0.66248 0.93967 <0.0001 
PCB66 1.1E-01 8.2E-01 3.7E-01 4.1E-01 2.7E-01 4.1E-01 11 -0.52733 -0.37066 -0.68401 0.00995 0.35332 -0.33342 0.86562 <0.0001 
PCB77 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl5 9.7E-01 5.6E+00 3.3E+00 3.1E+00 1.5E+00 9.7E-01 12 -0.53458 -0.35023 -0.71894 1.57794 1.99007 1.16582 0.80675 <0.0001 
PCB87 1.4E-01 8.4E-01 2.5E-01 3.3E-01 1.9E-01 5.4E-01 11 -0.50321 -0.33301 -0.67342 0.40893 0.78196 0.03591 0.8325 <0.0001 
PCB101 1.3E-01 8.6E-01 4.2E-01 4.3E-01 2.3E-01 8.6E-01 12 -0.64488 1.42559 0.35182 0.88871 -0.88505  0.78164 -0.40472 
PCB105 1.2E-01 9.6E-01 1.9E-01 3.7E-01 3.0E-01 1.7E-01 12 -0.71824 -0.39669 -1.03979 0.45782 1.17665 -0.261 0.7124 0.00055593 
PCB114 8.4E-01 8.4E-01 8.4E-01 8.4E-01 N/A 0.0E+00          
PCB118 1.3E-01 6.4E-01 2.5E-01 3.0E-01 1.4E-01 2.4E-01 12 -0.79162 -0.41499 -1.16825 0.92792 1.76988 0.08596 0.68684 0.00086331 
PCB123 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB126 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl6 3.2E-01 1.9E+00 8.7E-01 9.0E-01 4.2E-01 4.3E-01 7 -1.1711 -0.45662 -1.88558 2.64134 4.36894 0.91374 0.78025 0.00838 
PCB128 1.3E-01 5.6E-01 4.1E-01 4.0E-01 1.2E-01 1.3E-01 6 -0.41847 -0.13159 -0.70536 -0.45226 0.20749 -1.11201 0.80394 0.01548 
PCB138 1.3E-01 8.5E-01 1.5E-01 2.9E-01 2.7E-01 2.2E-01 8 -1.38238 -0.61475 -2.15002 2.17049 3.99136 0.34963 0.76394 0.00454 
PCB153 1.2E-01 7.5E-01 1.5E-01 3.2E-01 2.7E-01 3.3E-01 7 -1.10639 -0.39833 -1.81445 1.52114 3.17625 -0.13397 0.76341 0.01015 
PCB156 1.7E-01 2.3E-01 1.9E-01 2.0E-01 2.6E-02 2.2E-01 4 -0.08289 1.18471 -1.3505 -1.51658 1.2861 -4.31927 0.03808 0.80487 
PCB157 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB167 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB169 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl7 3.1E-01 2.1E+00 7.2E-01 1.1E+00 9.6E-01 7.2E-01          
PCB170 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB180 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB183 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB184 2.3E-01 4.8E-01 2.8E-01 3.3E-01 1.3E-01 2.8E-01          
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PCB187 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB189 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl8 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB195 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl9 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB206 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl10 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB209 0.0E+00 0.0E+00 N/A N/A N/A N/A          
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 e.  Leach Rate Results Post-Maximum Regression Results (log[AvgLR] = B log[time] + A)   
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tPCBs 5.1E+02 1.3E+05 1.4E+04 2.4E+04 3.7E+04 8.4E+02 11 -0.40855 -0.19468 -0.62241 4.48281 4.90291 4.06271 0.67479 1.93E-03 
Cl1 3.3E+01 6.8E+01 3.9E+01 4.7E+01 1.8E+01 3.3E+01          
Cl2 7.3E-01 3.1E+03 1.5E+02 7.0E+02 1.0E+03 7.3E-01 8 -2.27589 -1.47668 -3.07509 6.35558 7.89792 4.81323 0.89002 0.00043412 



PCB8 7.3E-01 4.2E+03 2.8E+02 1.1E+03 1.7E+03 7.3E-01 8 -2.16556 -1.36426 -2.96687 5.94637 7.49277 4.39997 0.87935 0.00057563 
Cl3 3.0E+01 1.3E+04 9.6E+02 3.3E+03 5.0E+03 3.0E+01 9 -1.24578 -0.75547 -1.73609 5.72492 6.71092 4.73891 0.83757 0.00053795 



PCB18 1.6E+00 4.6E+03 3.9E+02 1.3E+03 1.8E+03 3.8E+01 9 -1.38098 -0.87355 -1.88842 5.34363 6.36407 4.32319 0.85541 0.00035517 
PCB28 3.7E+01 3.6E+03 5.9E+02 1.2E+03 1.3E+03 6.7E+01 8 -1.63604 -1.09239 -2.17969 5.99567 7.14561 4.84572 0.90037 0.00032134 



Cl4 3.2E+01 6.3E+03 1.5E+03 2.4E+03 2.2E+03 5.3E+02 7 -1.35657 -0.79815 -1.91499 6.20746 7.44007 4.97485 0.88635 0.00154 
PCB44 2.1E+01 1.2E+03 3.7E+02 5.0E+02 4.3E+02 1.3E+02 7 -1.19712 -0.80463 -1.58961 5.06967 5.93603 4.20331 0.92478 0.00054169 
PCB49 2.9E+01 5.8E+02 1.9E+02 2.5E+02 2.0E+02 6.2E+01 7 -1.23157 -0.76822 -1.69492 4.83863 5.8614 3.81586 0.90326 0.00102 
PCB52 2.1E+01 9.3E+02 1.5E+02 2.9E+02 3.3E+02 1.5E+02 7 -1.08002 -0.69788 -1.46217 4.81729 5.66081 3.97378 0.91347 0.00077226 
PCB66 1.3E+01 5.6E+02 9.4E+01 1.8E+02 1.9E+02 2.7E+01 7 -1.57457 -0.975 -2.17415 5.4177 6.74115 4.09425 0.90113 0.00108 
PCB77 4.7E+00 1.4E+02 6.0E+01 6.2E+01 4.4E+01 4.7E+00 5 -1.65693 -0.454 -2.85986 4.96588 7.44373 2.48803 0.86496 0.02198 



Cl5 2.7E+01 5.3E+02 2.6E+02 2.5E+02 1.8E+02 7.8E+01 7 -0.8633 -0.41026 -1.31633 4.18509 5.18508 3.18509 0.82756 0.00448 
PCB87 3.7E+00 2.9E+01 1.3E+01 1.4E+01 9.2E+00 6.3E+00 7 -0.49447 -0.14192 -0.84702 2.10982 2.88802 1.33163 0.7222 0.01546 
PCB101 4.1E+00 3.1E+01 1.1E+01 1.4E+01 9.8E+00 7.2E+00 7 -0.89374 -0.64612 -1.14137 3.10529 3.65188 2.55871 0.9451 0.0002446 
PCB105 3.7E+00 4.7E+01 1.9E+01 2.2E+01 1.5E+01 6.0E+00 7 -1.05095 -0.51015 -1.59175 3.49777 4.69148 2.30405 0.83308 0.00412 
PCB114 1.3E+00 1.3E+00 1.3E+00 1.3E+00 N/A 1.3E+00          
PCB118 1.6E+00 4.9E+01 1.6E+01 1.9E+01 1.7E+01 4.3E+00 7 -1.1964 -0.6761 -1.7167 3.75174 4.90021 2.60326 0.87481 0.00197 
PCB123 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB126 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl6 7.7E-01 3.9E+01 1.6E+01 1.8E+01 1.6E+01 7.7E-01 7 -1.47596 -0.03182 -2.9201 4.29809 7.48577 1.11041 0.57991 0.04669 
PCB128 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB138 1.2E+00 1.2E+00 1.2E+00 1.2E+00 N/A 1.2E+00          
PCB153 1.4E+00 1.1E+01 3.6E+00 4.7E+00 3.6E+00 2.7E+00 7 -0.79246 -0.46094 -1.12397 2.41699 3.14875 1.68522 0.88306 0.00166 
PCB156 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB157 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB167 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB169 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl7 1.5E+01 1.2E+02 1.9E+01 4.6E+01 4.3E+01 1.9E+01 5 -1.57541 0.70951 -3.86033 5.39484 10.81474 -0.02506 0.61611 0.11579 
PCB170 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB180 2.0E+00 1.4E+01 6.4E+00 6.8E+00 4.2E+00 3.1E+00 6 -0.72045 -0.09062 -1.35028 2.362 3.78733 0.93666 0.71604 0.03367 
PCB183 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB184 0.0E+00 0.0E+00 N/A N/A N/A N/A          
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PCB187 1.6E+00 1.8E+01 9.9E+00 1.1E+01 6.2E+00 8.4E+00 7 -0.49447 -0.14192 -0.84702 2.10982 2.88802 1.33163 0.7222 0.01546 
PCB189 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl8 1.8E+00 5.8E+00 3.8E+00 3.8E+00 2.8E+00 5.8E+00          
PCB195 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl9 3.0E+00 1.3E+05 2.3E+02 4.3E+04 7.4E+04 3.0E+00          
PCB206 2.3E+02 1.3E+05 6.4E+04 6.4E+04 9.0E+04 2.3E+02          



Cl10 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB209 0.0E+00 0.0E+00 N/A N/A N/A N/A          
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f. Leach Rate Results Post-Maximum Regression Results (log[AvgLR] = B log[time] + A)   
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tPCBs 0.0E+00 2.2E+02 7.1E+01 9.1E+01 6.1E+01 2.4E+01 13 -0.59053 -0.33261 -0.84846 3.18177 3.75688 2.60665 0.69775 3.78E-04 
Cl1 0.0E+00 0.0E+00 N/A N/A N/A N/A          
Cl2 1.8E-01 3.6E+00 5.5E-01 1.1E+00 1.3E+00 2.2E-01 7 -1.50353 -0.62246 -2.3846 1.68333 3.30537 0.06128 0.79375 0.00711 



PCB8 1.7E-01 8.6E-01 2.8E-01 3.8E-01 2.3E-01 2.2E-01 8 -0.80652 -0.71274 -0.9003 0.247 0.41094 0.08306 0.98663 <0.0001 
Cl3 5.5E-01 4.0E+00 1.0E+00 1.4E+00 1.1E+00 6.4E-01 15 -0.48509 -0.37243 -0.59774 1.00729 1.24481 0.76978 0.86939 <0.0001 



PCB18 1.2E-01 8.0E-01 4.8E-01 4.5E-01 2.3E-01 5.9E-01 12 -0.5489 -0.38657 -0.71122 0.11837 0.439 -0.20227 0.85022 <0.0001 
PCB28 1.2E-01 1.3E+00 4.0E-01 5.2E-01 3.7E-01 8.3E-01 14 -0.65391 -0.52579 -0.78203 0.84677 1.12485 0.56869 0.91155 <0.0001 



Cl4 2.2E+00 7.0E+01 2.5E+01 2.9E+01 1.9E+01 7.3E+00 13 -0.58887 -0.40067 -0.77707 2.64565 3.06529 2.22601 0.81174 <0.0001 
PCB44 1.2E+00 9.5E+00 3.4E+00 4.3E+00 2.4E+00 1.2E+00 13 -0.53613 -0.36287 -0.70938 1.76176 2.14807 1.37544 0.80832 <0.0001 
PCB49 3.8E-01 4.0E+00 1.4E+00 1.7E+00 1.0E+00 3.8E-01 13 -0.57104 -0.39939 -0.7427 1.32855 1.7113 0.9458 0.82975 <0.0001 
PCB52 2.3E+00 1.8E+01 6.9E+00 8.2E+00 4.2E+00 2.3E+00 13 -0.45673 -0.28248 -0.63098 1.82136 2.20989 1.43282 0.75159 0.00012483 
PCB66 2.3E-01 4.1E+00 1.4E+00 1.5E+00 1.1E+00 2.3E-01 13 -0.74423 -0.48763 -1.00083 1.6542 2.22636 1.08204 0.78744 <0.0001 
PCB77 1.8E-01 4.2E-01 3.0E-01 3.0E-01 1.7E-01 4.2E-01          



Cl5 1.1E+01 1.3E+02 3.9E+01 4.7E+01 3.5E+01 1.2E+01 13 -0.62147 -0.3302 -0.91274 3.00176 3.65122 2.35231 0.66721 0.00065415 
PCB87 1.5E+00 9.3E+00 3.6E+00 4.3E+00 2.4E+00 1.5E+00 13 -0.54518 -0.31221 -0.77816 1.74346 2.26294 1.22398 0.70688 0.000318 
PCB101 1.1E+00 1.5E+01 4.7E+00 5.7E+00 4.1E+00 1.5E+00 13 -0.58658 -0.34104 -0.83212 2.02151 2.569 1.47401 0.71537 0.00026925 
PCB105 1.3E-01 4.1E+00 1.5E+00 1.6E+00 1.2E+00 1.3E-01 10 -1.74254 -1.18971 -2.29536 4.05202 5.37013 2.73391 0.86849 <0.0001 
PCB114 1.1E-01 7.2E-01 2.1E-01 2.7E-01 2.3E-01 7.2E-01 6 -0.35729 0.26329 -0.97787 -0.17405 1.00875 -1.35685 0.3898 0.18518 
PCB118 2.4E-01 9.8E+00 3.6E+00 3.8E+00 3.0E+00 2.4E-01 10 -2.0065 -1.38354 -2.62946 4.97811 6.46343 3.49278 0.87335 <0.0001 
PCB123 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB126 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl6 2.7E+00 2.3E+01 7.6E+00 9.5E+00 6.6E+00 4.1E+00 11 -0.86853 -0.43737 -1.29969 2.96041 3.96938 1.95144 0.69763 0.00137 
PCB128 1.3E-01 9.8E-01 3.8E-01 4.7E-01 2.7E-01 1.3E-01 7 -1.18069 -0.66151 -1.69986 2.22976 3.42328 1.03625 0.87237 0.00207 
PCB138 2.5E-01 4.0E+00 1.2E+00 1.6E+00 1.2E+00 2.5E-01 10 -1.31471 -0.7802 -1.84923 3.14165 4.4161 1.86719 0.80085 0.00046936 
PCB153 3.3E-01 2.5E+00 1.1E+00 1.1E+00 5.7E-01 3.8E-01 10 -0.79911 -0.22102 -1.37721 1.89173 3.2701 0.51337 0.5595 0.01285 
PCB156 1.2E-01 3.2E-01 1.9E-01 2.0E-01 8.9E-02 1.2E-01 5 -0.7612 0.41895 -1.94135 0.88132 3.33959 -1.57695 0.58412 0.13242 
PCB157 3.6E-01 3.6E-01 3.6E-01 3.6E-01 N/A 3.6E-01          
PCB167 4.7E-01 7.2E-01 6.0E-01 6.0E-01 1.8E-01 4.7E-01          
PCB169 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl7 8.9E-01 1.5E+01 1.8E+00 4.0E+00 5.5E+00 8.9E-01 6 -0.42373 -0.09024 -0.75721 0.97157 1.51713 0.426 0.75676 0.02428 
PCB170 9.3E-01 9.3E-01 9.3E-01 9.3E-01 N/A 9.3E-01          
PCB180 8.9E-01 9.8E-01 9.3E-01 9.3E-01 6.4E-02 8.9E-01          
PCB183 1.2E-01 5.8E-01 3.5E-01 3.5E-01 3.2E-01 5.8E-01          
PCB184 1.6E-01 1.4E+00 2.0E-01 5.0E-01 6.3E-01 1.6E-01 4 -0.59721 0.15088 -1.34529 0.03783 0.93333 -0.85768 0.85506 0.07531 
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PCB187 1.2E-01 7.9E-01 7.7E-01 5.6E-01 3.8E-01 7.7E-01          
PCB189 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl8 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB195 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl9 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB206 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl10 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB209 0.0E+00 0.0E+00 N/A N/A N/A N/A          
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g. Leach Rate Results Post-Maximum Regression Results (log[AvgLR] = B log[time] + A)  
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tPCBs 0.0E+00 1.5E+01 4.2E+00 5.1E+00 4.0E+00 9.3E-01 14 -0.31621 -0.12201 -0.51042 1.23709 1.6336 0.84058 0.51191 4.01E-03 
Cl1 1.6E-01 4.5E-01 2.4E-01 2.6E-01 1.2E-01 1.6E-01          
Cl2 2.2E-01 1.1E+01 4.3E-01 1.6E+00 2.9E+00 2.2E-01 14 -0.5808 -0.41269 -0.74892 0.92763 1.27087 0.58439 0.82523 <0.0001 



PCB8 1.3E-01 7.6E-01 1.9E-01 2.8E-01 2.0E-01 7.6E-01 14 -0.32329 -0.24549 -0.40109 -0.11289 0.04595 -0.27173 0.87231 <0.0001 
Cl3 3.3E-01 2.7E+00 6.9E-01 8.7E-01 6.2E-01 3.5E-01 14 -0.30616 -0.23139 -0.38093 0.44707 0.59973 0.29441 0.86898 <0.0001 



PCB18 1.3E-01 9.0E-01 2.7E-01 3.2E-01 2.1E-01 9.0E-01 13 -0.35306 -0.25005 -0.45607 0.05359 0.27184 -0.16467 0.83802 <0.0001 
PCB28 1.3E-01 7.5E-01 2.9E-01 3.2E-01 2.1E-01 5.8E-01 13 -0.40695 -0.29592 -0.51798 -0.01333 0.22191 -0.24857 0.85542 <0.0001 



Cl4 1.7E-01 1.3E+00 5.3E-01 5.5E-01 3.1E-01 1.7E-01 13 -0.34787 -0.20856 -0.48718 0.35742 0.65259 0.06225 0.73305 0.00018736 
PCB44 1.2E-01 9.6E-01 4.4E-01 4.8E-01 2.8E-01 2.3E-01 11 -0.52825 -0.31195 -0.74455 -0.06303 0.42526 -0.55132 0.77228 0.00036825 
PCB49 1.2E-01 9.7E-01 2.8E-01 3.4E-01 2.4E-01 1.3E-01 14 -0.34735 -0.25221 -0.44249 -0.81993 -0.62568 -1.01418 0.84059 <0.0001 
PCB52 1.3E-01 9.2E-01 5.1E-01 4.9E-01 2.8E-01 3.6E-01 11 -0.4576 -0.25182 -0.66337 -0.17093 0.2936 -0.63546 0.73766 0.00070888 
PCB66 1.1E-01 5.6E-01 2.6E-01 2.7E-01 1.3E-01 1.1E-01 11 -0.39015 -0.1868 -0.5935 -0.97206 -0.56353 -1.38058 0.6767 0.00188 
PCB77 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl5 1.5E-01 4.5E-01 2.7E-01 2.8E-01 1.1E-01 1.8E-01 8 -0.36768 -0.02658 -0.70878 0.15408 0.87577 -0.56761 0.53693 0.03866 
PCB87 1.2E-01 9.0E-01 1.4E-01 3.2E-01 3.8E-01 9.0E-01          
PCB101 1.4E-01 3.4E-01 2.4E-01 2.4E-01 6.7E-02 1.5E-01 7 -0.41925 -0.18364 -0.65487 -0.79257 -0.31086 -1.27428 0.80711 0.00598 
PCB105 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB114 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB118 1.6E-01 2.2E-01 1.8E-01 1.9E-01 3.2E-02 1.6E-01          
PCB123 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB126 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl6 1.8E-01 5.9E-01 2.8E-01 3.2E-01 1.4E-01 1.8E-01 5 -1.07497 0.94206 -3.09199 1.35056 5.41067 -2.70954 0.48951 0.18844 
PCB128 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB138 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB153 1.3E-01 3.7E-01 2.9E-01 2.7E-01 8.6E-02 1.3E-01          
PCB156 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB157 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB167 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB169 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl7 2.5E-01 1.9E+00 5.0E-01 6.9E-01 4.9E-01 2.5E-01 8 -1.87679 -0.39319 -3.36039 4.05365 7.64829 0.45902 0.61493 0.02124 
PCB170 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB180 1.1E-01 8.1E-01 2.6E-01 3.3E-01 2.3E-01 3.7E-01 8 -1.03299 -0.47613 -1.58986 1.26151 2.55981 -0.03679 0.77446 0.00394 
PCB183 1.4E-01 3.4E-01 2.3E-01 2.4E-01 7.5E-02 2.0E-01 5 -0.47963 0.11795 -1.07721 -0.61016 0.67785 -1.89818 0.68502 0.08363 
PCB184 3.7E-01 3.7E-01 3.7E-01 3.7E-01 N/A 3.7E-01          
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PCB187 1.3E-01 7.3E-01 3.4E-01 3.5E-01 1.8E-01 1.9E-01 9 -1.5905 -0.90589 -2.27511 2.87342 4.49753 1.24932 0.81172 0.0009128 
PCB189 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl8 1.4E-01 3.9E+00 1.4E+00 1.6E+00 1.3E+00 1.4E-01 9 -1.53299 -0.76229 -2.30369 3.56422 5.39254 1.7359 0.75964 0.0022 
PCB195 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl9 2.2E-01 1.8E+00 3.8E-01 5.9E-01 5.0E-01 2.2E-01 9 -1.28334 -0.4354 -2.13128 2.4405 4.36889 0.5121 0.6466 0.00899 
PCB206 2.2E-01 1.2E+00 7.4E-01 6.6E-01 3.1E-01 4.3E-01 9 -1.71577 -1.19923 -2.23231 3.05277 4.2275 1.87805 0.8981 0.00010247 



Cl10 2.0E-01 2.9E-01 2.5E-01 2.5E-01 6.7E-02 2.0E-01          
PCB209 2.0E-01 2.9E-01 2.5E-01 2.5E-01 6.7E-02 2.0E-01          
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h. Leach Rate Results Post-Maximum Regression Results (log[AvgLR] = B log[time] + A)  
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tPCBs 0.0E+00 7.4E+00 3.7E+00 3.9E+00 2.4E+00 1.3E+00 10 -0.69812 -0.3193 -1.07695 2.18047 3.07079 1.29016 0.69301 2.80E-03 
Cl1 5.6E-01 5.6E-01 5.6E-01 5.6E-01 N/A 5.6E-01          
Cl2 1.6E-01 2.9E+00 5.6E-01 9.0E-01 7.6E-01 3.5E-01 13 -0.52423 -0.32988 -0.71857 0.91968 1.33808 0.50127 0.76215 <0.0001 



PCB8 1.3E-01 5.3E-01 1.9E-01 2.5E-01 1.3E-01 1.3E-01 12 -0.49439 -0.37624 -0.61254 0.3979 0.6613 0.13449 0.89683 <0.0001 
Cl3 5.3E-01 2.9E+00 1.1E+00 1.4E+00 7.7E-01 5.3E-01 13 -0.35314 -0.23263 -0.47365 0.80081 1.06026 0.54137 0.79088 <0.0001 



PCB18 1.6E-01 7.9E-01 3.2E-01 4.1E-01 2.0E-01 1.6E-01 12 -0.46041 -0.31633 -0.60448 0.53762 0.85884 0.21641 0.83524 <0.0001 
PCB28 1.4E-01 8.6E-01 2.8E-01 3.8E-01 2.2E-01 8.6E-01 12 -0.5632 -0.40366 -0.72274 0.61799 0.97367 0.26231 0.86086 <0.0001 



Cl4 3.6E-01 2.9E+00 1.1E+00 1.2E+00 6.9E-01 3.6E-01 10 -0.77159 -0.43537 -1.10782 1.7476 2.53779 0.95741 0.77781 0.00073547 
PCB44 1.1E-01 8.5E-01 2.3E-01 3.6E-01 2.9E-01 6.1E-01 10 -0.6337 -0.38364 -0.88376 0.52756 1.11525 -0.06012 0.8102 0.00038546 
PCB49 1.2E-01 7.7E-01 4.2E-01 4.1E-01 2.4E-01 4.5E-01 10 -0.5867 -0.43391 -0.73949 0.11905 0.4649 -0.22681 0.90742 <0.0001 
PCB52 1.2E-01 5.6E-01 1.6E-01 2.2E-01 1.2E-01 5.6E-01 10 -0.56837 -0.21962 -0.91713 0.45343 1.27306 -0.3662 0.6384 0.00556 
PCB66 1.8E-01 9.4E-01 3.5E-01 3.9E-01 2.4E-01 1.8E-01 9 -0.73831 -0.48891 -0.98771 0.17758 0.70383 -0.34868 0.87501 0.00021152 
PCB77 7.9E-01 7.9E-01 7.9E-01 7.9E-01 N/A 7.9E-01          



Cl5 2.8E-01 9.3E-01 5.8E-01 5.6E-01 2.4E-01 2.8E-01 8 -0.46223 0.63782 -4.89632 0.64238 11.68654 -2.02574 0.80851 0.00237 
PCB87 2.0E-01 2.8E-01 2.4E-01 2.4E-01 5.8E-02 2.8E-01          
PCB101 2.8E-01 8.3E-01 5.0E-01 5.2E-01 1.7E-01 2.8E-01 6 -0.52642 0.12255 -1.17539 -0.18166 1.2499 -1.61322 0.55909 0.08744 
PCB105 7.9E-01 7.9E-01 7.9E-01 7.9E-01 N/A 7.9E-01          
PCB114 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB118 2.6E-01 8.4E-01 5.5E-01 5.5E-01 4.1E-01 2.6E-01          
PCB123 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB126 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl6 2.4E-01 5.5E-01 3.3E-01 3.7E-01 1.6E-01 5.5E-01          
PCB128 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB138 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB153 1.8E-01 4.4E-01 3.3E-01 3.2E-01 1.3E-01 1.8E-01          
PCB156 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB157 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB167 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB169 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl7 1.3E-01 1.9E+00 6.1E-01 6.4E-01 4.8E-01 6.1E-01 7 -2.12925 0.63782 -4.89632 4.8304 11.68654 -2.02574 0.439 0.10484 
PCB170 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB180 4.6E-01 7.6E-01 5.5E-01 5.8E-01 1.3E-01 4.6E-01          
PCB183 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB184 0.0E+00 0.0E+00 N/A N/A N/A N/A          
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PCB187 1.5E-01 9.7E-01 2.6E-01 3.2E-01 2.3E-01 3.9E-01 5 -3.63293 -0.52573 -6.74013 8.39912 16.28719 0.51104 0.82191 0.03379 
PCB189 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl8 2.3E-01 1.4E+00 3.4E-01 5.7E-01 4.0E-01 5.9E-01          
PCB195 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl9 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB206 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl10 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB209 0.0E+00 0.0E+00 N/A N/A N/A N/A          
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i. Leach Rate Results Post-Maximum Regression Results (log[AvgLR] = B log[time]  A)  
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tPCBs 0.0E+00 3.1E+00 9.5E-01 9.5E-01 9.1E-01 6.2E-02 14 -0.57148 -0.15908 -0.98388 0.8245 1.68313 -0.03414 0.43171 1.07E-02 
Cl1 0.0E+00 0.0E+00 N/A N/A N/A N/A          
Cl2 0.0E+00 0.0E+00 N/A N/A N/A N/A          



PCB8 0.0E+00 0.0E+00 N/A N/A N/A N/A          
Cl3 1.1E-01 1.1E-01 1.1E-01 1.1E-01 N/A 1.1E-01          



PCB18 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB28 1.8E-01 1.8E-01 1.8E-01 1.8E-01 N/A 1.8E-01          



Cl4 1.2E-01 6.2E-01 2.4E-01 3.2E-01 1.9E-01 6.2E-01 13 -0.49601 -0.22643 -0.7656 0.14484 0.72731 -0.43762 0.59853 0.00192 
PCB44 1.4E-01 4.8E-01 2.8E-01 2.9E-01 1.1E-01 1.4E-01 6 -0.31476 -0.08735 -0.54216 -0.89169 -0.39419 -1.3892 0.78687 0.01841 
PCB49 1.3E-01 7.4E-01 2.6E-01 3.5E-01 2.8E-01 1.9E-01 4 -0.65642 -0.38292 -0.92991 -0.59664 -0.15142 -1.04186 0.98159 0.00925 
PCB52 1.8E-01 9.9E-01 4.8E-01 5.2E-01 1.9E-01 1.8E-01 13 -0.24361 -0.12207 -0.36514 -0.81293 -0.55034 -1.07552 0.63891 0.00104 
PCB66 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB77 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl5 2.9E-01 9.6E-01 6.7E-01 6.5E-01 2.0E-01 6.7E-01 9 -0.57035 0.30373 -1.44442 0.86565 2.71145 -0.98014 0.25379 0.16675 
PCB87 3.4E-01 4.9E-01 3.6E-01 3.8E-01 5.7E-02 3.5E-01 6 -0.17407 -0.04416 -0.30398 -1.10244 -0.85487 -1.35001 0.77578 0.02047 
PCB101 2.7E-01 8.6E-01 6.1E-01 5.9E-01 1.8E-01 2.7E-01 8 -0.29445 -0.06825 -0.52066 -0.66416 -0.20045 -1.12787 0.62837 0.01895 
PCB105 1.5E-01 2.6E-01 2.1E-01 2.1E-01 4.3E-02 1.5E-01 4 -0.19137 0.07519 -0.45793 -1.33832 -0.83485 -1.84179 0.82672 0.09076 
PCB114 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB118 3.6E-01 5.4E-01 4.2E-01 4.3E-01 6.3E-02 3.6E-01          
PCB123 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB126 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl6 3.5E-01 5.7E-01 4.8E-01 4.7E-01 1.1E-01 3.5E-01          
PCB128 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB138 2.7E-01 5.4E-01 3.4E-01 3.7E-01 1.0E-01 2.7E-01          
PCB153 3.0E-01 5.4E-01 5.2E-01 4.6E-01 1.0E-01 4.1E-01          
PCB156 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB157 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB167 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB169 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl7 4.0E-01 3.9E+00 5.7E-01 1.6E+00 2.0E+00 4.0E-01          
PCB170 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB180 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB183 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB184 4.5E-01 8.7E-01 5.3E-01 6.2E-01 2.2E-01 4.5E-01          
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PCB187 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB189 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl8 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB195 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl9 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB206 0.0E+00 0.0E+00 N/A N/A N/A N/A          



Cl10 0.0E+00 0.0E+00 N/A N/A N/A N/A          
PCB209 0.0E+00 0.0E+00 N/A N/A N/A N/A          
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5. CONCLUSIONS AND RECOMMENDATIONS 



5.1. LEACHING RESULTS DISCUSSION 



Leaching data were collected for a group of representative solid materials that commonly 
contain PCBs in shipboard components onboard older, out-of-service surface vessels and 
submarines. These PCBs in solid materials (PCBs-ISM) have been shown to leach very slowly 
over time under laboratory-simulated, shallow-water conditions expected in typical coastal/reef 
environments. The test conditions used organic-free artificial seawater at a representative pH of 
8.1, a salinity of 35 psu, ambient hydrostatic pressure (~1 bar) to approximate shallow depths 
(<50 meters), 25°C temperature, and gentle mixing to simulate dynamic flow. Leaching 
experiments were designed to avoid any effects caused by unintentional PCB saturation in 
seawater, organic particulate sorptive processes, or biological processes (uptake/metabolism/ 
bioaccumulation of PCBs).  



The solids tested included Aroclor® 1254 (A1254) and solids containing A1254: black rubber 
pipe hanger liner (BRPHL), electrical cable (EC), foam rubber/Ensolite® (FRE), in addition to 
Aroclor® 1268 (A1268) and solids that contained A1268 or A1268 and A1254: bulkhead 
insulation (BHI), Felt gasket/inner (FGI), Felt gasket/outer (FGO), and aluminized paint (AP). 
Shipboard solids were tested mostly intact intact, except for paint chips, to simulate what would 
occur in a compartment onboard a sunken vessel. Field samples were deliberately chosen with 
high tPCB shipboard solid concentrations to ensure detection of leaching concentrations. Such 
high solid concentrations represent an upper limit rather than an average or mean concentration, 
and are typically only found in a very small fraction of PCBs-ISM onboard decommissioned 
vessels that exist presently.  



The reasons for testing neat Aroclors® were threefold: (1) these Aroclors® are the most 
common types found on vessels as PCBs-ISM, (2) they were the two primary Aroclors® 
identified in the specific shipboard solids tested, and (3) the neat Aroclors® represent the worst 
case for a release scenario, PCB dissolution uninhibited by a shipboard solid matrix, allowing 
their use as positive analytical controls (maximum PCB concentration observable in seawater 
from A1254 or A1268 sources) for the shipboard solid leaching experiments.  



For all experiments, PCBs were measured in the seawater leachate as a function of exposure 
time as part of a leaching time series. The analytes chosen for study represent environmentally 
significant PCBs in terms of their toxicological impact and persistence from an ecological and 
human health perspective. In addition, a true measure of tPCBs was preferred over the conven-
tional estimated (calculated) tPCBs. To accomplish this goal, each level of PCB chlorination 
(homolog group) was measured, and these were then summed to provide an empirical tPCB 
value.  



All PCB analytes measured during leaching (31 congeners, 10 homologs, and sum of 
homologs for tPCBs) include those evaluated in other studies concerning using decommissioned 
Navy vessels for artificial reefs2, 3 and deep-ocean studies (26 congeners, 10 homologs for 
tPCBs).6 The leaching data reported in this study focus on the former shallow/reef scenario 
(warm-temperature/low-pressure). A concurrent leach rate study focused on evaluating these 
shipboard solids in a deep-ocean scenario (low-temperature and high-pressure) will be the 
subject of a future report.7 Some leach rate data from that effort have been summarized in 
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Appendix E to compare with data from this study to show the leaching dependence on tempera-
ture and to demonstrate potential for use as an experimental data replicate.  



Average leach rates calculated from seawater concentrations during leaching experiments 
correspond directly to the change in analyte concentration over individual leaching- or exposure-
time increments. These leach rates are not instantaneous leach rates; the calculated leach rates 
correspond to a rate averaged over the time between adjacent sample collections (batch sampling 
interval). In all leaching experiments, for all solids tested, leach rate curves were generated 
across the entire leaching experiment timeframe or leaching series to show the change in leach 
rate with time, a behavior driven by depletion of PCBs at the seawater–solid interface as leaching 
occurs, and by changes expected in the amount of surface area defined by that seawater–solid 
interface as a function of exposure time. As a result, some leaching curves exhibited a period 
characterized by sometimes erratic initial release behaviors before reaching a maximum rate. All 
of the leach rate curves did exhibit an increase up to some maximum rate, followed by a slow, 
monotonically decreasing rate with time. This latter decreasing portion of the curve was suitable 
for curve-fitting and for extrapolation out to very long leaching times to determine if the leaching 
behavior would continue to decrease. Arguably, some portion of PCBs in shipboard solids 
should be strongly and irreversibly bound, particularly if the solids are organic or polymeric13 
(Cseh et al., 1989). However, as a conservative approximation, one can assume that all PCBs in 
the solid are available for leaching.  



5.1.1. Leach Rate Temperature Dependence 



As indicated previously, we began a concurrent effort to evaluate the leaching behavior  
of the shipboard solids at high hydrostatic pressures (>300 bar) and low temperatures (4°C)  
to simulate a deep-ocean sinking scenario. As part of that effort and to maximize comparability 
with this study, the shipboard solids evaluated were also tested at low temperature (4°C) and 
ambient pressure (1 bar). Those leach rate results are included in Appendix E for all analytes  
in Table 4 and Table 5 (congeners, homologs, homolog-derived tPCBs) as a function of time. 
These low-temperature leach rate data are applicable to this study and effectively demonstrate 
the behavior of leach rates as a function of temperature in a shallow-water leaching scenario. 
Low-temperature leach rates are summarized in Figure 68 for comparing homolog-derived tPCB 
leaching behavior as a function of temperature and leaching time at ambient pressure (1 bar).  
In general, leach rates were lower at reduced temperature, as one would expect from thermody-
namic (solubility) considerations. Initial kinetics also appeared somewhat suppressed for many 
solids, as indicated by a more gradual or sluggish leach rate increase up to the maximum low-
temperature leach rate. The post-maximum leach rate decrease for all solids tested at low 
temperature are generally slower relative to what is observed at 25°C, exhibiting flatter, more 
gradual monotonically decreasing leach rates as a function of time. This slow decrease  
is probably related to less PCB depletion with time at the seawater–solid interface as leaching 



                                                 
13 Wool felt, for example is a natural fiber similar to silk. It is a polypeptide composed of a polyamide backbone 
containing sidechains of amino acid residues. PCBs in wool felt and other polymeric materials are likely contained 
within the polymer molecular matrix as a result of being incorporated during formulation or by transport caused by 
PCB migration (absorption). Conversely, a material such as bulkhead insulation is composed of inorganic glass 
fibers and PCBs associated with this material and are expected to be present at the surface of the fibers rather than 
within the glass-fiber molecular matrix itself. 
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into the seawater progressed. Temperature appears to affect leach rates for shipboard solids  
to a greater extent than the neat solid Aroclors®. 
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Figure 68. Comparison of tPCB average leach rates at ambient pressure (~1 bar) and (a) 25oC, to tPCB 
average leach rates at (b) 4oC for the suite of shipboard solid tested. 
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5.1.2.   Leachate Saturation Evaluation To evaluate the leachate results against Aroclors® as 
analytical controls, the maximum concentrations observed in each shipboard solid leaching 
experiment are compared to the corresponding maximum concentrations observed for Aroclor® 
1254 and Aroclor® 1268 dissolution experiments (Table 11). Also shown is the maximum 
observed tPCBs concentration in a single sample (calculated as sum of homologs). For compar-
ison as a potential upper experimental limit (effective saturation), the sum of the homolog 
maxima across all leachate samples is shown for each dissolution and shipboard solid 
experiment.  



All tPCB concentrations in shipboard solids are lower than A1254 and A1258, demonstrating 
that the goal of the study design was achieved. Upon close inspection of Table 11, most analyses 
are indeed lower, but on an analyte basis instead of a tPCBs basis, a small number of the homo-
logs and congeners that comprise the tPCBs number (generally Cl7 and above), are higher for the 
shipboard solid leaching experiments. In samples where a particular analyte in the shipboard 
solid experiment was higher, the value is shown in Table 11 with parentheses, and double 
parentheses further indicating which of these were J-flagged/estimated below MRL.  



The rationale for why this was observed includes one or more of the following:  



1. Concentration was a very low value near the detection limit with high uncertainty. 



2. Concentration of that analyte was not measurable above the minimum detection limit  
 in the neat Aroclor® and therefore the effective Aroclor® saturation limit could not be 
 determined satisfactorily. 



3. Differences in analyte concentrations were within the expected analytical precision of each 
 other. 



4. Concentration could not be explained using the Aroclor® results reported here, which 
 assumes the leachable PCBs are distributed similar to the bulk Aroclor® PCB distribution. 



Item 4 suggests localized regions of readily leachable PCBs at the interface (SASA). All maxima 
in the Aroclor® experiments represent the effective saturation limit for that particular PCB 
analyte originating from Aroclor® in seawater. Those concentration maxima in shipboard solids 
below the Aroclor® maxima have the least uncertainty for leaching below the effective saturation 
limit for the Aroclor® it contains. The most concentrated sample in each shipboard solid experi-
ment that lies above the Aroclor® maxima would be considered the samples with the most 
uncertainty, i.e., that particular sample could be approaching a potential saturation limit for that 
analyte, meaning suppression is a possibility. This assumption cannot be confirmed without 
having performed an experiment under the same conditions for that specific analyte (homolog or 
congener instead of using an Aroclor® selected to match the bulk PCB distribution as was done 
in this study). Leach rates derived from the highest concentration values, in those samples only, 
could potentially have been influenced by saturation of that analyte in the solution. The impact of 
these individual leach rate values on the overall empirical leach rate curve behaviors is minimal, 
and none of the suggested long-term leach rate values were affected (observed leachate concen-
tration maxima did not correspond to the endpoints of leach rate curves). Note that samples 
exhibiting maximum concentrations did not generally correspond to the maximum leach rates 
because the leach rates, by definition, are related to change in concentration as a function of time 
(time over which a concentration change occurs), not simply the concentration magnitude.  
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Table 11. Comparison of leaching experiment concentration maxima. Those analyte concentration maxima 
for shipboard leaching samples that were higher than that for A1254 or A1268 are indicated in 
parentheses, with double parentheses further indicating which of these maxima were J-flagged (estimat-
ed/below MRL). Most of the shipboard solid analyte maxima greater than Aroclor® maxima occur for the 
higher order chlorinated PCBs. Maxima that were non-detects are indicated as zero, meaning the analyte 
was never detected in the leaching or dissolution experiment. The maximum tPCBs concentration in any 
single sample is included as sum of homologs. A summation of all maximum homolog values across all 
samples is also included, which represents the reasonable maximum tPCBs concentration one might 
expect for a material containing A1254 and A1268, if tested under the leaching conditions of the study. 
See discussion in the text above for further explanation of the significance of these tabulated observations.  



 
ng/L 



A1254 
MAX 
Value 



A1268 
MAX 
Value 



 
EC MAX 



Value 



FGI 
MAX 
Value 



FGO 
MAX 
Value 



BHI 
MAX 
Value 



 
AP MAX 



Value 



BRPHL  
MAX 
Value 



FRE 
MAX 
Value 



tPCBs 16051 9118 173 729 230 3944 84 226 828 
Cl1–10 
(Max  
Sum) 



16229 10027 276 1010 308 3959 94 297 879 



Cl1 100 33 0 6.1 2.4 0 0 18 0 
Cl2 330 1100 47 140 33 14 0 44 24 
PCB8 140 630 0 26 11 1 0 2.1 4 
Cl3 330 4800 1.9 110 58 20 2.1 46 17 
PCB18 120 1400 0.41 32 18 2.1 0 2.8 3.4 
PCB28 110 1300 1.5 20 14 7.3 0.34 8.2 4.3 
Cl4 5900 3500 53 71 58 870 13 94 250 
PCB44 820 530 8.2 9.8 7.1 120 1.6 14 48 
PCB49 410 260 3 3.9 3.6 36 0.62 5.8 13 
PCB52 1800 500 18 10 8 200 3.1 27 79 
PCB66 200 250 2.3 3.1 3 44 0 3 10 
PCB77 1.4 61 1.5 0 1.1 0.82 0 0 0 
Cl5 8300 350 120 39 27 2400 43 86 420 
PCB87 620 21 6.6 1.9 1.2 140 1.9 4.3 30 
PCB101 1000 22 10 3.1 2.4 240 3.3 8 51 
PCB105 200 36 3 0 1.1 66 1.1 2 16 
PCB114 8.4 2.2 0 0 0 3.1 0 0 1 
PCB118 440 26 6.5 2 1.3 170 2.4 4.7 33 
PCB123 14 0 0 0 0 0 0 0 0 
PCB126 0 0 0 0 0 0 0 0 0 
Cl6 1200 44 40 32 24 610 28 0 140 
PCB128 47 0 2.3 0 0 16 0 0 4.9 
PCB138 210 2.1 2.9 0 0 78 2.4 0 17 
PCB153 220 7.3 3 4.1 1.9 42 2.9 0 15 
PCB156 11 0 0 0 0 6.5 0 0 2.6 
PCB157 1.4 0 0 0 0 0.84 0 0 0 
PCB167 4 0 0 0 0 2 0 0 0 
PCB169 0 0 0 0 0 0 0 0 0 
Cl7 69 180 8.9 130 47 45 7.4 9.3 28 
PCB170 0 0 0 0 0 ((2.5)) 0 0 0 
PCB180 4 12 0 (18) 3.3 2.7 0 0 0 
PCB183 0 0 0 (3.2) 0 ((1.6)) 0 0 0 
PCB184 0 0 (0.72) (0.58) 0 (0.95) ((0.85)) ((1.1)) ((0.81)) 
PCB187 0 17 0 (41) 12 2.2 0 0 0 
PCB189 0 0 0 0 0 0 0 0 0 
Cl8 0 10 0 (350) (59) 0 0 0 0 
PCB195 0 0 0 0 0 0 0 0 0 
Cl9 0 9.7 2.5 (130) 0 0 0 0 0 
PCB206 0 9.6 1.6 (87) 0 0 0 0 0 
PCB209 0 0 ((1.4)) ((2.1)) 0 0 0 0 0 
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5.2. LEACH RATE STUDY UNCERTAINTY AND CONFIDENCE IN LEACH RATE STUDY 
RESULTS 



This section describes the leach rate study through built-in conservatisms, uncertainties/ 
limitations, and caveats. This description provides an adequate level of confidence in the 
leaching results to objectively select aspects of the leach rate study results that are applicable to 
any potential application. The following discussion focuses on different components of the leach 
rate study to provide a reasonably comprehensive summary of critical issues in study design/ 
approach, shipboard solids containing PCBs, analytical chemistry, leach rate results, and leach 
rate uses/applications. With the exception of analytical chemistry, many issues are not readily 
quantified, but will be presented in a quantitative manner whenever possible, if necessary,  
by using reasonable assumptions to estimate any potential impacts.  



5.2.1. Leach Rate Study Design/Approach 



Before this study, information did not exist to describe the leaching behavior of shipboard 
solid materials. Consequently, the approach was limited in scope to empirically determine 
baseline-leaching characteristics for unknown leaching behaviors of unknown magnitudes  
for unknown PCB congeners from complex mixtures of PCBs (Aroclors®) in solid material 
matrices under abiotic conditions. This study was also temporally constrained to evaluate 
leaching in the shortest amount of time required to provide adequate analytical results for all 
PCB analytes of interest over an unknown period of release (months to years). This effort sought 
to characterize as many leaching processes for as many types of shipboard solids and analytes 
possible, and with maximum overlap with known PCB source compositions. Performing leach-
ing tests under abiotic conditions reduces numbers and types, increases the defensibility  
of selected variable dependencies in the simulated environment, and also allows for significant 
control and QA/QC of fundamental parameters.  



Given these very ambitious experimental goals, the leach rate study was not designed to 
address any site-specific effects such as partitioning equilibria, localized static conditions  
in reef environments, degradation processes and rates, or influences of biotic processes on leach 
rates. Although these types of processes can be important processes in natural environments, the 
leaching study was designed to empirically characterize the conservative process of release 
uninhibited by external processes and attenuated only by the shipboard solid matrix. This design 
required the simulation of completely advective conditions, meaning no suppression of leaching, 
a very conservative approach, considering that most PCB-containing shipboard materials reside 
inside the vessel hulk and would be protected from advective currents. (An evaluation of how 
well this simulation was accomplished is included in Subsection 5.2.5) The empirical study was 
limited to what is known and could be parameterized; data are evaluated in the context of the 
empirical study, and potential effects of shipboard material degradation were subsequently 
addressed in the context of uncertainty. 



Secondary effects from processes such as biotic or physical degradation in natural environ-
ments are considered part of the site-specific scenario that would typically be addressed as a 
component or bounding assumption at the end-use/application, e.g., artificial reef characteristics 
for risk assessment.  These degradation processes should exert only a minimal impact on the 
leaching behaviors of shipboard solid materials as the following analysis demonstrates.   
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5.2.2. Potential Degradation—Bounding Analysis 



A bounding analysis was performed and is presented below for an example shipboard solid 
(FRE) to estimate the potential effect of degradation on the leaching curve magnitude. In this 
analysis, a single initial piece of solid was allowed to degrade with time to produce a porous 
solid. From the surface area perspective, this process is conceptually similar to producing a 
porous solid (envisioned as a highly localized hydrodynamically isolated assemblage of many, 
much smaller particulates) with an increased surface area defined by particle size. This treatment 
was used to estimate an effective upper bound for leach rates in a general context, using only the 
scalar effect of surface area, deliberately not including other possible dependencies and effects 
expected to be minimized under the expected reef conditions.  



An effective or functional surface area dependence (see Equation 7) is used in this evaluation 
to provide a solution that is applicable to the hypothetical perturbation of an expected leach rate 
for a realistic leaching scenario under realistic artificial reef conditions instead of the conserva-
tively biased conditions under which the leaching experiments have been initially conducted. 
Admittedly, the leach rate study sought to quantify leaching behaviors that are inherently 
dependent upon leaching surface area, though unable to evaluate/quantify the surface area 
parameters. In the leaching study timeframe, the effect of surface area on leaching was only 
captured as part of the measured macroscopic release of PCBs; it was not explicitly quantified. 
However, it is unlikely that quantitation of active leaching surface area alone would have been 
sufficient to adequately address potential degradation issues and related effects. Such an assess-
ment would still require a detailed understanding of the microscopic/molecular properties of the 
system as a function of systematically varied leaching conditions. The elucidation of micro-
scopic/molecular properties for PCB-containing materials was beyond the scope of this initial 
leach rate study because we used an experimental approach that focused on macroscopic proper-
ties under simulated conditions unlike that generally expected in an actual reefing scenario. This 
was part of the experimental design to overestimate the magnitude of leach rate relative to a true 
leaching scenario and provide a conservative estimate of the macroscopic physical environment 
in which the shipboard solid would reside.  



An increase in surface area caused by degradation would be expected to occur largely within 
the material, initially starting from the outer macroscopic surface, and progressing inward at 
microscopic (pore) scales. For a porous solid, particularly in a hydrodynamically isolated envi-
ronment such as might be expected in the bowels of a vessel (minimal or no dispersion), the 
fluid-filled pores of a shipboard solid would be expected to be relatively stagnant. In this 
scenario, transport of PCBs from newly formed degraded surface areas inside the solid would  
be limited by diffusion through the pore fluid in the innermost regions to the outermost regions 
and would eventually be advected away at the pore openings on the outer surface of the solid. 
We expected that this diffusive behavior would also inhibit and control the release and transport 
of PCBs diffusing through the depletion layer expected to form at the inner pore interfaces. 
Concurrently, we expected degradation to originate at the outermost portion of the developing 
porous solid where the surfaces would be most depleted, leading to a lower magnitude leaching 
behavior for PCBs in exfoliated particulates. It is important to note that exfoliation is unlikely to 
occur spontaneously, i.e., the process of exfoliation would probably require physical damage/ 
perturbation to produce particulates. Ultimately, the degradation process would be expected to 
occur over significantly long time periods (minimally, many decades to several centuries), given 
the inherent resistances of xenobiotic (man-made) materials to degradation and persistence of 
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materials such as plastics and polymers in the marine environment (Alexander, 1981; Andrady, 
2000; Atlas and Bartha, 1998; Colton, Knapp, and Burns, 1974; Cundell, 1974; Gregory and 
Andrady, 2003; Heap and Morrell, 1968; Hetherington et al., 2005; Paustian, 1998; Pruter, 1987; 
The Ocean Conservatory and U.S. Environmental Protection Agency, 1993; U.S. Environmental 
Protection Agency, 1991b). 



While the knowledge and treatment of leaching surface area is limited, the following is 
considered a reasonable treatment of degradation for the available data, physical model, and site-
specifics for a reef environment. In this degradation scenario, the potential effects of increasing 
pore surface area were evaluated by considering the dynamics of a hypothetical assemblage of 
hydrodynamically isolated (no fluid dispersion) localized particulates. These particulates were 
representative of a porous degraded solid. In the absence of quantitative microscopic and mole-
cular descriptors to accurately describe the behavior at the surfaces formed within the pores of 
the solid as degradation proceeds, this functional model was used to estimate an upper limit for 
the combined effects of the new diffusive behaviors that would be associated with a newly 
formed surface area in the internal pores. These effects were approximated using the observed 
bulk macroscopic diffusive behavior (empirical leach rates) applied to the expected incremental 
surface area increase, over realistic degradation timeframes, to conservatively represent the 
upper bound for an incremental increase in macroscopic leach rate. This approach was used to 
represent a porous solid produced by degradative means at conditions under which properties 
that control microscopic inner pore structure diffusion parameters (e.g., diffusion pathlength/ 
depletion layer, hydrodynamically isolated/minimal or no pore fluid dispersion, fluid satura-
tion/diffusion, and magnitude of exfoliated particulate leaching) were considered very small or 
minimal, and thus deliberately not included.  



As will become apparent, these results are generally applicable to any shipboard solid leaching 
curve, and for any analyte. The underlying premise is that a shipboard solid, possessing a given 
leaching behavior related to the surface area defined by the seawater leachate exposure can be 
adjusted to reflect a-% change (increase) in that surface area over various choices for particle 
production and total degradation time. The assumption is that a small particle will behave like a 
large particle under the isolated/stagnant conditions described above, and an assemblage of small 
particles with the same total mass as one large particle will possess a higher surface area and thus 
potentially release at a higher rate.  



To begin this analysis, we assume a generic piece of shipboard solid such as FRE to be of size 
1 cm x 1 cm x 1 cm, with empirically observed leach rates in units of ng PCB/g-shipboard solid-
day, and allow that single piece of FRE to degrade into an increasingly larger number of local-
ized hydrodynamically isolated particles (simulating a porous solid). These particulates represent 
the formation of new surface area that can be quantified from an analysis of percent increase in 
surface area of a geometric surface area and volume calculated for the original 1-cm3 particle as 
compared to the corresponding surface areas and volumes for the degradation particles. This 
percent increase can subsequently be normalized to how long such a process might occur, and 
then the incremental surface area increase (per unit time) can be applied to the empirical leach 
rates (curve) to calculate the incremental increase in leach rate corresponding to the smaller 
particles with increasingly larger surface areas with time. This analysis maintains conservation of 
mass, and as a result, the mass of the initial piece of FRE is equivalent to the sum of the masses 
of all smaller degradation particulates of FRE. This effectively results in the percent increase in 
surface area translating to a decrease in mass per unit surface area, and ultimately this translates 
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into an increased leach rate because the mass per unit surface area is in the denominator of the 
leach rate expression. This can be most easily understood by performing a unit analysis of the 
following equation and applying varied surface area increases (as a function of particle number 
increase, resulting particle size decrease) to the Table 12  shipboard solid leach rate results for 
the example (FRE) using the analysis presented in Table 12. Equation 7 expresses the shipboard 
solid-specific, mass-normalized leach rate to a corresponding shipboard solid-specific, mass-per-
unit, leaching-surface-area-normalized leach rate by dividing the former by the seawater acces-
sible surface area (SASA) as unity (1 unit of active surface area), independent of geometric units. 
This equation indicates that the reported mass-normalized rate relies on the surface area implicit-
ly, which contributes to the observed/measured value, and the leach rate can be expressed in 
active-surface area units (units of SASA), despite not having quantified the SASA in geometric 
units (e.g., cm2, etc.). As the number of particles/time increases and particle size/time decreases, 
the SASA/time increases. It is relatively straightforward to adjust the SASA unit factor in the 
equation while keeping the total mass of the shipboard solid constant to accommodate such an 
increase in SASA/time to see the effect on a range of leach rates. Table 12 uses this type of 
analysis to perform bounding calculations at different degradation rates (over variable degrada-
tion times, with decreased particle sizes/increased particle numbers/increased SASA). 



Equation 7. 
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In this equation, AvgLR(implicit) represents the inherent functional dependence on surface 
area and is calculated in a manner similar to Equation 5, but instead of normalizing only to mass 
(MS), the AvgLR is normalized to mass per unit of seawater accessible surface area (MS/SASA). 
The units in this functional form are ng PCB/(g shipboard solid/1 SASA unit)-day.  
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Table 12(A and B). Bounding analysis for potential incremental increases in leaching surface area as a function of particle formation.  As described in the 
text, this analysis starts with a sample of shipboard solid material (e.g., FRE with the empirical tPCB leach rate curve values included below), and  
in (A) Cases 1 and 2, beginning with a known size, assumes degradation into a porous solid simulated by small particle numbers and sizes over realistic 
time periods to derive %-increases in surface areas from such a process. These calculated % increases in surface area are then applied to the FRE 
leach rates in (B) for Cases 1 and 2 in (A) over timeframes that the degradation process is expected to take place: (1) and (2a) 200 years, (2b) 100 
years, (2c) 50 years to calculate the increase in release from the new surface area associated with the new, smaller particles. This data treatment is non-
dimensional (x-units), that is, the increase in leach rate is based on a %-increase in surface area, that is based on a %-decrease in particle size, and 
increase in the number of particles. The treatment is mass-independent and can be applied to any shipboard solid leach rate for any PCB analyte 
reported in this study, as the increase in leaching calculation is simply a scalar multiplier.   



(A) 



Original Solid Material    
a b c  
1 1 1 x-units 
SA 6 x-units^2  
Volume 1 x-units^3  
Corners Edges Faces  
8 12 6  



 
Case 1: New, 100X Smaller 
Materials (Particles) 



   



a' b' c'  
0.01 0.01 0.01 x-units 
SA' 0.0006 x-units^2  
Volume' 0.000001 x-units^3  
Corner particles Edge particles Face particles All Partially External Particles 
8 96 57576 57680 
Volume of Fully Internal 
Particles (x-units^3) 



# of Fully Internal Particles Equiv # of Fully External 
Particles 



Volume of Fully External 
Particles (x-units^3) 



0.990368 990368 9632 0.009632 
SA of New Particles (Added SA) 
(x-units^2) 



Fractional Increase in SA from 
Original 



Increase in New Particles from 
Original 



 



594.2208 99.0368 -fold 1.00E+06 -fold  
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Case 2: New, 1000X Smaller 
Materials (Particles) 



   



a' b' c'  
0.001 0.001 0.001 x-units 
SA' 0.000006 x-units^2  
Volume' 0.000000001 x-units^3  
Corner particles Edge particles Face particles All Partially External Particles 
8 96 5975976 5976080 
Volume of Fully Internal 
Particles (x-units^3) 



# of Fully Internal Particles Equiv # of Fully External 
Particles 



Volume of Fully External 
Particles (x-units^3) 



0.999003968 999003968 996032 0.000996032 
SA of New Particles (Added SA) 
(x-units^2) 



Fractional Increase in SA from 
Original 



Increase in New Particles from 
Original 



 



5994.023808 999.003968 -fold 1.00E+09 -fold  
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(B) 
 
 
FRE 



Leaching 
Time t 
(days) 



0.007 1.099 7.022 21.077 42.045 71.237 105.078 147.083 189.026 231 273.122 315.039 357.003 399.019 469.032 



 delta-t 0.007 1.092 5.923 14.055 20.968 29.192 33.841 42.005 41.943 41.974 42.122 41.917 41.964 42.016 70.013 
AvgLR 
[ng 
PCBs/g 
SS-day] 



tPCBs 0 9.5 1.0 1.3 9.1 8.2 7.3 7.0 5.7 6.1 4.2 3.7 2.9 3.2 1.9 



Case 1) 73000 days (200 years) SA Increase Timeframe                



Additional Release 
AvgLR incl SA 
increase timeframe 
(x 10-2) 



 0 1.3 1.4 1.8 1.2 1.1 0.99 0.95 0.77 0.83 0.57 0.50 0.39 0.43 0.26 



Case 2a) 73000 days (200 years) SA Increase Timeframe                



Additional Release 
AvgLR incl SA 
increase timeframe 
(x 10-2) 



  13 14 18 13 11 10 9.6 7.8 8.4 5.8 5.1 4.0 4.4 2.6 



Case 2b) 36500 days (100 years) SA Increase Timeframe                



Additional Release 
AvgLR incl SA 
increase timeframe 
(x 10-1) 



 0 2.6 2.7 3. 6 2.5 2.2 2.0 1.9 1.6 1. 7 1.2 1.0 0.79 0.88 0.52 



Case 2c) 18250 days (50 years) SA Increase Timeframe                



Additional Release 
AvgLR incl SA 
increase timeframe 
(x 10-1) 



 0 5.2 5.5 7.1 5.0 4.5 4.0 3.8 3.1 3.3 2.3 2.0 1.6 1.8 1.0 



 











 



 
 



209



5.2.3. Potential Effects of Biotic Processes on Leach Rates 



This study was made feasible by using a simple conceptual model that limited the scope to 
controllable abiotic conditions over a relatively short period of time (<2 years). The potential 
effect(s) of biotic processes on the materials in this study was considered to be much less 
important during this short-term empirically determined release, before the majority of biotic 
processes could occur. Additionally, the influence of biotic processes is expected to be of much 
lower magnitude relative to the empirically determined initial release, and potentially in a 
positive or negative direction, i.e., opposite modes of action by biotic organisms such as PCB 
degradation or SASA blocking by organisms, vice shipboard solid degradation as demonstrated 
above, resulting in decreases and increases in effective PCB leach rate, but with a smaller 
magnitude relative to the early release.   



Biological factors such as biofouling and encrustation could influence the long-term release 
of PCBs from shipboard solids in an artificial reef setting. The laboratory leach rate study did not 
address such issues empirically because of inherent difficulties with experimental complexities, 
concerns with data interpretability, and subsequent applicability of results to site-specific reef 
environments. Clearly, biological factors are an uncertainty; however, one can speculate very 
generally about the possible effects of biological organisms on leaching, including, but not 
limited to the following: 



• Potentially enhanced release caused by an increase in leaching surface area. 



• Potentially decreased leaching caused by protection of the leaching surface from 
seawater by marine organic/biological matter and enhanced sorption of PCBs from the 
aqueous phase.  



For antifouling paints in marine environments, a decreased leach rate caused by biofilm 
presence has been observed for organometallic and inorganic contaminants leaching into 
seawater (Caprari, Slutzky, Pessi, and Rascio, 1986; Haslbeck et al., 2000; Mihm and Loeb, 
1988; Schatzberg, 1996; Seligman et al., 2001; Thomas, Raymond, Chadwick, and Waldock, 
1999; Valkirs, Seligman, Haslbeck, and Caso, 2003). Some of the literature also indicates 
sequestration by lipids as PCBs in water pass through membranes in cell walls of various types 
of microbial organisms (Kujawinski, Farrington, and Moffett, 2000). Such a process could 
decrease the concentration of PCBs in seawater near the leaching surface, thus potentially 
enhancing the release by increasing the concentration difference between the solid and seawater. 
Conversely, PCB sorption into an extra-cellular matrix (biopolymer) and/or organic/biological 
matter (e.g., previously suspended in water column) (Baier, 1984; Little, 1984; Mitchell and 
Kirchman, 1984; White and Benson, 1984)in intimate contact with the leaching surface could 
also inhibit the release. We reasonably expected that the presence of such materials at the SASA 
might provide a significant diffusional barrier to direct exposure over the residence time or 
lifetime of the microbial population prior to the onset of higher order colonization in the 
macrofouling organism settlement/long-term encrustation process. Such diffusional barrier 
mechanisms could also contribute to decreases in PCB leach rates that might occur in a manner 
analogous to that for antifouling coatings.   



Since biotic processes leading to degradation are not instantaneous/short-term processes, as 
noted in the bounding analysis above, the empirical leach rates in the study timeframe should 
closely reflect the initial 1 to 2 years of release. Of primary importance/concern is what one 











 



 
 



210



chooses to use as a long-term leach rate. The long-term AvgLR could be affected by biotic or 
physical degradation conditions, although the magnitude of such an effect would be 
comparatively small as shown in Table 12.   



These factors were considered during the experimental design phase and are also reflected  
in the suggested applicability/use of the empirical results. Specifically, it is not advisable  
to adopt and use an extrapolated curve leach rate value beyond ~2-years as a long-term  
(>>2 years) leach rate value without first evaluating the 95% UCL and UPI). Extrapolated data 
beyond ~2-years are only used in this study to demonstrate that the statistical upper limits of 
regressions performed on the empirical AvgLR curves beyond their maxima either decrease or 
remain constant. This approach was used purposely to provide confidence in using a constant 
leach rate from the decreasing portion of the AvgLR curve or regression (1.5 to 2 years) as a 
reasonable maximum rate to use beyond the initial release timeframe. It is also stressed that 
using the regression analysis results to extrapolate back to a time point before the maximum rate 
on the empirical curve is not valid.  



5.2.4. Shipboard Solid Sources 



The choice of shipboard solids investigated in this study presented a serious technical and 
logistics challenge during the field sample collection phase. Most technical data and information 
regarding what types of materials, concentrations of PCBs, identity of commercial PCB mixtures 
(Aroclors®) in the solids, and location of ship components with these materials were either 
anecdotal or historical, described materials that had already been remediated, or the vessel was 
no longer available for sampling. This reality presented the leach rate study with a unique prob-
lem in terms of locating and collecting existing materials as source material with known quanti-
ties and PCB distributions. Ultimately, the necessary approach consisted of evaluating the exist-
ing database to focus on the major classes of materials in Table 3, and then attempt to collect 
those materials with the highest concentrations available in the inactive vessel inventory (1999) 
before an imminent shipyard remedial action. As a lower limit requirement, a material with 
sufficient PCB concentration was needed that, given a substantial amount of time to release, 
could be detected in seawater leachate (e.g., avoid situations where the tPCB concentration in the 
solid would be diluted to below detection in the leaching vessel minimum required volume (1 L), 
even if all the PCBs came out of the solid instantaneously). This requirement generally meant a 
minimum of hundreds of ppm in the solid was needed to realistically expect to see a measurable 
PCB concentration, below 10- to 20-ppb seawater (expected) saturation limits in leachate 
samples over a reasonable amount of time. From the PCB database for the inactive fleet inven-
tory used during the study, it was clear that finding and collecting materials with specific PCB 
distributions was beyond the scope of the study, as it would have required a dedicated/robust 
random sampling and analysis effort similar to the existing NAVSEA sampling program. 
Instead, the database was evaluated to identify the most common Aroclors® for the leach rate 
study classes of materials in the database, followed by focused subsequent field collection events 
to obtain materials expected to have a similar distribution, if they were still available for collec-
tion. This approach resulted in the samples with distributions in Table 3, which when compared 
with the NAVSEA PCB program summary statistics in Table 2, overlap significantly and 
effectively provided an increased confidence in assuming a similar distribution in shipboard 
solids onboard other vessels and applying the leach rate results to those materials.   
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In addition to the PCB content issues in shipboard solids described above, each shipboard solid 
was tested in a manner designed to conservatively emulate the worst-case physical form of the 
solid initially onboard a vessel during a typical natural leaching scenario. This means that the 
leach rate study results, on a mass-normalized basis, correspond in most cases to leaching 
performed under very conservative representative physical conditions for each shipboard solid. 
More detailed descriptions of each class of shipboard solid are in the field sampling descriptions 
in Section 2 and shipboard solids descriptions in Section 3, and summarized here.  



Electrical Cable (EC).  This solid sample was tested intact, except for the ends, which were 
cross-cut, immediately exposing the internal components to seawater during leaching studies. 
This exposure represents only a small fraction of the cable typically onboard a vessel, unless  
a substantial amount of cabling has been removed, in which case, the ends of cables that reside 
within the cable runs between bulkheads would be exposed similarly. In addition, the outer 
armored shielding (painted steel mesh) on the tested EC was removed, negating the possibility  
of seawater leachate collecting statically between the surface of the EC and the shielding, which 
would have affected the simulation of complete dynamic advection and instead would have 
introduced the possibility for leach rate suppression. The leaching surface area to mass ratio  
for most EC in its native state onboard a typical vessel is expected to be significantly lower than 
that tested in this study, resulting in a much larger empirical EC leach rate than expected onboard 
a vessel in a realistic reef environment.  



Bulkhead Insulation (BHI).  This sample was tested intact, without the outer lagging (painted 
pressboard backing), behind which, is BHI material. The as-tested material is likely similar  
to that onboard most vessels except that the as-tested sample had no paint on its outer surfaces, 
unlike many materials onboard, which would reduce the leach rate caused by sorptive processes 
and advective flow reduction in and out of this very open-structured material. In addition, the 
presence of lagging material, as with paint or the armored shielding for EC, would have affected 
the simulation of complete dynamic advection and would have introduced the possibility for 
leach rate suppression, as would be expected in a natural leaching environment. Most BHI 
material in its native state onboard a typical vessel is expected to have a leaching surface area  
to mass ratio is less than or equal to that tested in this study. The BHI empirical leach rate 
slightly overestimates that expected onboard a vessel in a realistic reef environment.  



Black Rubber (BRPHL).  This sample was tested intact, but unlike most materials onboard 
vessels, without the presence of paint on its outer surfaces. The presence of outer painted 
surfaces would reduce the leach rate caused by sorptive processes, acting as a barrier to PCB 
release, and thus the leach rate study is evaluating a more conservative leach rate process. Most 
BRPHL material in its native state onboard a typical vessel is expected to have a leaching surface 
area to mass ratio less than or equal to that tested in this study. The BRPHL empirical leach rate 
slightly overestimates that expected onboard a vessel in a realistic reef environment.  



Paint (AP).  This sample was tested in a significantly different form than what is onboard  
a typical vessel. It consisted of paint chips and particulates, rather than an intact painted 
substrate. As a result, the surface area was artificially increased well beyond that found for most 
paints onboard in a natural leaching scenario. Consequently, the leach rate study reports a higher, 
conservative leach rate than would be expected in a natural setting or if an intact painted 
substrate was tested in the laboratory. The as-tested sample of paint chips is a close approxima-
tion for the minimal amount of loose, flaking paint that might become de-bonded from the 
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substrate, although paint flakes are generally removed as part of vessel maintenance and 
preparations. The type of paint tested in the leach rate study is similar to most types of interior 
and exterior vessel paints, except for antifouling hull paint, which is not a PCB-containing 
material found onboard Navy or commercial vessels. The leaching surface area to mass ratio  
for most AP in its native state onboard a typical vessel is expected to be significantly lower than 
that tested in this study. This results in a much larger empirical AP leach rate than that expected 
onboard a vessel in a realistic reef environment. 



Foam Rubber/Ensolite® (FRE).  The FRE sample was basically what one would expect  
to find leaching in a natural environment, except that the outer surfaces of most materials of this 
type are either painted or covered by materials (adhesives or substrata) that would provide  
a sorptive barrier and impede seawater leachate flow, suppressing the leach rate. The as-tested 
FRE sample in the leach rate study was painted only on one of its sides and the remaining 
surfaces were unpainted and freshly cut/exposed by the subsampling process. The lack of paint  
on >75% of the available surface allowed a conservative measurement of PCB release. Most 
FRE in its native state onboard a typical vessel is expected to have a leaching surface area  
to mass ratio less than or equal to that tested in this study. The FRE empirical leach rate slightly 
overestimates that expected onboard a vessel in a realistic reef environment.  



Felt (FGI).  Felt gasket material is similar to other types of felt components onboard vessels 
and in this study is the same gasket material that was protruding out of an HVAC duct flange, 
which was collected as the FGO sample discussed below. The primary difference between this 
sample and the FGO sample is a very significant one; this type of felt gasket is an internal 
component of the flange, and would remain compressed between the flange heads in a natural 
leaching environment. The as-tested FGI sample is not such a sample; it was removed from the 
flange and tested with most of its surfaces exposed, resulting in a more open, advective condition 
during the test than would be found onboard a vessel in a natural leaching scenario, where  
the felt gasket would be covered by flange materials that would impede seawater leachate flow, 
suppressing the leach rate. As the flange dissolves away over many years, decades, or perhaps  
a century, the felt material would become incrementally exposed, rather than exposed instantane-
ously in its entirety as tested. Leaching of exposed surfaces after loss (corrosion/dissolution)  
of the metal flange would continue uninhibited in a manner similar to what was measured  
in the laboratory but any fresh surface would be small and exposed only incrementally over time. 
The leaching surface area to mass ratio for most of the FGI in its native state onboard a typical 
vessel is expected to be significantly lower than that tested in this study, resulting in a much 
larger empirical FGI leach rate than that expected onboard a vessel in a realistic reef 
environment.  



Felt (FGO).  This sample, as mentioned above, is part of the same flange gasket as the tested 
FGI. The sample was tested essentially intact and its surface approximately 30% painted, with 
the remainder exposed because of the material was cut off of the intact flange during the field 
sample collection and subsampling event in the laboratory. The 30% painted surface probably 
contributed a smaller fraction to leach rate and the unpainted portion, a larger fraction. Most felt 
material of this type onboard vessels, particularly that protruding from between flange heads, is 
sealed by paint and not damaged by cutting it away from the flange. As a result, the leaching 
results for the as-tested sample are conservative, not only from the paint/barrier coating stand-
point, but also from the standpoint of testing a freshly cut, exposed surface, unlike what would 
be the case onboard a vessel. The leaching surface area to mass ratio for most FGO in its native 
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state onboard a typical vessel is expected to be significantly lower than that tested in this study, 
resulting in a much larger empirical FGO leach rate than that expected onboard a vessel in a 
realistic reef environment. 



Shipboard Solid Surface Areas. While scientific pursuits aimed at broadening the scientific 
understanding of unique mechanisms associated with PCB release have potential, this study did 
not focus on evaluating the molecular properties of the interfaces each of these materials makes 
with seawater, probably a dynamic/changing property of each shipboard solid. This study did 
capture the resultant effect of such properties on the magnitude and variability of the leaching 
process in the form of quantifying the release in each case, and with normalization to shipboard 
solid mass instead of surface area. From a practical (data-use) standpoint, this effort was a much 
more efficient data reduction approach, as shipboard solid materials for vessels are typically 
described in terms of mass or tonnage vice surface area. We suggest caution in using the initial 
surface area approach, simply because it represents only the starting surface area and not 
necessarily the seawater accessible surface area (SASA), a parameter very likely to be dynamic 
or changing temporal variable (could significantly increase or decrease over time). 



5.2.5. Analytical Chemistry 



The choice to use homolog measurements to determine tPCB concentrations is probably  
the most effective manner in which the analytical uncertainty level was reduced in this study. 
Without such an approach, the homolog and tPCB results reported in this study would have been 
estimated values based on limited congener data combined with assumptions and estimation 
algorithms with much higher levels of uncertainty. For most detailed uncertainty and confidence 
issues concerned with study analytics, the reader is directed to the QA/QC sections of Appendix 
C, the data quality objectives (DQO) specified in this study, and analytical chemistry-related 
subsections included in Section 2 and in Appendix B.  



In general, the analytical data quality was very high throughout the leach rate study providing 
high confidence in results. The low levels of detection were particularly useful in determining 
whether or not leaching could be observed in a minimal amount of leaching time. Of course,  
with unlimited time and resources, one could have run experiments longer in an attempt  
to perhaps observe leaching for analytes that were never detected in this study. However, one 
must know very precisely and to very low or trace levels, what is present in and on the leachable 
surfaces of the solid source materials and whether what is measured represents all possible 
variations of PCB mixtures (multiple Aroclors®). In this respect, this study could not evaluate 
every possible type of Aroclor® content in each shipboard solid, and it was beyond the study 
scope to determine what the molecular level composition was at the interface (SASA), which 
was likely changing with time, as noted in the shipboard solid discussion above.  



In some cases, as can be seen in Table 3, all Aroclors® in all shipboard solids do not have  
a corresponding analytical (Aroclor®) control. Evaluating the dissolution behavior under the 
leaching conditions for all possible neat Aroclors® as analytical controls was beyond the scope  
of this study. As a result, in some cases (as noted in Table 11 for each shipboard solid), an 
analyte was detected for a shipboard solid leaching experiment, but a corresponding measure  
of that analyte in seawater from Aroclor® analytical control was unavailable for comparison.  
Though uncommon, occasionally the study was unable to examine every possible perturbation of 
Aroclor® loading possibilities. For similar reasons, samples occasionally did not have corres-
ponding Aroclor® analyte maxima against which to compare to evaluate the Aroclor® analyte. 
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The impact of this was minimal because many other lower incremental leaching sample concen-
tration data were collected during the leaching experiment. Regardless, in these rare instances, 
the analyte maxima in those samples must be interpreted as a possibility (not certainty) that it 
may have been influenced to somewhat by a potential saturation condition. In general, these 
cases occurred earlier rather than later in the leaching process for a given experiment, exerting 
minimal impact on long-term leach rates at the curve endpoint. Furthermore, while steps were 
taken to avoid the release of PCB-rich shipboard solid particulates into the leachate, it is 
possible, though not particularly probable, that an occasional very small particle made it through 
the cage in the leaching vessel and then into an analytical sample extraction to produce slightly 
higher leachate concentrations in that sample. A more probable scenario for the non-Aroclor® 
maxima relates to availability of PCB analytes at the seawater interface (SASA), as briefly 
described below.  



5.2.6. Leach Rate Data/Results 



Leachate Saturation. Except for a few analytes, all shipboard solid PCB leachate concen-
tration maxima were lower compared with Aroclor® analytical controls (see Table 11). For the 
non-Aroclor® analyte maxima, the shipboard solid interface (SASA) could probably release more 
of that particular PCB than the A1254 or A1268 matrix. Unfortunately, without more detailed 
information about the interfacial PCB compositions of shipboard solids, vice assuming that it  
is composed of PCB distributions similar to bulk compositions, the dissimilarities between these 
analyte behaviors and Aroclor® analyte behaviors can only be characterized as an uncertainty. 
Regardless, these shipboard solid analyte maxima can be considered the effective saturation limit 
in seawater for that analyte. Other concentrations for that analyte across the experimental series 
are below that maximum and still comprise a valid leach rate dataset.  



Sampling Interval. Maintaining a non-saturated condition was a primary component of the 
study approach, which ensured that leaching results reflect a truly uninhibited release process. 
The sampling time was also a critical variable in the leaching studies. This variable was not a 
parameter that could be optimized to provide a higher temporal leach rate resolution across any 
given leach rate experiment. The resolution to which we could determine the leach rates was 
entirely dependent on the rate of release from the solid, with the result that the time intervals in 
the leaching experiments are large and not truly differential. This relatively large time interval 
was out of necessity, and is a function of allowing the experiment to follow the leach rate, i.e., 
sampling interval is governed by the time required for a very slow leaching process to occur until 
sufficient concentrations are reached for analytical quantitation of a significant number of differ-
ent analytes in each sample (leaching of a reasonable number of analytes above detectable levels 
to provide an appropriate level of confidence in the overall quantitation.) For slow leaching 
processes, such as those observed in this study, in which nearly insoluble PCBs are essentially 
immobilized in a solid matrix, it is reasonable to increase the sampling time to allow the leaching 
of PCBs to be observed. The alternative would be to shorten the sampling interval and measure 
non-detects, a clearly unacceptable option for quantitatively characterizing an empirical release 
behavior. If the solids had contained only a single analyte, instead of a complex mixture of PCBs 
(one or more Aroclors®), a study could have been designed where one might have been able  
to perform analyses at lower detection limits to observe the (lower magnitude) release in a 
shorter time, and the sampling interval might have been minimized further within similar criteria. 
Regardless, the properties of the solid matrices would have dictated the inherently slow leaching 
process. The result of long sampling times is that one cannot characterize the dynamic nonlin-
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earities (faster and slower) leaching that could be occurring within each sampling/leaching 
interval. AvgLR, as described by Equation 5, captures the total behavior and is numerically 
correct, reflecting an average change in concentration over a time-period interval, delta-t. As 
mentioned above, the underlying issue is one of time resolution. This calculation is numerically 
dependent on tf and ti, and defines an average for any value of delta-t. It does not provide any 
information about instantaneous values of leach rate within the time-period; however, the sum of 
all instantaneous rates within the time-period must equal the average rate defined by Equation 5. 
While it is correct to consider this AvgLR a low-resolution value, it is not an underestimation. 
The AvgLR can be composed of low and high values within the sampling interval that must sum 
to the AvgLR.  



Adsorption Loss. The leach rate study was designed to avoid PCB adsorption on leaching 
vessel walls using weekly leaching vessel exchange. PCB adsorption is a function of the 
concentration of PCBs in the glass container and the condition of the inner surfaces of the glass 
bottles used, which were cleaned to full EPA cleaning and quality assurance standards to include 
custody seals and labeled with lot number for traceability to certificate of analysis. Because 
adsorption was intentionally minimized in the experimental approach, we expected that  
an insignificant level of adsorption would probably occur in the bottles, and as a result, the 
analysis of used leaching vessels would probably fall below the limits of detection. To verify 
this, leaching vessels were selected for analysis from each solid leaching experiment based on 
high concentration in the leaching vessel during that leaching experiment. The intent was  
to apply corrections for adsorption to the experiments by using these results. This approach did 
not yield detectable levels of PCBs analyzed over a range of concentration values observed in the 
leachate solutions. These results are included in Appendix C and provide confidence in earlier 
predictions that it would be difficult to even detect adsorbed PCBs at such low levels in leaching 
vessels, which contained PCB concentrations in seawater significantly below saturation.  



While it is probable, based on the empirical data described above, that loss caused by PCB 
adsorption on leaching vessel walls was insignificant during the experiments, supplementary data 
for PCBs detected in similarly selected leaching vessels during Aroclor® dissolution experiments 
were evaluated to estimate the amount of adsorption. This approach significantly over-predicted 
adsorption values on shipboard solid leaching vessel walls for which PCBs were not detected. 
Similarly, using ½ MDL as an alternate approach led to even higher over-predictions.  



The prediction of unrealistic values for both these estimate approaches is likely related to the 
approximation of an adsorption factor (mass-adsorbed/PCB concentration in seawater) assuming 
a linear rather than nonlinear dependence on seawater PCB concentration. Figure 69 illustrates 
the observed adsorption behavior graphically, showing that adsorption was only detectable at 
very high PCB concentrations in leachate, significantly higher than in shipboard solid leaching 
experiments. At the much lower concentrations typically observed for shipboard solid leachate 
(e.g., <103 ng/L, in Figure 69 and Appendix C), an insignificant level of adsorption (at or below 
detection limits) would be expected.  











 



 
 



216



0.1



1



10



100



1000



a.   Leaching Vessel Analyses



 



A1254
Dissolution
Vessel



Adsorption Not Detected in
A1268 Dissolution Vessel
(Estimated as 1/2 MDL)



Adsorption Not Detected in
Shipboard Solid Leaching
Vessels (Estimated as 1/2 MDL)



 



 



Le
ac



hi
ng



 V
es



se
l A



ds
or



pt
io



n 
(n



g 
tP



C
B



s)



Leaching Vessel
with Source Material
Homolog Signature



0 1000 2000 3000 4000 5000 6000



b.   Leachate Concentration Distribution



Ba
tc



h 
C



on
ce



nt
ra



tio
n 



D
is



tri
bu



tio
n



 



 



Leachate tPCB Concentration (ng/L)



0.1



1



10



100



1000



a.   Leaching Vessel Analyses



 



A1254
Dissolution
Vessel



Adsorption Not Detected in
A1268 Dissolution Vessel
(Estimated as 1/2 MDL)



Adsorption Not Detected in
Shipboard Solid Leaching
Vessels (Estimated as 1/2 MDL)



 



 



Le
ac



hi
ng



 V
es



se
l A



ds
or



pt
io



n 
(n



g 
tP



C
B



s)



Leaching Vessel
with Source Material
Homolog Signature



0 1000 2000 3000 4000 5000 6000



b.   Leachate Concentration Distribution



Ba
tc



h 
C



on
ce



nt
ra



tio
n 



D
is



tri
bu



tio
n



 



 



Leachate tPCB Concentration (ng/L)
 



Figure 69. (a) PCB mass associated with leaching vessel walls as a function of leachate concentration, 
and (b) leachate concentration distribution across all shipboard solid leaching experiments. The Aroclor® 
1254 dissolution vessel analysis in (a) provided the only measure of adsorbed PCBs above detection 
limits, but at significantly higher leachate concentrations than typical leachate concentrations for 
shipboard solid leaching vessels. The leaching vessel analysis for FGI, also shown in red, is an artifact 
associated with source material, i.e., corresponds to the source material distribution (homolog groups 7 
through 9) rather than the corresponding leachate distribution (homolog groups 2 through 7). The 
predominant homolog distributions found in other leaching vessel analyses are composed of homolog 
groups 2 through 7. Adsorption values indicated above for shipboard solid leaching vessels and the 
Aroclor® 1268 leaching vessel were derived from sample-specific minimum detection limits in those 
analyses. Most shipboard solid leaching vessels in the leach rate study were exposed to concentrations 
below 1,000 ng/L, where adsorption was not detected on leaching vessel walls and is estimated to be 
minimal. 
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Replicate Leaching Results. The leaching curves are unique results for each solid and do not 
represent a statistical result in the sense that replicate experiments and analyses were not 
performed to provide error bars on each leach rate data point (in addition to the expected vari-
ance in analytical precision, as demonstrated in the raw concentration data evaluation). It is 
improbable that such a set of experiments could provide results considered interpretable, simply 
because commonality in PCB source content is insufficient, even within a given solid sample 
(subsamples of a field sample have been generally shown to contain different concentrations and 
distributions of PCBs/Aroclors®). However, subsamples of the same solids, tested at low 
temperature, as described in Subsection 2.6, and presented in Appendix E, were qualitatively 
similar. Further analyses of these low-temperature data are presented in Appendix E to address 
the absence of more samples (leaching of additional samples) at 25°C. The low-temperature 
leaching results at 4°C were corrected for temperature and evaluated to provide confidence that 
quantitative results at 25°C are sufficiently representative. This evaluation is based on enthalpy 
of solution data from the literature to correct for temperature effects on dissolution properties 
(Dickhut, Anders, and Armstrong, 1986) and uses the integrated form of the van’t Hoff equation 
for dilute solutions as shown in Equation 8. This equation can be used to calculate the concentra-
tion of a soluble chemical species (e.g., a PCB congener) at a given temperature.  



Equation 8 



∆Hss = RT(C-ln(x)), 



where ∆Hss is the enthalpy of solution of the solid, C is an experimentally determined integration 
constant, x is concentration, T is temperature, and R is the universal gas constant. Requirements 
for using this approach included identifying a PCB congener, for which ∆Hss and C were 
reported, and that was consistently detected in most of the leaching experiments for all shipboard 
solids at both temperatures. Fortunately, a congener was identified (one of the few noted), 
PCB101 (2,2’4,5,5’-pentachlorobiphenyl), that met all of these requirements. Using temperature-
dependent solubility parameters for PCB101, in which C was experimentally determined to be 
−8.0159, and ∆Hss determined to be 31.9 kJ/mol, the respective concentrations for each of the 
leaching temperatures (4°C and 25°C) were calculated. The ratio of these (4°C concentration  
to 25°C concentration) was then used to initially correct for the temperature dependence of the 
dissolution component in the 4oC A1254 dissolution curve, which is the experiment in the leach 
rate study that should bear a close similarity to a solubility study. This result provided a very 
good correspondence upon comparison to the 25oC curve for A1254. Similarly, this approach 
was also then used to correct the 4°C EC (electrical cable) experiment, and it compared well with 
EC at 25°C. We then assumed that the behavior of PCB101 was representative of the other 
congeners in the pentachlorobiphenyl homolog group and similar corrections were performed for 
the congener and the homolog leach rate curves for A1254 and EC at 4°C and compared them 
with the A1254 and EC curves at 25°C. All of these results described for A1254 and EC are 
included for comparison, in addition to similar corrections and comparisons of leaching results 
for other shipboard solid materials and Aroclor® 1268 (A1268) at 4oC. 



While this approach probably cannot be extrapolated to the other homologs in each sample,  
the data treatment and close correspondence between temperature-corrected 4°C and the corre-
sponding empirical 25°C curves provide a reasonable level of confidence in using the empirical 
leach rate study results to represent mass release for materials onboard a vessel.  
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Leaching Nondetection. Ultimately, the regression analyses performed on leach rate curves  
in this study are used as reasonable approximations for bounding the individual leaching behav-
iors. For those analyte leach rate regressions with insufficient statistical predictive power (high 
p-values) or insufficient numbers of points for a regression analysis, the maxima or the statistical 
means and standard deviations in the observed empirical leach rates can provide an estimation of 
the release and perhaps the variance in the data. Additionally, for leaching behavior non-detect 
(ND) data, evaluated in the study as part of the regression approach and homolog data quality 
analysis, were treated conservatively. Specifically, ND data (reported as zero) were not included/ 
used in leach rate calculations, plots, or regression analyses, as described below.  



Throughout the leach rate study, at times, for all of the materials leached, concentration data 
were encountered that were intermittent, that is, release was detected in one leaching interval, 
then not detected in the subsequent interval, then detected again in the following interval. 
Occasionally, the non-detection would remain a non-detect for several leaching intervals and 
then a detection, then nothing for the remainder of the experiment, and so on. Certainly, these 
observed behaviors make the data credible, i.e., if the study had always detected every analyte,  
it may have not appeared believable. However, this issue was evaluated as part of data quality 
analyses performed on all of the concentration data collected, realizing that because a process 
was being measured, the concept of data distribution should be in the context of variability 
around a given behavioral pattern or trend (i.e., leaching curve) rather than a distribution in 
samples randomly collected in the environment from contaminated sites, for example. In the case 
of environmental samples, a standard method of treating nondetects as ½ MDL, while perhaps 
applicable, needs to be applied in the context of a behavioral trend represented by a leaching 
curve, as PCBs are diffusively transported from a region of high concentration to a region of low 
concentration in the shipboard solid, and then dispersed in the external fluid medium. This type 
of treatment was relatively straightforward for PCB congeners, but laborious for treatment of 
homolog data, which were quantified as the sum of all detectable congeners within a homolog 
group. The details of the homolog evaluation, which are applicable because existing Navy 
models (PRAM and TDM) use only homolog data for predicting source release and exposure, 
are included in Appendix C. Essentially, during that evaluation, it became very obvious that 
relatively few cases existed where the detection of homolog data was significantly low enough to 
be classified as an uncertainty issue, and in those cases, omitting a low value was more conserva-
tive than including a value based on MDL, which would have resulted in a lower magnitude 
leaching curve regression. In several cases, where data for regression analyses was insufficient, a 
significant number of nondetect values could have been replaced with values based on MDL, but 
in such cases, the validity of the curve itself was in question for evaluation in context (where no 
behavioral trend really existed). In such cases, the maximum leach rate can be used as a conser-
vative measure, negating the need for having MDL-based values assigned for nondetects. The 
overall result of this approach is a bias towards a more conservative rate, which in the case of 
regression analyses, effectively interpolates across regions where nondetects occur in the 
leaching curves. In cases where release in leaching curves was not indicated, assigning MDL-
based values to the homolog group (arbitrarily assume a low constant level of release) is 
considered invalid for use in modeling release from a vessel.  
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5.2.7. Alternative Uses of Leach Rate Data 



A detailed analysis and description of confidence, limitations, assumptions, and uncertainties 
associated with using these leach rate data to describe the source component in a vessel-sinking 
scenario is best described by using the example vessel (the ex-Lawe) discussed in Subsection 
5.3. However, providing broad, general guidance on what the data ultimately represent is also 
prudent because situations may arise where the data are being evaluated/explored for another 
use. Examples might include, but are not limited to, applying the results for a material in this 
leaching study to another type of material, sinking a vessel under different conditions common  
to some other environment, or perhaps hazardous material disposal of PCB-containing shipboard 
solids. Empirical data specific to a situation under consideration should be used preferentially.  
In some cases, a proxy or surrogate is needed to estimate what the release could be as a worst-
case scenario. For this reason, one must know or obtain information on PCB content (concentra-
tion and type of PCBs) for the source material in question. Once this information is known, the 
applicability of leach rate results to other materials can be evaluated using conservative assump-
tions and known commonalities with the materials tested in this study. A method that one might 
be inclined to try is to use the results for neat Aroclor® as a proxy or surrogate and simply scale 
the leach rate result for the neat Aroclor® to match. This method is only valid under certain 
circumstances, one of which is described for the example vessel. The primary caveat is that the 
type of material must possess similar physico-chemical properties. In particular, using Aroclor® 
results to rationalize the mechanism or model the complete leaching behavior of an inert solid 
material containing PCBs is invalid because the Aroclor® matrix, even if it is a solid or semi-
solid material, is not inert to dissolution in seawater. Neat Aroclor® results should not  
be considered a suitable proxy for A1254 or A1268 PCBs leaching from an inert solid material. 
However, empirical results for A1254 or A1268 can be used as a surrogate for mobile materials 
such as oils/greases that might leach Aroclor®/PCBs, as is the case described in the example for 
the ex-Lawe.  



5.2.8. Leach Rate Data Regression Uncertainty 



Understanding and describing the uncertainties associated with the use of (1) empirical leach 
rates, (2) statistical means of empirical leach rates, or (3) leach rates calculated using regression 
analysis results is also important. In the former two cases, the leach rate could be significantly  
or perhaps even overly conservative. If the final empirical leach rate value is used, it could be not 
conservative enough. If regression analysis is used to calculate a value at some time, t, a situation 
might arise where the confidence in the regression value is significantly lower than using the 
empirical data, even to the point of an unacceptable confidence level. These approaches should 
be evaluated on a case-by-case basis and the user should verify that the decision to use any 
particular approach can be rationalized in some reasonable, defensible manner.  



In general, we recommend that for analytes exhibiting stable leaching curves, the final empiri-
cal leach rate be used unless it is outside the regression curve shown in Appendix A and summa-
rized in Subsection 4.2. A given regression analysis can be used when a value just beyond the 
leach rate study timeframe is required to provide a value across all of the types of solids in a 
particular leaching scenario that requires a common point in time, e.g., <2 years for when  
a reef community might become established on a sunken vessel, or perhaps a leach rate corres-
ponding to the final empirical leaching value for the solid of shortest overall leaching experiment 
duration. In the latter case, to perform a consistent and comparable leach rate analysis for all 
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materials’ released analytes at the same point in an overall leaching process, leach rates for the 
analytes in other materials would be calculated from their statistically defensible regression 
analyses, but some other approach would be required for those analytes with insufficient data to 
support a regression analysis.  



At no time are regression analysis results applicable to calculating a pre-maximum leach rate, 
as regression analyses correspond only to the decreasing portion of leach rate curves and are not 
statistically related to points on an empirical leach rate curve before the maximum leach rate. In 
all cases where a regression value is selected as a long-term leach rate, it is advisable to compare 
that value to the upper prediction interval (UPI) of the regression analysis to ensure that the 
selected value is greater than or equal to it and that the p-value for the regression is of high 
predictive power. This defensible approach will ensure the use of a conservative value in which 
one can place a high degree of confidence.  



5.3. RECOMMENDATIONS FOR USING LEACH RATE DATA 



The leaching data and leach rates presented in this work are useful for characterizing the 
leaching of PCBs from solid materials in the context of a risk assessment release and exposure 
model, under conditions specific to the environment of concern in the risk assessment, i.e., 
shallow-water leaching in an artificial reef environment. The portion of a given leaching curve  
to use as a source term in such a model depends on what assumptions are considered reasonable 
within the risk assessment framework used. However, to help illustrate the process of choosing 
and using the leach rate data presented in this report, an example evaluation is included for  
a decommissioned U.S. Navy vessel, the ex-William C. Lawe (NavSource Online Destroyer 
Photo Archive. 2006e). This vessel was the subject of a report prepared for NAVSEA, in which 
PCBs-ISM were thoroughly evaluated to provide source information (PCBs-ISM onboard) for 
the SINKEX study. In the SINKEX study, a sister-ship to the ex-Lawe, the ex-Agerholm, was 
located at ~2700 feet in the Pacific Ocean off of the coast of California, and was the focus of  
intense oceanographic and environmental sampling effort for subsequent risk assessments.6 The 
ex-Lawe, although not the typical type of vessel used for artificial reef-building, is used as  
a surrogate reef vessel and is considered a valid approach from the PCB leaching perspective, 
considering that the same types of PCBs-ISM evaluated in this study were found onboard the  
ex-Lawe. The total estimated amount of each type of PCBs-ISM onboard14 will be used  
to demonstrate how one would apply the leach rate data to a provide a source term in a hypo-
thetical sinking event, i.e., as if the ex-Lawe were to sink in shallow water as an artificial reef.  



Shipboard solid-specific leaching data can be used to varying degrees of complexity, depend-
ing on the assumptions one is willing to accept. The extremes range from assuming a single, 
average leach rate over the entire period of time to using the leaching curves for the release over 
the empirical timeframe, followed by a long-term leach rate; either an extrapolated (changing) 
rate based on the leaching curve, or an assumed constant rate as an upper limit (worst case).  
The latter approach is being used in PRAM, initiated as part of the human health risk assessment 
in the U.S. Navy’s Artificial Reef program. The former approach, using only the final empirical 
leach rate for each shipboard solid over the entire risk assessment timeframe, was originally used 
                                                 
14 John J. McMullen Associates, Inc. 1998. “Weight Estimates for Polychlorinated Biphenyls (PCBs) and Selected 
Metals Sunk on ex-USS Agerholm (DD 826) for the Deep Water Sunken Ship Study.” Prepared for Naval Sea 
Systems Command (December), Alexandria, VA. 
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in the screening ecological risk assessment,2 with the ex-Agerholm as a surrogate reef-vessel. 
The constant average leach rates for such an approach is shown in Table 13A as the “(b) Long-
term” column of values for use in the ex-Lawe mass loading example. The extrapolated curves  
in Appendix A support this choice of long-term upper limit leach rate by demonstrating that the 
leach rates do appear to continue decreasing with time. Table 13A also summarizes the data for 
the case where the empirical leach rate (a) applies over the shipboard solid-specific experimental 
leaching timeframe (Table 13B), and the long-term upper limit (b) applies over the remaining 
timeframe of interest.  



In Table 13B, the quantities and high estimates for PCB concentrations of each shipboard solid 
are adopted from the ex-Lawe report, and the leach rates for the materials tested in the leach rate 
study are used to calculate depletion times. Note that the leaching amounts and times to depletion 
for each solid are much different because of the very different amounts of each material onboard 
and with varied concentrations. This leads to a complex mixture of PCB source terms at any 
particular point in absolute time over a maximum timeframe dictated by the longest time-to-
depletion for that particular scenario, from less than a year for highly mobile fast-releasing 
materials such as oils/greases to nearly 27,000 years for the electrical cable to over a million 
years for felt gasket, at which point PCB leaching would cease. In this scenario, all PCBs are  
assumed to be mobile and leach in their entirety. This is very conservative, as it is highly likely 
that some PCBs in the solid would remain permanently bound within the solid matrix. As previ-
ously stated, the neat Aroclor® dissolution rates were used as surrogates for shipboard solids not 
included in the leaching study (oils and greases). Under the stated assumptions, the rates of PCB 
release in this table could be used as source terms in a risk assessment for a hypothetical sinking 
of the ex-Lawe as a reef at a shallow-water site.  



Alternatively, the regression results summarized in Section 4.2 and Appendix A could be used to 
support using a constant long-term leach rate value for regression analyses of PCBs that indicate 
leach rates will continue to decrease. In general, all leach rate behaviors in this study can be 
described by the power function in Equation 9, where y is the average leach rate and x is time. 
The leach rate data were subsequently fit using the logarithmic form of this power function (in  
“y = mx + b” form), shown in Equation 10.  



Equation 9 



y = 10AxB   
 



Equation 10 



log[y] = B log[x] + A  



The tail or decreasing portion of the leach rate curves was plotted on a log-log scale, for which 
a linear regression was performed (only on data points at leaching times beyond and including 
the observed curve maximum).  



If regression analyses are used, it is suggested that the approach for treating experimental 
leaching results in Table 13A, “(a) Empirical,” be used as the source release term over the short- 
term (experimental) leaching period, beyond which, the functions in Appendix A and Section 4.2 
can be used for estimating the long-term source parameter, or to support using the final empirical 
value as a conservative upper limit leach rate.  
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Further, the use of regression functions should be caveated as having been produced from  
a relatively small amount of data early in the leaching process, leading to low confidence  
in predicted values at long-term extrapolation endpoints (times). Because of this, we highly 
recommend that the more conservative, upper prediction interval curve/data be used at such 
endpoints if this approach is chosen. In some cases, the predicted upper limit (prediction interval) 
is nearly equivalent to the final empirical data value. In such a case, the curve-fit is most useful 
in providing confidence in using the final empirical leach rate value as a long-term upper limit 
leach rate.  
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Table 13(A and B). (A) Empirical and Long Term average leach rates during and beyond the experimental leaching timeframe for each shipboard 
solid. (B) Example calculations of time-to-depletion for the ex-Lawe, using the empirical and long-term average leach rates in A). 



(A) 
Felt Gasket-Outer Felt Gasket-Inner Electrical Cable Foam Rubber-



Ensolite® 
Bulkhead Insulation  Black Rubber-PHL Aluminized Paint Oils/Greases with 



A1254 
Oils/Greases with 



A1268 
PCB Content(f) 11.74 wt% tPCBs 23.03 wt% tPCBs 0.12 wt% tPCBs 0.89 wt% tPCBs 0.044 wt% tPCBs 0.16 wt% tPCBs 0.043 wt% tPCBs 100 wt% tPCBs 100 wt% tPCBs 



Average 
Leach Rates 



(ng/g 
shipboard 
solid-day) 



Empirical
(a) 



Long-
term(b) 



Empirical
(a) 



Long-
term(b) 



Empirical
(a) 



Long-
term(b) 



Empirical
(a) 



Long-
term(b) 



Empirical
(a) 



Long-
term(b) 



Empirical
(a) 



Long-
term(b) 



Empirical
(a) 



Long-
term(b) 



Empirical
(a) 



Long-
term(b) 



Empirical
(a) 



Long-
term(b) 



Cl1 3.7E-03  8.7E-03 1.6E-02  9.2E-02 7.0E-02 1.6E+02 2.7E+01 8.6E+01  
Cl2 7.7E-01 3.5E-01 1.4E+00 2.2E-01 2.3E-02 5.1E-01 1.0E-01 3.9E-01  2.5E-01 5.4E-02 5.2E+02 1.4E+02 2.3E+03  



PCB8 2.1E-01 1.0E-01 2.1E-01 7.6E-02 3.4E-02 1.7E-02 5.5E-02  1.7E-02 8.7E-03 2.0E+02 5.6E+01 1.0E+03  
Cl3 1.1E+00 5.0E-01 8.1E-01 3.5E-01 1.8E-04 1.7E-01 8.1E-02 1.2E+00 6.0E-01 1.6E-01 9.1E-02 7.5E-03 4.2E+02 1.3E+02 6.2E+03 2.1E+02 



PCB18 3.4E-01 1.5E-01 2.4E-01 9.0E-02 4.2E-05 2.9E-02 1.4E-02 1.1E-01  2.1E-02 1.2E-02 1.6E+02 5.9E+01 1.8E+03 3.7E+01 
PCB28 2.6E-01 8.5E-02 1.6E-01 5.8E-02 9.4E-05 7.2E-02 1.5E-02 4.2E-01 8.3E-02 3.0E-02 1.2E-03 1.4E+02 3.0E+01 1.4E+03 6.7E+01 



Cl4 1.0E+00 3.6E-01 4.9E-01 1.7E-01 3.7E-02 2.1E-02 2.0E+00 8.1E-01 2.8E+01 7.3E+00 6.3E-01 2.6E-01 1.5E-01 6.2E-02 5.6E+03 1.9E+03 3.4E+03 5.3E+02 
PCB44 1.3E-01 6.1E-02 6.2E-02 2.3E-02 5.8E-03 2.7E-03 3.9E-01 1.5E-01 4.6E+00 1.2E+00 1.0E-01 4.1E-02 1.2E-02 1.4E-02 9.0E+02 2.4E+02 4.7E+02 1.3E+02 
PCB49 6.5E-02 4.5E-02 3.8E-02 1.3E-02 2.0E-03 1.1E-03 1.2E-01 3.8E-02 1.5E+00 3.8E-01 4.1E-02 1.2E-02 8.8E-03 3.8E+02 1.1E+02 2.3E+02 6.2E+01 
PCB52 1.5E-01 5.6E-02 7.5E-02 3.0E-02 1.2E-02 6.1E-03 7.0E-01 2.8E-01 7.6E+00 2.3E+00 2.0E-01 8.3E-02 4.4E-02 1.8E-02 1.9E+03 6.3E+02 4.5E+02 1.5E+02 
PCB66 3.5E-02  1.6E-02 1.0E-03 7.0E-02 1.4E+00 2.3E-01 1.6E-02 5.0E-03 1.4E+02 2.7E+01 1.8E+02 2.7E+01 
PCB77 4.7E-03   9.4E-05 8.8E-03  2.1E-01 4.0E+01  



Cl5 3.0E-01  1.5E-01 6.0E-02 2.3E-02 2.6E+00 9.1E-01 5.0E+01 1.2E+01 4.6E-01 1.8E-01 3.7E-01 4.8E+03 1.2E+03 2.0E+02 7.8E+01 
PCB87 3.2E-03  3.2E-03 3.1E-03 1.3E-03 1.9E-01 5.0E-02 3.7E+00 1.0E+00 2.0E-02 1.5E-02 3.2E+02 7.7E+01 1.0E+01 6.3E+00 



PCB101 2.7E-02  1.3E-02 5.7E-03 2.1E-03 3.2E-01 8.1E-02 5.9E+00 1.5E+00 4.2E-02 1.0E-02 3.1E-02 4.5E+02 1.3E+02 1.4E+01 7.2E+00 
PCB105 4.7E-03   1.1E-03 8.4E-02 1.7E-02 1.4E+00 1.3E-01 3.5E-03 5.5E-03 9.0E+01 8.4E+00 1.6E+01 6.0E+00 
PCB114    5.6E-04 5.6E-02  2.0E+00 1.2E-01  
PCB118 7.3E-03  3.4E-03 2.9E-03 1.8E-01 2.4E-02 3.2E+00 2.0E-01 1.7E-02 1.7E-02 2.0E+02 1.5E+01 1.5E+01 4.3E+00 
PCB123     7.3E-01  
PCB126      



Cl6 7.2E-02  8.1E-02 9.3E-03 5.7E-01 9.3E+00 4.1E+00 1.5E-01 5.0E+02 1.4E+02 1.5E+01 7.7E-01 
PCB128    1.4E-04 2.6E-02 3.0E-01  1.5E+01 4.3E+00  
PCB138    7.0E-04 7.9E-02 1.3E+00 2.5E-01 1.2E-02 6.3E+01 1.2E+01 1.1E-01  
PCB153 6.1E-03  8.9E-03 6.6E-04 6.9E-02 9.8E-01 3.1E-01 1.5E-02 5.8E+01 1.4E+01 3.8E+00 2.7E+00 
PCB156    9.2E-03 7.1E-02  2.4E+00  
PCB157    2.1E-03  1.7E-01  
PCB167    7.0E-03  3.8E-01  
PCB169      



Cl7 3.8E-01 6.1E-02 5.2E-01 2.5E-02 3.2E-03 2.1E-01 1.4E+00  1.7E+01 2.7E-01 4.8E+00 4.9E+01 1.8E+01 
PCB170    5.3E-03   
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(A) 
Felt Gasket-Outer Felt Gasket-Inner Electrical Cable Foam Rubber-



Ensolite® 
Bulkhead Insulation  Black Rubber-PHL Aluminized Paint Oils/Greases with 



A1254 
Oils/Greases with 



A1268 
PCB180 1.5E-02  6.7E-02 1.0E-02  2.8E-01 3.7E+00 3.1E+00 
PCB183   8.0E-03 1.1E-02   
PCB184   2.5E-03 4.7E-04 2.0E-02 1.1E-01  2.6E+00 4.4E-02  
PCB187 1.5E-01 3.9E-02 1.6E-01 1.9E-02 1.6E-02  7.5E+00 8.4E+00 
PCB189      



Cl8 2.7E-01  1.2E+00 1.4E-01  1.5E+00  
PCB195      



Cl9   4.0E-01 1.6E-04  1.2E+04  
PCB206   2.5E-01 1.0E-04  1.2E+04  



Cl10   3.3E-03 8.8E-05   
PCB209   3.3E-03 8.8E-05   



      
tPCBs (sum 



of 
homologs) 



3.9E+00 1.3E+00 5.1E+00 9.3E-01 1.3E-01 4.4E-02 6.1E+00 1.9E+00 9.1E+01 2.4E+01 1.8E+01 6.6E-01 9.5E-01 6.2E-02 1.2E+04 3.5E+03 2.4E+04 8.4E+02 



 



 



(B) 
Example: ex-William C. Lawe 



Felt Gasket 
(outer) 



Felt Gasket 
(inner) 



Electrical Cable Foam 
Rubber/Ensolite® 



Bulkhead 
Insulation 



BRPHL Aluminized 
Paint 



Oils/Greases 
with A1254 



Oils/Greases 
with A1268 



g shipboard solid (ex-Lawe JJMA estimates) 45359.2 45359.2 15169489.8 9071.8 9071.8 1496854.8 55882580.5 3215969.9 3215969.9 



Weight fraction (ex-Lawe JJMA high estimates) 4.0E-01 4.0E-01 4.4E-04 5.0E-04 5.0E-04 2.0E-02 4.9E-05 1.2E-03 1.2E-03 



Weight% in shipboard solid (PCB-LRS) 11.74 23.03 0.12 0.89 0.044 0.16 0.043 100 100 



Empirical Leaching Range(c) (days) 454.1 475.0 475.0 469.0 454.3 475.1 469.0 433.3 371.0 



  



Years to Depletion(d), for tPCBs, assuming all materials 
release all PCBs in their entirety. 



860311 1173719 26900 723 56 83758 2173 0.9 3.8 



Years to Depletion(e), for tPCBs, assuming all materials 
release all PCBs in their entirety. 



860307 1173712 26896 719 51 83721 2153 0.3 0.1 



(a) Mean of all experimentally-determined rates determined over the empirical timeframe (c). 
(b) The final empirical leach rate value is used as a long-term constant upper limit, to represent a constant upper limit rate beyond the experimental timeframe (c). 
(c) This is equivalent to the total experimental leaching or exposure time for the materials in this study. 
(d) Calculated assuming the constant rate in (b) only. 
(e) Calculated using the empirical rate (a) over experimental time period (c), and the constant upper limit rate (b) thereafter. 
(f) Concentration of PCBs in the solid. 
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APPENDIX A: LEACH RATE DATA REGRESSION ANALYSIS - CURVE
FITTING AND EXTRAPOLATION 



 
 The approach described in the Leach Rate Analysis section of this report was used to fit the post-
maximum leach rate decrease for each of the leach rate curves discussed and presented in the Leach 
Rate Calculations section of this report. Curve-fit regression analysis results are organized by shipboard 
solid below. Included in each section are results for which there exist sufficient data for target analytes 
(homologue, tPCBs, or congener), which we defined as 4 or more data points on the decreasing portion 
of the leach rate curves. In all cases, the curve fit over the empirical timeframe is plotted with curve-fit 
parameters and an ANOVA table below it. Each curve-fit was performed only on points > the observed 
curve maximum as described in the Leach Rate Analysis section by omitting data points prior to the 
maximum (to fit only the decreasing portion of each curve). In the plots below, omitted data are red 
solid squares. Below each ANOVA table, the curve-fit results are plotted and tabulated over the 
extrapolation timeframe (arbitrarily chosen as 1000-years). The tPCBs curve-fits included as example 
regressions in the  Leach Rate Calculations section of the report are also included here with the entire 
regression analysis for completeness. The data were fit to the logarithmic form of the power function y = 
axB (Equation 7) as described in the Leach Rate Analysis and Recommendations for the Use of Leaching 
Data sections. Data were treated on log-log basis, i.e. log[AvgLR] vs. log[time] and fit to the linear 
equation: log[AvgLR] = A + B*log[time] (Equation11). The linear regression curves are plotted below, 
but on a log-normal basis rather than as fit (log-log), to more clearly illustrate the curve behavior. 
 











 



 
 



A-2



 
Aroclor 1254 (A1254) Dissolution Rate Extrapolation Results 
 
A1254 at 25 deg-C 
Linear Fit to Log(y) = A + B * Log(x), where x = Time and y = 
AvgLR 
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Parameter Value Error t-Value Prob>|t| 
A 6.81093 0.53931 12.62905 <0.0001 
B -1.2228 0.23128 -5.28714 0.00114 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.89428 0.79974 0.77113 0.17204 9 
Parameter LCI UCI   
A 5.53567 8.08618   
B -1.76969 -0.67592   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 



Model 1 0.82739 0.82739 27.9539 
Error 7 0.20719 0.0296  
Total 8 1.03457   
Prob>F     
0.00114     
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 2607.38024 5021.29955 1353.91877 8178.85457 831.22052 
1493.48334 850.17907 2610.14027 276.92169 3665.95851 197.16657 
3734.35667 277.21482 1385.69414 55.45817 1784.2291 43.07074 
9337.51277 90.39044 740.42725 11.03475 903.61604 9.04193 
23347.83539 29.47328 396.74147 2.18952 467.26176 1.85907 
58379.72389 9.61025 212.89281 0.43382 244.52286 0.3777 
145974.65266 3.13358 114.33564 0.08588 128.90918 0.07617 
365000 1.02175 61.43775 0.01699 68.28956 0.01529 
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Parameter Value Error t-Value Prob>|t| 
A 5.69548 0.72652 7.83942 1.03725E-4 
B -1.29967 0.31156 -4.17145 0.00418 
R R-Square(COD) Adj. R-



Square 
Root-
MSE(SD) 



N 



-0.84447 0.71313 0.67214 0.23176 9 
Parameter LCI UCI   
A 3.97754 7.41342   
B -2.0364 -0.56294   
ANOVA 
Table: 



    



 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.93468 0.93468 17.40095 
Error 7 0.376 0.05371  
Total 8 1.31067   
Prob>F     
0.00418     
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 102.20667 183.8604 56.81595 280.02338 37.30476 
1493.48334 29.90278 80.72449 11.07689 108.34263 8.25323 
3734.35667 8.74871 36.1557 2.11695 45.02949 1.69977 
9337.51277 2.55962 16.2949 0.40207 19.37562 0.33814 
23347.83539 0.74887 7.36373 0.07616 8.49027 0.06605 
58379.72389 0.2191 3.33238 0.01441 3.75948 0.01277 
145974.65266 0.0641 1.50928 0.00272 1.67551 0.00245 
365000 0.01875 0.68393 5.14281E-4 0.74992 4.69025E-4 
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Parameter Value Error t-Value Prob>|t| 
A 6.83448 0.65425 10.44633 <0.0001 
B -1.4022 0.28057 -4.99769 0.00157 
R R-



Square(COD) 
Adj. R-Square Root-MSE(SD) N 



-0.88379 0.78109 0.74982 0.20871 9 
Parameter LCI UCI   
A 5.28743 8.38153   
B -2.06564 -0.73876   
ANOVA 
Table: 



    



 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.08797 1.08797 24.97693 
Error 7 0.30491 0.04356  
Total 8 1.39288   
Prob>F     
0.00157     
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 746.901 1298.42903 429.64312 1929.66544 289.09732 
1493.48334 199.84019 509.16036 78.43521 671.74568 59.45122 
3734.35667 53.46907 203.4423 14.05284 250.15504 11.42868 
9337.51277 14.30614 81.7662 2.50306 96.24923 2.12641 
23347.83539 3.82774 32.94653 0.44471 37.67314 0.38891 
58379.72389 1.02415 13.29291 0.0789 14.89165 0.07043 
145974.65266 0.27402 5.36744 0.01399 5.92245 0.01268 
365000 0.07332 2.16835 0.00248 2.36484 0.00227 
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Parameter Value Error t-Value Prob>|t| 
A 6.23989 0.45947 13.58068 <0.0001 
B -1.11961 0.19704 -5.68213 7.49073E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.90654 0.82182 0.79637 0.14657 9 
Parameter LCI UCI   
A 5.15342 7.32636   
B -1.58553 -0.65368   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.69363 0.69363 32.28665 
Error 7 0.15038 0.02148  
Total 8 0.84401   
Prob>F     
7.49073E-4     
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 1354.09225 2366.6081 774.76529 3586.21827 511.28116 
1493.48334 485.31867 1262.00967 186.63424 1685.57121 139.73554 
3734.35667 173.94251 685.1717 44.15827 849.82684 35.60254 
9337.51277 62.34254 374.05151 10.39053 443.22816 8.76883 
23347.83539 22.34412 204.68898 2.43911 235.30358 2.12177 
58379.72389 8.00833 112.1483 0.57186 126.19593 0.5082 
145974.65266 2.87026 61.4899 0.13398 68.10717 0.12096 
365000 1.02873 33.72977 0.03138 36.9092 0.02867 
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Parameter Value Error t-Value Prob>|t| 
     
A 4.58089 0.35213 13.00912 <0.0001 
B -0.91788 0.15101 -6.07832 5.01702E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.9169 0.84071 0.81796 0.11233 9 
Parameter LCI UCI   
A 3.74824 5.41354   
B -1.27495 -0.5608   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.46619 0.46619 36.94592 
Error 7 0.08833 0.01262  
Total 8 0.55452   
Prob>F     
5.01702E-4     
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 107.81866 165.39612 70.28498 227.43937 51.11192 
1493.48334 46.49056 96.70338 22.35054 120.71582 17.90463 
3734.35667 20.04637 57.32394 7.01028 67.61091 5.94367 
9337.51277 8.64384 34.12449 2.18951 38.86383 1.92251 
23347.83539 3.72715 20.35103 0.6826 22.64534 0.61345 
58379.72389 1.60712 12.14834 0.21261 13.2983 0.19422 
145974.65266 0.69298 7.25583 0.06618 7.84705 0.0612 
365000 0.29881 4.3352 0.0206 4.64506 0.01922 
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Parameter Value Error t-Value Prob>|t| 
A 3.38651 0.09397 36.03966 <0.0001 
B -0.40164 0.0465 -8.63775 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.92814 0.86145 0.8499 0.12614 14 
Parameter LCI UCI   
A 3.18177 3.59124   
B -0.50295 -0.30033   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.1871 1.1871 74.61068 
Error 12 0.19093 0.01591  
Total 13 1.37803   
Prob>F     
<0.0001     
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 186.84395 244.21142 142.95261 371.44783 93.98537 
1493.48334 129.3064 182.53676 91.59878 265.82151 62.89989 
3734.35667 89.48721 137.30448 58.32265 192.11988 41.68211 
9337.51277 61.93012 103.6185 37.01405 140.01049 27.39324 
23347.83539 42.85909 78.34258 23.44704 102.73439 17.8801 
58379.72389 29.66087 59.30033 14.83579 75.80248 11.60605 
145974.65266 20.52697 44.92043 9.38007 56.18274 7.49975 
365000 14.20581 34.04526 5.92755 41.7929 4.82869 
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Parameter Value Error t-Value Prob>|t| 
A 3.02155 0.1227 24.62561 <0.0001 
B -0.51719 0.06072 -8.51803 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.92633 0.85808 0.84626 0.16471 14 
Parameter LCI UCI   
A 2.75421 3.28889   
B -0.64948 -0.3849   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.96838 1.96838 72.55686 
Error 12 0.32554 0.02713  
Total 13 2.29392   
Prob>F     
<0.0001     
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 38.52518 54.65003 27.15807 94.49645 15.7063 
1493.48334 23.98259 37.61939 15.28905 61.45651 9.35889 
3734.35667 14.92958 26.11104 8.53633 40.4876 5.5052 
9337.51277 9.29393 18.20071 4.74581 26.96403 3.20342 
23347.83539 5.78563 12.71767 2.63205 18.11849 1.84748 
58379.72389 3.60166 8.89976 1.45756 12.26335 1.05778 
145974.65266 2.24209 6.23413 0.80636 8.3492 0.60209 
365000 1.39574 4.36988 0.4458 5.71142 0.34109 
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Parameter Value Error t-Value Prob>|t| 
A 5.55465 0.77225 7.1928 1.78571E-4 
B -1.35828 0.33118 -4.1014 0.00456 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.84033 0.70615 0.66417 0.24635 9 
Parameter LCI UCI   
A 3.72857 7.38073   
B -2.14139 -0.57518   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.02088 1.02088 16.82149 
Error 7 0.42483 0.06069  
Total 8 1.44571   
Prob>F     
0.00456     
 



50000 100000 150000 200000 250000 300000 350000
1E-6



1E-5



1E-4



1E-3



0.01



0.1



1



10



100



1000



10000



100000



1000000



1E7



1E8



1E9



 PCB87
 Linear Fit of DATA212147AS_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 



 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 
 
Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 50.95271 103.26647 25.14058 171.30355 15.15543 
1493.48334 14.13624 46.68825 4.28016 66.51997 3.00411 
3734.35667 3.92193 21.6206 0.71143 28.15425 0.54633 
9337.51277 1.08809 10.08742 0.11737 12.42382 0.0953 
23347.83539 0.30188 4.72174 0.0193 5.60376 0.01626 
58379.72389 0.08375 2.2139 0.00317 2.55957 0.00274 
145974.65266 0.02324 1.03907 5.19622E-4 1.17825 4.58243E-4 
365000 0.00645 0.48798 8.5165E-5 0.54517 7.62314E-5
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Parameter Value Error t-Value Prob>|t| 
A 3.24345 0.13195 24.5816 <0.0001 
B -0.50621 0.06292 -8.04569 <0.0001 
     
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.92453 0.85475 0.84155 0.11891 13 
Parameter LCI UCI   
A 2.95304 3.53386   
B -0.64469 -0.36773   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.91523 0.91523 64.73313 
Error 11 0.15552 0.01414  
Total 12 1.07076   
Prob>F     
<0.0001     
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 68.88235 92.113 51.51041 134.48153 35.28201 
1493.48334 43.31387 64.69021 29.00117 89.33434 21.00079 
3734.35667 27.23617 45.77575 16.20529 60.33913 12.294 
9337.51277 17.12636 32.50157 9.02455 41.2711 7.10696 
23347.83539 10.76922 23.11767 5.01677 28.49339 4.07028 
58379.72389 6.77179 16.46014 2.78595 19.80781 2.3151 
145974.65266 4.25816 11.72756 1.5461 13.84074 1.31004 
365000 2.67757 8.35935 0.85765 9.70878 0.73844 
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 Linear Fit of Data212147AS_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
A 5.78921 0.86281 6.70973 2.74969E-4 
B -1.65782 0.37001 -4.48048 0.00286 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.86108 0.74146 0.70452 0.27524 9 
Parameter LCI UCI   
A 3.74899 7.82942   
B -2.53276 -0.78289   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.5208 1.5208 20.07474 
Error 7 0.5303 0.07576  
Total 8 2.0511   
Prob>F     
0.00286     
 



0 50000 100000 150000 200000 250000 300000 350000
1E-7



1E-6



1E-5



1E-4



1E-3



0.01



0.1



1



10



100



1000



10000



100000



1000000



 PCB66
 Linear Fit of Data212147AS_CQ
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 15.37386 43.86501 5.38825 95.73882 2.46875 
1493.48334 3.36468 20.24485 0.55921 34.86021 0.32476 
3734.35667 0.73638 9.66404 0.05611 14.48089 0.03745 
9337.51277 0.16116 4.66124 0.00557 6.41048 0.00405 
23347.83539 0.03527 2.25829 5.50898E-4 2.93395 4.24031E-4 
58379.72389 0.00772 1.09664 5.43386E-5 1.3687 4.35376E-5 
145974.65266 0.00169 0.53325 5.35253E-6 0.64608 4.41777E-6 
365000 3.69749E-4 0.25952 5.26789E-7 0.30736 4.44808E-7
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 Linear Fit of DATA212147AS_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
     
A 5.28843 0.50709 10.429 <0.0001 
B -0.91101 0.21746 -4.18927 0.00409 
R R-



Square(COD) 
Adj. R-Square Root-MSE(SD) N 



-0.8455 0.71487 0.67413 0.16176 9 
Parameter LCI UCI   
A 4.08936 6.4875   
B -1.42522 -0.39679   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.45924 0.45924 17.55 
Error 7 0.18317 0.02617  
Total 8 0.64241   
Prob>F     
0.00409     
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 574.5181 1063.93057 310.2374 1683.18764 196.09878 
1493.48334 249.29207 715.74815 86.82738 985.07917 63.08786 
3734.35667 108.17159 491.15215 23.82376 622.93257 18.78388 
9337.51277 46.93728 339.09032 6.49711 408.93048 5.38749 
23347.83539 20.3668 234.72137 1.76723 273.75415 1.51525 
58379.72389 8.83746 162.69737 0.48004 185.32979 0.42141 
145974.65266 3.83471 112.86356 0.13029 126.34075 0.11639 
365000 1.66394 78.33323 0.03534 86.52109 0.032 
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 PCB49
 Linear Fit of DATA212147AS_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
     
A 4.94546 0.53127 9.30878 <0.0001 
B -1.07215 0.22783 -4.7059 0.00219 
R R-



Square(COD) 
Adj. R-Square Root-MSE(SD) N 



-0.87168 0.75983 0.72552 0.16948 9 
Parameter LCI UCI   
A 3.68921 6.20171   
B -1.61089 -0.53342   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.63607 0.63607 22.14551 
Error 7 0.20106 0.02872  
Total 8 0.83713   
Prob>F     
0.00219     



 



50000 100000 150000 200000 250000 300000 350000
1E-4



1E-3



0.01



0.1



1



10



100



1000



10000



100000



1000000



1E7



 PCB49
 Linear Fit of DATA212147AS_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 93.10416 177.55746 48.82017 287.11601 30.19123 
1493.48334 34.85269 105.22745 11.54366 147.04627 8.26073 
3734.35667 13.04678 63.67054 2.67343 81.67432 2.08411 
9337.51277 4.88394 38.77194 0.61521 47.17695 0.50561 
23347.83539 1.82826 23.67493 0.14118 27.81522 0.12017 
58379.72389 0.68439 14.47701 0.03235 16.5936 0.02823 
145974.65266 0.2562 8.85994 0.00741 9.9714 0.00658 
365000 0.0959 5.42515 0.0017 6.0207 0.00153 
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 PCB44
 Linear Fit of DATA212147AS_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
A 4.98846 0.54188 9.20587 <0.0001 
B -0.92408 0.23238 -3.97658 0.00535 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.83256 0.69316 0.64933 0.17286 9 
Parameter LCI UCI   
A 3.70712 6.26979   
B -1.47358 -0.37459   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.47252 0.47252 15.81323 
Error 7 0.20917 0.02988  
Total 8 0.68169   
Prob>F 
0.00535 



    



 



50000 100000 150000 200000 250000 300000 350000
1E-4



1E-3



0.01



0.1



1



10



100



1000



10000



100000



1000000



1E7



1E8



 PCB44
 Linear Fit of DATA212147AS_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 482.09896 645.42622 360.10221 838.50323 277.18368 
1493.48334 351.06539 538.85263 228.72098 663.28391 185.8132 
3734.35667 255.64648 453.09793 144.24062 536.23303 121.87821 
9337.51277 186.16226 382.08379 90.70363 439.57189 78.84122 
23347.83539 135.56371 322.65507 56.95717 363.55102 50.55004 
58379.72389 98.71775 272.68646 35.73773 302.44433 32.22145 
145974.65266 71.88645 230.56934 22.41262 252.61663 20.45654 
365000 52.34785 195.02032 14.05134 211.5941 12.95073 
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 PCB28
 Linear Fit of DATA212147AS_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
     
A 4.84606 0.35414 13.684 <0.0001 
B -1.26974 0.15187 -8.36065 <0.0001 
R R-



Square(COD) 
Adj. R-Square Root-MSE(SD) N 



-0.9534 0.90897 0.89597 0.11297 9 
Parameter LCI UCI   
A 4.00866 5.68347   
B -1.62886 -0.91062   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.89213 0.89213 69.90054 
Error 7 0.08934 0.01276  
Total 8 0.98147   
Prob>F     
<0.0001     
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 PCB28
 Linear Fit of DATA212147AS_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 20.94224 32.20448 13.61852 44.36567 9.88551 
1493.48334 6.54102 13.66281 3.13149 17.07706 2.50541 
3734.35667 2.043 5.87728 0.71017 6.93851 0.60155 
9337.51277 0.6381 2.53897 0.16037 2.89375 0.14071 
23347.83539 0.1993 1.09884 0.03615 1.22347 0.03247 
58379.72389 0.06225 0.47602 0.00814 0.52135 0.00743 
145974.65266 0.01944 0.20633 0.00183 0.22324 0.00169 
365000 0.00607 0.08946 4.12216E-4 0.09589 3.84567E-4 
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 PCB18
 Linear Fit of DATA212147AS_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
     
A 3.72331 0.36512 10.19751 <0.0001 
B -0.72088 0.15658 -4.60393 0.00247 
R R-



Square(COD) 
Adj. R-Square Root-MSE(SD) N 



-0.86703 0.75174 0.71627 0.11648 9 
Parameter LCI UCI   
A 2.85994 4.58669   
B -1.09113 -0.35063   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.28756 0.28756 21.1962 
Error 7 0.09497 0.01357  
Total 8 0.38252   
Prob>F     
0.00247     
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 PCB18
 Linear Fit of DATA212147AS_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 52.7247 82.16774 33.83194 114.3261 24.31548 
1493.48334 27.23279 58.19741 12.74326 73.24531 10.12522 
3734.35667 14.06599 41.81235 4.7319 49.61692 3.98759 
9337.51277 7.26521 30.17234 1.74939 34.52805 1.52871 
23347.83539 3.75255 21.81387 0.64553 24.36894 0.57785 
58379.72389 1.93822 15.78635 0.23797 17.33844 0.21667 
145974.65266 1.00111 11.43087 0.08768 12.39805 0.08084 
365000 0.51708 8.28008 0.03229 8.89452 0.03006 
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 PCB153
 Linear Fit of Data212147AS_DB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
A 4.86989 1.55434 3.13309 0.01654 
B -1.37978 0.66657 -2.06996 0.07722 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.61619 0.37969 0.29108 0.49584 9 
Parameter LCI UCI   
A 1.19446 8.54532   
B -2.95596 0.19641   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.05345 1.05345 4.28475 
Error 7 1.72102 0.24586  
Total 8 2.77447   
Prob>F     
0.07722     
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 PCB153
 Linear Fit of Data212147AS_DB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 10.94901 72.38667 1.65612 295.33206 0.40592 
1493.48334 3.09174 78.38529 0.12195 208.64827 0.04581 
3734.35667 0.87303 90.19836 0.00845 186.8988 0.00408 
9337.51277 0.24652 105.74642 5.74711E-4 187.74702 3.237E-4 
23347.83539 0.06961 124.97428 3.87748E-5 200.26384 2.41974E-5 
58379.72389 0.01966 148.31538 2.60519E-6 221.09033 1.74766E-6 
145974.65266 0.00555 176.4453 1.74611E-7 249.33003 1.23568E-7 
365000 0.00157 210.23528 1.1685E-8 285.13433 8.61562E-9 
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 PCB138
 Linear Fit of DATA212147AS_DA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
A 5.13034 0.99809 5.14018 0.00134 
B -1.45902 0.42802 -3.40873 0.01131 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.78997 0.62405 0.57034 0.31839 9 
Parameter LCI UCI   
A 2.77024 7.49043   
B -2.47113 -0.4469   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.17792 1.17792 11.61947 
Error 7 0.70962 0.10137  
Total 8 1.88755   
Prob>F     
0.01131     
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 PCB138
 Linear Fit of DATA212147AS_DA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 9.36172 20.50838 4.27347 35.97024 2.43651 
1493.48334 2.3318 8.7842 0.61898 13.01298 0.41783 
3734.35667 0.5808 3.86395 0.0873 5.18007 0.06512 
9337.51277 0.14466 1.71384 0.01221 2.15978 0.00969 
23347.83539 0.03603 0.76291 0.0017 0.92266 0.00141 
58379.72389 0.00897 0.34025 2.36737E-4 0.39971 2.01521E-4 
145974.65266 0.00224 0.15191 3.28957E-5 0.17466 2.86112E-5 
365000 5.56802E-4 0.06787 4.56781E-6 0.07676 4.03907E-6
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 PCB128
 Linear Fit of DATA212147AS_CZ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
A 3.71625 0.94784 3.92077 0.0078 
B -1.08297 0.412 -2.62858 0.03913 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.73159 0.53522 0.45776 0.2864 8 
Parameter LCI UCI   
A 1.39698 6.03552   
B -2.09109 -0.07485   
     
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.56675 0.56675 6.90941 
Error 6 0.49215 0.08203  
Total 7 1.0589   
Prob>F     
0.03913     
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 PCB128
 Linear Fit of DATA212147AS_CZ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 3.8621 9.33066 1.59858 15.58771 0.9569 
1493.48334 1.31273 5.6697 0.30394 8.09472 0.21289 
3734.35667 0.4462 3.53118 0.05638 4.60471 0.04324 
9337.51277 0.15166 2.21696 0.01038 2.7341 0.00841 
23347.83539 0.05155 1.39681 0.0019 1.65994 0.0016 
58379.72389 0.01752 0.88171 3.48201E-4 1.02071 3.00782E-4 
145974.65266 0.00596 0.55718 6.36593E-5 0.63262 5.60682E-5 
365000 0.00202 0.35235 1.16302E-5 0.39412 1.03975E-5
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 PCB118
 Linear Fit of DATA212147AS_CW
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
A 6.96128 1.00384 6.93468 2.24245E-4 
B -2.10255 0.43049 -4.88411 0.00179 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.87928 0.77313 0.74072 0.32023 9 
Parameter LCI UCI   
A 4.58759 9.33497   
B -3.1205 -1.08461   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 2.44619 2.44619 23.85449 
Error 7 0.71782 0.10255  
Total 8 3.16401   
Prob>F     
0.00179     
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 PCB118
 Linear Fit of DATA212147AS_CW
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 10.32831 22.35073 4.77273 38.85946 2.74512 
1493.48334 1.42518 5.25889 0.38623 7.74294 0.26232 
3734.35667 0.19666 1.27021 0.03045 1.69509 0.02282 
9337.51277 0.02714 0.30932 0.00238 0.3884 0.0019 
23347.83539 0.00374 0.07559 1.85477E-4 0.09115 1.53819E-4 
58379.72389 5.16686E-4 0.01851 1.44242E-5 0.02169 1.23094E-5 
145974.65266 7.12961E-5 0.00454 1.12053E-6 0.0052 9.7671E-7 
365000 9.83796E-6 0.00111 8.69874E-8 0.00126 7.7066E-8 
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 PCB105
 Linear Fit of DATA212147AS_CU
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 



 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 
 
 
Parameter Value Error t-Value Prob>|t| 
A 6.25348 0.99951 6.25655 4.21471E-4 
B -1.93764 0.42863 -4.52052 0.00273 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.86305 0.74485 0.7084 0.31885 9 
Parameter LCI UCI   
A 3.89002 8.61693   
B -2.9512 -0.92409   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 2.07751 2.07751 20.43507 
Error 7 0.71165 0.10166  
Total 8 2.78916   
Prob>F     
0.00273     
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 PCB105
 Linear Fit of DATA212147AS_CU
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 5.86195 13.3364 2.57659 24.03342 1.42978 
1493.48334 0.94268 3.78572 0.23474 5.71547 0.15548 
3734.35667 0.1516 1.10503 0.0208 1.5025 0.0153 
9337.51277 0.02438 0.32537 0.00183 0.41463 0.00143 
23347.83539 0.00392 0.09617 1.59818E-4 0.11738 1.30941E-4 
58379.72389 6.30451E-4 0.02848 1.39561E-5 0.03372 1.17882E-5 
145974.65266 1.01385E-4 0.00844 1.21732E-6 0.00977 1.05167E-6 
365000 1.6304E-5 0.00251 1.06102E-7 0.00285 9.32658E-8
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 PCB101
 Linear Fit of Data212147AS_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
A 5.1866 0.83941 6.17888 4.5452E-4 
B -1.12569 0.35998 -3.12712 0.01668 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.76342 0.58281 0.52321 0.26778 9 
Parameter LCI UCI   
A 3.20172 7.17149   
B -1.97689 -0.27448   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.70118 0.70118 9.77891 
Error 7 0.50193 0.0717  
Total 8 1.20311   
Prob>F     
0.01668     
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 PCB101
 Linear Fit of Data212147AS_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Curve-fit values beyond the experimental timeframe: 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 115.20849 319.50029 41.54299 682.72893 19.44109 
1493.48334 41.0623 235.33043 7.16487 399.29402 4.22274 
3734.35667 14.63532 179.11649 1.19583 265.46592 0.80686 
9337.51277 5.21628 137.71112 0.19758 187.76092 0.14492 
23347.83539 1.85917 106.33741 0.03251 137.17554 0.0252 
58379.72389 0.66264 82.29641 0.00534 102.09751 0.0043 
145974.65266 0.23618 63.77454 8.74637E-4 76.86742 7.25659E-4 
365000 0.08418 49.46254 1.43257E-4 58.3106 1.21519E-4 
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Black Rubber Pipe Hanger Liner (BRPHL) Leach Rate 
Extrapolation Results 
 
Linear Fit to Log(Y) = A + B * Log(X) 
for BRPHL at 25 deg-C 
 
tPCBs 
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 tPCBs
 Linear Fit of PSNS636624A_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.27577 0.0488 26.14112 <0.0001 
B -0.52599 0.02232 -23.56463 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.98937 0.97885 0.97708 0.10044 14 
Parameter LCI UCI   
A 1.16944 1.3821   
B -0.57463 -0.47736   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 5.60202 5.60202 555.29184 



Error 12 0.12106 0.01009  
Total 13 5.72308   
Prob>F     
<0.0001     
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 tPCBs
 Linear Fit of PSNS636624A_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.6539 0.77635 0.55077 1.11353 0.38399 
1493.48334 0.40379 0.49434 0.32983 0.69499 0.2346 
3734.35667 0.24935 0.31617 0.19665 0.43524 0.14285 
9337.51277 0.15397 0.20278 0.11692 0.27342 0.08671 
23347.83539 0.09508 0.13028 0.06939 0.17225 0.05248 
58379.72389 0.05871 0.0838 0.04114 0.1088 0.03169 
145974.65266 0.03626 0.05395 0.02437 0.06888 0.01908 
365000 0.02239 0.03475 0.01443 0.0437 0.01147 
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 Cl7
 Linear Fit of PSNS636624A_CF
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.41963 0.10049 4.17581 0.05284 
B -0.87772 0.07649 -11.47503 0.00751 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.99249 0.98504 0.97756 0.20091 4 
Parameter LCI UCI   
A -0.01275 0.852   
B -1.20683 -0.54861   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 5.31513 5.31513 131.6762 
Error 2 0.08073 0.04037  
Total 3 5.39586   
Prob>F     
0.00751     
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 Cl7
 Linear Fit of PSNS636624A_CF
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00961 0.10091 9.15942E-4 0.20928 4.41646E-4 
1493.48334 0.0043 0.05951 3.10811E-4 0.11617 1.59229E-4 
3734.35667 0.00192 0.03528 1.04941E-4 0.0653 5.66874E-5 
9337.51277 8.60714E-4 0.02099 3.53011E-5 0.03709 1.9974E-5 
23347.83539 3.85045E-4 0.01252 1.18419E-5 0.02125 6.97848E-6 
58379.72389 1.72252E-4 0.00749 3.96386E-6 0.01226 2.4211E-6 
145974.65266 7.70576E-5 0.00448 1.3246E-6 0.00711 8.35088E-7 
365000 3.44721E-5 0.00269 4.42041E-7 0.00415 2.86638E-7
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 Cl5
 Linear Fit of PSNS636624A_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.85473 0.60098 3.08618 0.01498 
B -0.99549 0.25445 -3.91227 0.00447 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.81039 0.65674 0.61383 0.20764 10 
Parameter LCI UCI   
A 0.46887 3.24059   
B -1.58226 -0.40872   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.65991 0.65991 15.30587 
Error 8 0.34492 0.04311  
Total 9 1.00483   
Prob>F     
0.00447     
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 Cl5
 Linear Fit of PSNS636624A_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.24363 0.36329 0.16338 0.6255 0.09489 
1493.48334 0.17127 0.295 0.09943 0.47138 0.06223 
3734.35667 0.1204 0.24208 0.05988 0.36289 0.03994 
9337.51277 0.08464 0.19963 0.03588 0.28402 0.02522 
23347.83539 0.0595 0.16505 0.02145 0.22509 0.01573 
58379.72389 0.04182 0.13666 0.0128 0.18008 0.00971 
145974.65266 0.0294 0.11327 0.00763 0.1451 0.00596 
365000 0.02067 0.09394 0.00455 0.11756 0.00363 
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 Cl4
 Linear Fit of PSNS636624A_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.94073 0.16212 5.80274 1.18812E-4 
B -0.55437 0.0742 -7.47173 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.914 0.8354 0.82043 0.1232 13 
Parameter LCI UCI   
A 0.58391 1.29756   
B -0.71767 -0.39107   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.84741 0.84741 55.82673 
Error 11 0.16697 0.01518  
Total 12 1.01438   
Prob>F     
<0.0001     
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 Cl4
 Linear Fit of PSNS636624A_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.25218 0.33923 0.18746 0.50339 0.12633 
1493.48334 0.15172 0.23256 0.09899 0.32329 0.07121 
3734.35667 0.09129 0.16096 0.05177 0.2122 0.03927 
9337.51277 0.05492 0.11184 0.02697 0.1415 0.02132 
23347.83539 0.03305 0.07786 0.01402 0.09542 0.01144 
58379.72389 0.01988 0.05427 0.00728 0.06486 0.00609 
145974.65266 0.01196 0.03785 0.00378 0.04434 0.00323 
365000 0.0072 0.02641 0.00196 0.03044 0.0017 
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 Cl3
 Linear Fit of PSNS636624A_CB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
 
Parameter Value Error t-Value Prob>|t| 
A -0.19319 0.29431 -0.65643 0.52504 
B -0.29684 0.1347 -2.20374 0.04976 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.55342 0.30628 0.24321 0.22367 13 
Parameter LCI UCI   
A -0.84098 0.45459   
B -0.5933 -3.70818E-4   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.24296 0.24296 4.85648 
Error 11 0.5503 0.05003  
Total 12 0.79325   
     
Prob>F     
0.04976     
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 Cl3
 Linear Fit of PSNS636624A_CB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.07038 0.10277 0.04819 0.15891 0.03117 
1493.48334 0.04916 0.08393 0.02879 0.12065 0.02003 
3734.35667 0.03433 0.06929 0.01701 0.09394 0.01255 
9337.51277 0.02398 0.05747 0.01001 0.07446 0.00772 
23347.83539 0.01675 0.04777 0.00587 0.05978 0.00469 
58379.72389 0.0117 0.03977 0.00344 0.04842 0.00283 
145974.65266 0.00817 0.03314 0.00202 0.03947 0.00169 
365000 0.00571 0.02762 0.00118 0.03232 0.00101 
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 Cl2
 Linear Fit of PSNS636624A_CA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
 
Parameter Value Error t-Value Prob>|t| 
A 0.28399 0.73761 0.38501 0.70757 
B -0.6553 0.33757 -1.94121 0.07828 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.50513 0.25516 0.18745 0.56055 13 
Parameter LCI UCI   
A -1.33948 1.90746   
B -1.3983 0.0877   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.18408 1.18408 3.76829 
Error 11 3.45643 0.31422  
Total 12 4.6405   
Prob>F     
0.07828     
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 Cl2
 Linear Fit of PSNS636624A_CA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.0561 0.10883 0.02891 0.24941 0.01262 
1493.48334 0.03006 0.07308 0.01236 0.14963 0.00604 
3734.35667 0.01611 0.05007 0.00518 0.09297 0.00279 
9337.51277 0.00863 0.03463 0.00215 0.05934 0.00126 
23347.83539 0.00462 0.02407 8.88527E-4 0.03865 5.53318E-4 
58379.72389 0.00248 0.01678 3.65918E-4 0.02556 2.40232E-4 
145974.65266 0.00133 0.01172 1.50407E-4 0.0171 1.03114E-4 
365000 7.11446E-4 0.0082 6.17434E-5 0.01154 4.38751E-5
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 Cl1
 Linear Fit of PSNS636624A_BZ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.27111 0.04555 -5.95224 1.40818E-4 
B -0.31693 0.0207 -15.30808 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.97932 0.95907 0.95498 0.03789 12 
Parameter LCI UCI   
A -0.3726 -0.16962   
B -0.36306 -0.2708   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.33647 0.33647 234.33728 
Error 10 0.01436 0.00144  
Total 11 0.35083   
Prob>F     
<0.0001     
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 Cl1
 Linear Fit of PSNS636624A_BZ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.07064 0.07715 0.06467 0.08745 0.05706 
1493.48334 0.05283 0.05979 0.04668 0.06653 0.04196 
3734.35667 0.03951 0.04649 0.03359 0.05091 0.03067 
9337.51277 0.02955 0.0362 0.02413 0.03914 0.02232 
23347.83539 0.0221 0.0282 0.01732 0.03019 0.01618 
58379.72389 0.01653 0.02198 0.01243 0.02334 0.01171 
145974.65266 0.01236 0.01714 0.00892 0.01808 0.00846 
365000 0.00925 0.01337 0.0064 0.01402 0.0061 
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 PCB87
 Linear Fit of PSNS636624A_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.63206 0.21597 2.92669 0.03276 
B -0.99977 0.09547 -10.47248 1.36942E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.97796 0.9564 0.94768 0.06143 7 
Parameter LCI UCI   
A 0.07691 1.18722   
B -1.24518 -0.75437   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.41385 0.41385 109.67283 
Error 5 0.01887 0.00377  
Total 6 0.43271   
Prob>F     
1.36942E-4     
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 PCB87
 Linear Fit of PSNS636624A_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00719 0.00998 0.00518 0.01173 0.0044 
1493.48334 0.00287 0.00494 0.00167 0.00551 0.0015 
3734.35667 0.00115 0.00246 5.37667E-4 0.00267 4.951E-4 
9337.51277 4.59969E-4 0.00123 1.72249E-4 0.00131 1.61387E-4 
23347.83539 1.83994E-4 6.14141E-4 5.51236E-5 6.47987E-4 5.22444E-5 
58379.72389 7.35999E-5 3.07242E-4 1.76309E-5 3.21554E-4 1.68461E-5 
145974.65266 2.94409E-5 1.53758E-4 5.63722E-6 1.59956E-4 5.4188E-6 
365000 1.17768E-5 7.69644E-5 1.80203E-6 7.96969E-5 1.74024E-6 
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 PCB8
 Linear Fit of PSNS636624A_CK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.94355 0.10522 -8.96782 <0.0001 
B -0.40599 0.04815 -8.43133 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93059 0.866 0.85381 0.07996 13 
Parameter LCI UCI   
A -1.17513 -0.71198   
B -0.51198 -0.30001   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.4545 0.4545 71.08728 
Error 11 0.07033 0.00639  
Total 12 0.52483   
Prob>F     
<0.0001     
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 PCB8
 Linear Fit of PSNS636624A_CK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.0088 0.01052 0.00735 0.01369 0.00565 
1493.48334 0.00624 0.00798 0.00488 0.01002 0.00389 
3734.35667 0.00443 0.00608 0.00323 0.00741 0.00265 
9337.51277 0.00314 0.00465 0.00213 0.00552 0.00179 
23347.83539 0.00223 0.00356 0.0014 0.00414 0.0012 
58379.72389 0.00158 0.00272 9.20038E-4 0.00311 8.04436E-4 
145974.65266 0.00112 0.00208 6.04851E-4 0.00235 5.36168E-4 
365000 7.96831E-4 0.0016 3.97521E-4 0.00178 3.56422E-4
 











 



 
 



A-32



PCB66 
 



0 100 200 300 400 500
1E-4



1E-3



0.01



0.1



1



10
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB66
 Linear Fit of PSNS636624A_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.5919 0.35162 -1.68337 0.12043 
B -0.59485 0.16092 -3.69651 0.00352 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.74432 0.55401 0.51347 0.26722 13 
Parameter LCI UCI   
A -1.36581 0.182   
B -0.94904 -0.24066   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.97569 0.97569 13.66421 
Error 11 0.78545 0.0714  
Total 12 1.76113   
Prob>F     
0.00352     
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 PCB66
 Linear Fit of PSNS636624A_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00571 0.01086 0.003 0.02557 0.00128 
1493.48334 0.00331 0.00836 0.00131 0.01708 6.41738E-4 
3734.35667 0.00192 0.00657 5.60969E-4 0.01196 3.08047E-4 
9337.51277 0.00111 0.0052 2.37988E-4 0.00867 1.42889E-4 
23347.83539 6.45128E-4 0.00414 1.0054E-4 0.00643 6.46872E-5 
58379.72389 3.74013E-4 0.0033 4.23725E-5 0.00486 2.87827E-5 
145974.65266 2.16834E-4 0.00264 1.78317E-5 0.00372 1.26483E-5 
365000 1.25709E-4 0.00211 7.49689E-6 0.00287 5.50755E-6 
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 PCB52
 Linear Fit of PSNS636624A_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.33621 0.12052 2.78972 0.0176 
B -0.49425 0.05516 -8.96082 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93782 0.87951 0.86856 0.09159 13 
Parameter LCI UCI   
A 0.07095 0.60147   
B -0.61565 -0.37285   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.67357 0.67357 80.29628 
Error 11 0.09227 0.00839  
Total 12 0.76584   
Prob>F     
<0.0001     
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 PCB52
 Linear Fit of PSNS636624A_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.09206 0.11477 0.07385 0.15391 0.05507 
1493.48334 0.05853 0.0804 0.04261 0.10271 0.03335 
3734.35667 0.03721 0.05672 0.02441 0.06966 0.01988 
9337.51277 0.02366 0.04014 0.01394 0.0478 0.01171 
23347.83539 0.01504 0.02844 0.00795 0.03308 0.00684 
58379.72389 0.00956 0.02017 0.00453 0.02303 0.00397 
145974.65266 0.00608 0.01431 0.00258 0.0161 0.0023 
365000 0.00386 0.01016 0.00147 0.01129 0.00132 
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 PCB49
 Linear Fit of PSNS636624A_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.14438 0.15899 -0.90813 0.38327 
B -0.61917 0.07276 -8.50962 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93173 0.86813 0.85614 0.12082 13 
Parameter LCI UCI   
A -0.49431 0.20555   
B -0.77932 -0.45903   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.05711 1.05711 72.41369 
Error 11 0.16058 0.0146  
Total 12 1.21769   
Prob>F     
<0.0001     
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 PCB49
 Linear Fit of PSNS636624A_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.0137 0.01832 0.01024 0.02698 0.00695 
1493.48334 0.00777 0.01181 0.00511 0.01631 0.0037 
3734.35667 0.0044 0.00768 0.00252 0.01007 0.00193 
9337.51277 0.0025 0.00501 0.00124 0.00632 9.86964E-4 
23347.83539 0.00142 0.00328 6.10782E-4 0.004 5.00369E-4 
58379.72389 8.02554E-4 0.00215 2.99796E-4 0.00256 2.51701E-4 
145974.65266 4.55023E-4 0.00141 1.47053E-4 0.00164 1.25902E-4 
365000 2.57984E-4 9.23104E-4 7.20999E-5 0.00106 6.27164E-5
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 PCB44
 Linear Fit of PSNS636624A_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.05879 0.13384 0.43926 0.66898 
B -0.50696 0.06125 -8.27626 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.92824 0.86163 0.84905 0.10171 13 
Parameter LCI UCI   
A -0.23579 0.35338   
B -0.64178 -0.37214   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.70866 0.70866 68.49646 
Error 11 0.1138 0.01035  
Total 12 0.82246   
Prob>F     
<0.0001     
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 PCB44
 Linear Fit of PSNS636624A_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.04481 0.05724 0.03508 0.07929 0.02532 
1493.48334 0.02816 0.04006 0.01979 0.05258 0.01508 
3734.35667 0.01769 0.02826 0.01108 0.0355 0.00882 
9337.51277 0.01112 0.02 0.00618 0.02429 0.00509 
23347.83539 0.00699 0.01418 0.00344 0.01677 0.00291 
58379.72389 0.00439 0.01006 0.00192 0.01165 0.00165 
145974.65266 0.00276 0.00714 0.00107 0.00814 9.35357E-4 
365000 0.00173 0.00507 5.92732E-4 0.0057 5.27086E-4
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 PCB28
 Linear Fit of PSNS636624A_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
 
Parameter Value Error t-Value Prob>|t| 
A -0.60601 0.2656 -2.28164 0.05194 
B -0.42758 0.12878 -3.32016 0.01054 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.76123 0.57947 0.5269 0.18499 10 
Parameter LCI UCI   
A -1.21849 0.00647   
B -0.72455 -0.13061   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.37724 0.37724 11.02348 
Error 8 0.27377 0.03422  
Total 9 0.65101   
     
Prob>F     
0.01054     
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 PCB28
 Linear Fit of PSNS636624A_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01246 0.01741 0.00892 0.0231 0.00672 
1493.48334 0.00818 0.01273 0.00526 0.01617 0.00414 
3734.35667 0.00537 0.00935 0.00309 0.01148 0.00252 
9337.51277 0.00353 0.00689 0.00181 0.00823 0.00151 
23347.83539 0.00232 0.00508 0.00106 0.00594 9.04593E-4 
58379.72389 0.00152 0.00375 6.17315E-4 0.00431 5.37557E-4 
145974.65266 9.99888E-4 0.00277 3.60291E-4 0.00314 3.18219E-4 
365000 6.56672E-4 0.00205 2.10195E-4 0.0023 1.87834E-4
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 PCB184
 Linear Fit of PSNS636624A_DJ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.44569 0.09716 -4.5874 0.04438 
B -0.90943 0.07395 -12.29758 0.00655 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.99345 0.98695 0.98042 0.19425 4 
Parameter LCI UCI   
A -0.86372 -0.02766   
B -1.22762 -0.59124   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 5.7061 5.7061 151.2305 
Error 2 0.07546 0.03773  
Total 3 5.78156   
Prob>F     
0.00655     
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 PCB184
 Linear Fit of PSNS636624A_DJ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00107 0.01039 1.10253E-4 0.02104 5.44637E-5 
1493.48334 4.65138E-4 0.0059 3.6676E-5 0.01126 1.92107E-5 
3734.35667 2.02122E-4 0.00336 1.21412E-5 0.0061 6.69388E-6 
9337.51277 8.78303E-5 0.00193 4.00491E-6 0.00334 2.30928E-6 
23347.83539 3.81659E-5 0.00111 1.3175E-6 0.00184 7.90155E-7 
58379.72389 1.65847E-5 6.35925E-4 4.32523E-7 0.00102 2.68538E-7 
145974.65266 7.20674E-6 3.66371E-4 1.41761E-7 5.72303E-4 9.07511E-8 
365000 3.13163E-6 2.11351E-4 4.6402E-8 3.21285E-4 3.05246E-8
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 PCB18
 Linear Fit of PSNS636624A_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
 
Parameter Value Error t-Value Prob>|t| 
A -0.92319 0.1374 -6.71885 <0.0001 
B -0.36636 0.06288 -5.82594 1.1485E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.86904 0.75524 0.73299 0.10442 13 
Parameter LCI UCI   
A -1.22561 -0.62077   
B -0.50477 -0.22795   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.37009 0.37009 33.94163 
Error 11 0.11994 0.0109  
Total 12 0.49003   
Prob>F     
1.1485E-4     
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 PCB18
 Linear Fit of PSNS636624A_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.0104 0.01218 0.00887 0.01501 0.0072 
1493.48334 0.00726 0.00901 0.00585 0.01078 0.00489 
3734.35667 0.00507 0.00669 0.00384 0.00781 0.00329 
9337.51277 0.00354 0.00498 0.00252 0.0057 0.0022 
23347.83539 0.00247 0.00371 0.00165 0.00417 0.00147 
58379.72389 0.00173 0.00276 0.00108 0.00307 9.72073E-4 
145974.65266 0.00121 0.00206 7.06615E-4 0.00226 6.42956E-4 
365000 8.42452E-4 0.00154 4.62238E-4 0.00167 4.24375E-4
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 PCB118
 Linear Fit of PSNS636624A_CW
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.56213 0.33848 4.61508 0.01914 
B -1.44605 0.15432 -9.37027 0.00257 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.98334 0.96696 0.95595 0.08278 5 
Parameter LCI UCI   
A 0.48492 2.63935   
B -1.93717 -0.95492   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.6017 0.6017 87.80202 
Error 3 0.02056 0.00685  
Total 4 0.62226   
Prob>F     
0.00257     
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 PCB118
 Linear Fit of PSNS636624A_CW
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00353 0.0073 0.00171 0.00909 0.00137 
1493.48334 9.37759E-4 0.00298 2.95049E-4 0.00346 2.54089E-4 
3734.35667 2.49197E-4 0.00123 5.04438E-5 0.00138 4.51302E-5 
9337.51277 6.62207E-5 5.10489E-4 8.59016E-6 5.57551E-4 7.86508E-6 
23347.83539 1.75973E-5 2.12077E-4 1.46015E-6 2.28104E-4 1.35756E-6 
58379.72389 4.67624E-6 8.81929E-5 2.47947E-7 9.38332E-5 2.33043E-7 
145974.65266 1.24265E-6 3.66975E-5 4.20784E-8 3.87305E-5 3.98697E-8 
365000 3.30217E-7 1.52759E-5 7.13822E-9 1.60221E-5 6.80579E-9
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 PCB101
 Linear Fit of PSNS636624A_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.33537 0.30919 4.31898 0.00255 
B -1.22506 0.13091 -9.35812 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.95723 0.9163 0.90583 0.10683 10 
Parameter LCI UCI   
A 0.62238 2.04835   
B -1.52694 -0.92318   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.99937 0.99937 87.5745 
Error 8 0.09129 0.01141  
Total 9 1.09066   



Prob>F     
<0.0001     
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 PCB101
 Linear Fit of PSNS636624A_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.0086 0.01217 0.00607 0.01672 0.00442 
1493.48334 0.0028 0.00511 0.00153 0.0064 0.00122 
3734.35667 9.10304E-4 0.00217 3.8143E-4 0.00257 3.2225E-4 
9337.51277 2.96206E-4 9.28012E-4 9.45438E-5 0.00106 8.27608E-5 
23347.83539 9.6383E-5 3.9711E-4 2.33933E-5 4.43015E-4 2.09692E-5 
58379.72389 3.13623E-5 1.70082E-4 5.78304E-6 1.86586E-4 5.27151E-6 
145974.65266 1.0205E-5 7.28843E-5 1.42888E-6 7.89697E-5 1.31877E-6 
365000 3.32064E-6 3.1243E-5 3.52931E-7 3.35302E-5 3.28857E-7 
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Electrical Cable (EC) Leach Rate Extrapolation Results 
 
Linear Fit to Log(Y) = A + B * Log(X) 
for EC at 25 deg-C 
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 tPCBs
 Linear Fit of Data01186L3B_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.03602 0.18209 -0.1978 0.84651 
B -0.41634 0.08409 -4.95138 3.35599E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.81938 0.67138 0.64399 0.16924 14 
Parameter LCI UCI   
A -0.43277 0.36073   
B -0.59955 -0.23313   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 



Model 1 0.7022 0.7022 24.51619 
Error 12 0.34371 0.02864  
Total 13 1.0459   
Prob>F     
3.35599E-4     
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 tPCBs
 Linear Fit of Data01186L3B_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.06429 0.09263 0.04462 0.16202 0.02551 
1493.48334 0.0439 0.07293 0.02642 0.11805 0.01632 
3734.35667 0.02997 0.05811 0.01546 0.08797 0.01021 
9337.51277 0.02047 0.04655 0.009 0.06671 0.00628 
23347.83539 0.01397 0.03739 0.00522 0.05127 0.00381 
58379.72389 0.00954 0.03008 0.00303 0.0398 0.00229 
145974.65266 0.00651 0.02423 0.00175 0.03112 0.00136 
365000 0.00445 0.01952 0.00101 0.02448 8.08216E-4
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 Cl6
 Linear Fit of DATA01186L3B_CE
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
 
 
Parameter Value Error t-Value Prob>|t| 
A 0.52608 0.85458 0.61561 0.60087 
B -0.9446 0.36082 -2.61791 0.12017 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.87983 0.7741 0.66115 0.14816 4 
Parameter LCI UCI   
A -3.15087 4.20303   
B -2.49709 0.60789   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.15044 0.15044 6.85347 
Error 2 0.0439 0.02195  
Total 3 0.19434   
Prob>F     
0.12017     



 



50000 100000 150000 200000 250000 300000 350000
1E-10
1E-9
1E-8
1E-7
1E-6
1E-5
1E-4
1E-3
0.01
0.1



1
10



100
1000



10000
100000



1000000
1E7
1E8
1E9



 



 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 Cl6
 Linear Fit of DATA01186L3B_CE
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.0128 0.03247 0.00504 0.05396 0.00303 
1493.48334 0.00905 0.03755 0.00218 0.05458 0.0015 
3734.35667 0.00641 0.04442 9.23955E-4 0.05931 6.91882E-4 
9337.51277 0.00453 0.05299 3.87736E-4 0.06694 3.06932E-4 
23347.83539 0.00321 0.06347 1.62059E-4 0.07715 1.33314E-4 
58379.72389 0.00227 0.07619 6.75843E-5 0.09006 5.71717E-5 
145974.65266 0.00161 0.09158 2.81471E-5 0.106 2.43185E-5 
365000 0.00114 0.11018 1.17122E-5 0.12545 1.02872E-5
 











 



 
 



A-43



Cl5 
 



0 100 200 300 400 500
1E-3



0.01



0.1



1



10



100



 



 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 Cl5
 Linear Fit of DATA01186L3B_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
 
 
Parameter Value Error t-Value Prob>|t| 
A -0.61403 0.2197 -2.79488 0.0162 
B -0.2883 0.10145 -2.84181 0.01485 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.63425 0.40227 0.35246 0.20419 14 
Parameter LCI UCI   
A -1.09271 -0.13535   
B -0.50934 -0.06726   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.33671 0.33671 8.07591 
Error 12 0.50032 0.04169  
Total 13 0.83703   
Prob>F     
0.01485     
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 Cl5
 Linear Fit of DATA01186L3B_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.04552 0.064 0.03237 0.10392 0.01994 
1493.48334 0.0366 0.05856 0.02287 0.08883 0.01508 
3734.35667 0.02943 0.05414 0.016 0.07747 0.01118 
9337.51277 0.02366 0.05029 0.01113 0.06862 0.00816 
23347.83539 0.01903 0.04682 0.00773 0.0615 0.00589 
58379.72389 0.0153 0.04366 0.00536 0.0556 0.00421 
145974.65266 0.0123 0.04074 0.00371 0.05059 0.00299 
365000 0.00989 0.03805 0.00257 0.04627 0.00211 
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 Cl4
 Linear Fit of DATA01186L3B_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
 
Parameter Value Error t-Value Prob>|t| 
A -0.83355 0.24309 -3.42904 0.00645 
B -0.26155 0.10579 -2.47231 0.03297 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.61592 0.37936 0.31729 0.12087 12 
Parameter LCI UCI   
A -1.37518 -0.29192   
B -0.49728 -0.02583   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.0893 0.0893 6.11231 
Error 10 0.14609 0.01461  
Total 11 0.23539   
Prob>F     
0.03297     
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 Cl4
 Linear Fit of DATA01186L3B_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.0204 0.02248 0.01852 0.02443 0.01704 
1493.48334 0.01391 0.01617 0.01196 0.01722 0.01123 
3734.35667 0.00948 0.01166 0.0077 0.01226 0.00733 
9337.51277 0.00646 0.00842 0.00495 0.00877 0.00476 
23347.83539 0.0044 0.00608 0.00319 0.00629 0.00308 
58379.72389 0.003 0.00439 0.00205 0.00452 0.00199 
145974.65266 0.00204 0.00318 0.00132 0.00326 0.00128 
365000 0.00139 0.00229 8.45864E-4 0.00235 8.26982E-4
 
 











 



 
 



A-45



PCB87 
 



0 100 200 300 400 500
1E-4



1E-3



0.01



0.1



1



10



 



 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB87
 Linear Fit of DATA01186L3B_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
 
Parameter Value Error t-Value Prob>|t| 
A -1.70219 0.50624 -3.36242 0.0099 
B -0.31829 0.21661 -1.46941 0.17992 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.46101 0.21253 0.1141 0.19444 10 
Parameter LCI UCI   
A -2.86959 -0.5348   
B -0.81781 0.18122   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.08163 0.08163 2.15916 
Error 8 0.30245 0.03781  
Total 9 0.38408   
Prob>F     
0.17992     
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 PCB87
 Linear Fit of DATA01186L3B_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00149 0.00214 0.00104 0.00271 8.23952E-4 
1493.48334 8.30716E-4 0.00149 4.62657E-4 0.00176 3.91249E-4 
3734.35667 4.61815E-4 0.00105 2.0348E-4 0.00119 1.79207E-4 
9337.51277 2.56734E-4 7.3891E-4 8.92025E-5 8.17653E-4 8.0612E-5 
23347.83539 1.42725E-4 5.21675E-4 3.90481E-5 5.67295E-4 3.5908E-5 
58379.72389 7.93443E-5 3.68593E-4 1.70799E-5 3.95863E-4 1.59033E-5 
145974.65266 4.41095E-5 2.60552E-4 7.46741E-6 2.77237E-4 7.01798E-6 
365000 2.45215E-5 1.84234E-4 3.26381E-6 1.94627E-4 3.08953E-6
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 PCB66
 Linear Fit of DATA01186L3B_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -2.66793 0.49274 -5.41452 6.34932E-4 
B -0.11283 0.21285 -0.53008 0.61045 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.1842 0.03393 -0.08683 0.17797 10 
Parameter LCI UCI   
A -3.80419 -1.53168   
B -0.60366 0.378   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.0089 0.0089 0.28098 
Error 8 0.25339 0.03167  
Total 9 0.26229   
Prob>F     
0.61045     
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 PCB66
 Linear Fit of DATA01186L3B_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 9.59632E-4 0.00149 6.16031E-4 0.00247 3.7217E-4 
1493.48334 7.92502E-4 0.00153 4.10674E-4 0.0023 2.7337E-4 
3734.35667 6.54479E-4 0.00159 2.70169E-4 0.00221 1.93605E-4 
9337.51277 5.40495E-4 0.00165 1.76816E-4 0.00218 1.33798E-4 
23347.83539 4.46362E-4 0.00173 1.15428E-4 0.00219 9.09727E-5 
58379.72389 3.68623E-4 0.00181 7.52484E-5 0.00222 6.1178E-5 
145974.65266 3.04424E-4 0.00189 4.90128E-5 0.00227 4.08287E-5 
365000 2.51405E-4 0.00198 3.19065E-5 0.00233 2.71002E-5
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 PCB52
 Linear Fit of DATA01186L3B_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
 
Parameter Value Error t-Value Prob>|t| 
A -1.44774 0.11532 -12.55391 <0.0001 
B -0.21297 0.05325 -3.99923 0.00176 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.75587 0.57133 0.53561 0.10718 14 
Parameter LCI UCI   
A -1.699 -1.19647   
B -0.32899 -0.09694   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.18373 0.18373 15.99386 
Error 12 0.13785 0.01149  
Total 13 0.32159   
Prob>F     
0.00176     
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 PCB52
 Linear Fit of DATA01186L3B_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00768 0.00924 0.00639 0.01159 0.00509 
1493.48334 0.00598 0.0077 0.00465 0.00934 0.00383 
3734.35667 0.00466 0.00645 0.00336 0.00761 0.00285 
9337.51277 0.00362 0.00541 0.00243 0.00624 0.0021 
23347.83539 0.00282 0.00455 0.00175 0.00515 0.00155 
58379.72389 0.0022 0.00382 0.00126 0.00427 0.00113 
145974.65266 0.00171 0.00322 9.0969E-4 0.00355 8.23759E-4 
365000 0.00133 0.00271 6.55307E-4 0.00296 5.99123E-4
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 PCB49
 Linear Fit of Data01186L3B_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -1.93671 0.11862 -16.32654 <0.0001 
B -0.34807 0.05544 -6.2786 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.88421 0.78184 0.762 0.10942 13 
Parameter LCI UCI   
A -2.1978 -1.67562   
B -0.47009 -0.22605   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.47202 0.47202 39.4208 
Error 11 0.13171 0.01197  
Total 12 0.60373   
Prob>F     
<0.0001     
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 PCB49
 Linear Fit of Data01186L3B_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00125 0.00161 9.72318E-4 0.0023 6.8006E-4 
1493.48334 9.08738E-4 0.00129 6.42532E-4 0.00175 4.72516E-4 
3734.35667 6.60541E-4 0.00104 4.21348E-4 0.00135 3.23481E-4 
9337.51277 4.80133E-4 8.37197E-4 2.75356E-4 0.00105 2.18936E-4 
23347.83539 3.48998E-4 6.78066E-4 1.79628E-4 8.29086E-4 1.46908E-4 
58379.72389 2.53679E-4 5.49752E-4 1.17058E-4 6.57039E-4 9.79439E-5 
145974.65266 1.84393E-4 4.46011E-4 7.62335E-5 5.23221E-4 6.4984E-5 
365000 1.34032E-4 3.62004E-4 4.96251E-5 4.18192E-4 4.29574E-5
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 PCB44
 Linear Fit of Data01186L3B_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -1.62759 0.12457 -13.06588 <0.0001 
B -0.28017 0.05752 -4.8707 3.84522E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.81492 0.66409 0.6361 0.11577 14 
Parameter LCI UCI   
A -1.899 -1.35618   
B -0.4055 -0.15484   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.31799 0.31799 23.72372 
Error 12 0.16085 0.0134  
Total 13 0.47883   
Prob>F     
3.84522E-4     
 



0 50000 100000 150000 200000 250000 300000 350000
1E-5



1E-4



1E-3



0.01



0.1



1
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB44
 Linear Fit of Data01186L3B_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00393 0.00505 0.00306 0.0074 0.00209 
1493.48334 0.00304 0.0043 0.00215 0.00598 0.00155 
3734.35667 0.00235 0.0037 0.0015 0.00491 0.00113 
9337.51277 0.00182 0.00319 0.00104 0.00408 8.1095E-4 
23347.83539 0.00141 0.00276 7.1798E-4 0.00343 5.78563E-4 
58379.72389 0.00109 0.00239 4.9644E-4 0.00289 4.09959E-4 
145974.65266 8.42418E-4 0.00207 3.43029E-4 0.00246 2.88998E-4 
365000 6.51652E-4 0.00179 2.3692E-4 0.00209 2.02929E-4
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 PCB153
 Linear Fit of DATA01186L3B_DB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-ValueProb>|t| 
ParameterValue Value Error t-Value Prob>|t| 
A -1.24549 1.18876 -1.04772 0.40472 
B -0.62444 0.50192 -1.24409 0.3395 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.6605 0.43626 0.1544 0.20609 4 
Parameter LCI UCI   
A -6.36032 3.86934   
B -2.78403 1.53516   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.06574 0.06574 1.54776 
Error 2 0.08495 0.04247  
Total 3 0.15069   
Prob>F     
0.3395     
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 PCB153
 Linear Fit of DATA01186L3B_DB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00122 0.00474 3.11473E-4 0.00823 1.79389E-4 
1493.48334 8.26563E-4 0.00807 8.4621E-5 0.01165 5.86344E-5 
3734.35667 5.62163E-4 0.01423 2.22016E-5 0.01862 1.69753E-5 
9337.51277 3.82339E-4 0.02538 5.76008E-6 0.03131 4.66868E-6 
23347.83539 2.60037E-4 0.04547 1.48707E-6 0.05401 1.25199E-6 
58379.72389 1.76857E-4 0.08168 3.82922E-7 0.09448 3.31063E-7 
145974.65266 1.20284E-4 0.14696 9.84513E-8 0.16669 8.67979E-8 
365000 8.18077E-5 0.26465 2.52877E-8 0.29573 2.26304E-8
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 PCB118
 Linear Fit of Data01186L3B_CW
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -1.08308 0.40557 -2.6705 0.03198 
B -0.59373 0.17662 -3.36152 0.01206 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.7858 0.61748 0.56284 0.14394 9 
Parameter LCI UCI   
A -2.0421 -0.12405   
B -1.01138 -0.17608   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.23413 0.23413 11.29983 
Error 7 0.14504 0.02072  
Total 8 0.37917   
Prob>F     
0.01206     
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 PCB118
 Linear Fit of Data01186L3B_CW
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00186 0.0032 0.00108 0.00482 7.15009E-4 
1493.48334 0.00108 0.00265 4.38565E-4 0.00355 3.26933E-4 
3734.35667 6.25169E-4 0.00223 1.75609E-4 0.00278 1.40592E-4 
9337.51277 3.62814E-4 0.00188 6.99423E-5 0.00225 5.85938E-5 
23347.83539 2.10558E-4 0.0016 2.77911E-5 0.00185 2.4007E-5 
58379.72389 1.22196E-4 0.00135 1.10289E-5 0.00153 9.73805E-6 
145974.65266 7.09161E-5 0.00115 4.37356E-6 0.00128 3.92527E-6 
365000 4.11559E-5 9.77078E-4 1.73354E-6 0.00108 1.5756E-6 
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 PCB105
 Linear Fit of DATA01186L3B_CU
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -1.76382 1.28272 -1.37506 0.26281 
B -0.44342 0.54016 -0.8209 0.47186 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.42828 0.18342 -0.08877 0.22264 5 
Parameter LCI UCI   
A -5.84604 2.31839   
B -2.16246 1.27563   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.0334 0.0334 0.67387 
Error 3 0.14871 0.04957  
Total 4 0.18211   
Prob>F     
0.47186     
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 PCB105
 Linear Fit of DATA01186L3B_CU
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 7.3898E-4 0.00111 4.91576E-4 0.00133 4.09075E-4 
1493.48334 4.79558E-4 8.79436E-4 2.61504E-4 0.00101 2.28237E-4 
3734.35667 3.11207E-4 7.01051E-4 1.38149E-4 7.795E-4 1.24246E-4 
9337.51277 2.01956E-4 5.6039E-4 7.27822E-5 6.10883E-4 6.67663E-5 
23347.83539 1.31059E-4 4.4856E-4 3.82924E-5 4.82265E-4 3.56161E-5 
58379.72389 8.50501E-5 3.5932E-4 2.01311E-5 3.82432E-4 1.89145E-5 
145974.65266 5.51929E-5 2.8797E-4 1.05784E-5 3.04144E-4 1.00158E-5 
365000 3.58172E-5 2.3086E-4 5.55693E-6 2.4236E-4 5.29324E-6
 











 



 
 



A-53



PCB101 
 



0 100 200 300 400 500
1E-4



1E-3



0.01



0.1



1



10



100



 



 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB101
 Linear Fit of DATA01186L3B_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -1.05476 0.46768 -2.25531 0.05056 
B -0.51633 0.199 -2.59464 0.02899 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.65416 0.42792 0.36436 0.18111 11 
Parameter LCI UCI   
A -2.11271 0.0032   
B -0.9665 -0.06616   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.22081 0.22081 6.73215 
Error 9 0.29519 0.0328  
Total 10 0.516   
Prob>F     
0.02899     
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 PCB101
 Linear Fit of DATA01186L3B_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00207 0.00299 0.00144 0.00391 0.0011 
1493.48334 0.00101 0.00184 5.53684E-4 0.00224 4.56572E-4 
3734.35667 4.92399E-4 0.00115 2.10626E-4 0.00133 1.82016E-4 
9337.51277 2.39916E-4 7.20885E-4 7.98462E-5 8.09738E-4 7.10846E-5 
23347.83539 1.16897E-4 4.52148E-4 3.02222E-5 4.97761E-4 2.74527E-5 
58379.72389 5.69568E-5 2.83824E-4 1.14299E-5 3.08E-4 1.05327E-5 
145974.65266 2.77517E-5 1.78249E-4 4.32067E-6 1.9137E-4 4.02442E-6 
365000 1.35217E-5 1.11979E-4 1.63277E-6 1.19232E-4 1.53346E-6
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Foam Rubber/Ensolite® (FRE) Leach Rate Extrapolation Results 
 
Linear Fit to Log(Y) = A + B * Log(X) 
for FRE at 25 deg-C 
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 tPCBs
 Linear Fit of PSNS6471659A_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.86578 0.16062 11.61588 <0.0001 
B -0.52023 0.07185 -7.24046 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.91641 0.83981 0.82379 0.10003 12 
Parameter LCI UCI   
A 1.50789 2.22366   
B -0.68033 -0.36014   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.52452 0.52452 52.42419 



Error 10 0.10005 0.01001  
Total 11 0.62457   
Prob>F     
<0.0001     
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 tPCBs
 Linear Fit of PSNS6471659A_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 2.63945 3.42056 2.03671 4.69037 1.48532 
1493.48334 1.63852 2.41713 1.11072 3.11933 0.86069 
3734.35667 1.01717 1.72362 0.60026 2.12314 0.48731 
9337.51277 0.63144 1.23335 0.32328 1.46784 0.27163 
23347.83539 0.39199 0.88399 0.17382 1.02539 0.14985 
58379.72389 0.24334 0.63417 0.09337 0.72135 0.08209 
145974.65266 0.15106 0.45519 0.05013 0.50992 0.04475 
365000 0.09378 0.32685 0.02691 0.36171 0.02431 
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 Cl6
 Linear Fit of PSNS6471659A_CE
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 2.64134 0.67207 3.93019 0.01107 
B -1.1711 0.27794 -4.21344 0.00838 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.88332 0.78025 0.7363 0.10547 7 
Parameter LCI UCI   
A 0.91374 4.36894   
B -1.88558 -0.45662   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.19747 0.19747 17.75307 
Error 5 0.05562 0.01112  
Total 6 0.25309   
Prob>F     
0.00838     
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 Cl6
 Linear Fit of PSNS6471659A_CE
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.24555 0.46628 0.12931 0.60092 0.10034 
1493.48334 0.08395 0.29988 0.0235 0.34661 0.02033 
3734.35667 0.0287 0.19586 0.00421 0.21622 0.00381 
9337.51277 0.00981 0.12841 7.49885E-4 0.13837 6.95919E-4 
23347.83539 0.00335 0.08431 1.33494E-4 0.08952 1.25735E-4 
58379.72389 0.00115 0.0554 2.37468E-5 0.05824 2.25902E-5 
145974.65266 3.92143E-4 0.03642 4.22246E-6 0.03801 4.04556E-6 
365000 1.34069E-4 0.02395 7.50607E-7 0.02486 7.23022E-7
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 Cl5
 Linear Fit of PSNS6471659A_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.57794 0.18496 8.5311 <0.0001 
B -0.53458 0.08274 -6.46108 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.89819 0.80675 0.78742 0.11518 12 
Parameter LCI UCI   
A 1.16582 1.99007   
B -0.71894 -0.35023   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.55385 0.55385 41.74551 
Error 10 0.13267 0.01327  
Total 11 0.68653   
Prob>F     
<0.0001     
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 Cl5
 Linear Fit of PSNS6471659A_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 1.2412 1.67296 0.92087 2.40643 0.64019 
1493.48334 0.76045 1.18988 0.486 1.59606 0.36232 
3734.35667 0.4659 0.85518 0.25383 1.08721 0.19965 
9337.51277 0.28545 0.61708 0.13204 0.75403 0.10806 
23347.83539 0.17488 0.44612 0.06856 0.52924 0.05779 
58379.72389 0.10715 0.32286 0.03556 0.37448 0.03066 
145974.65266 0.06565 0.2338 0.01843 0.26646 0.01617 
365000 0.04022 0.16938 0.00955 0.19035 0.0085 
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 Cl4
 Linear Fit of PSNS6471659A_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.16854 0.08714 13.40979 <0.0001 
B -0.41978 0.04033 -10.40811 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.95279 0.90782 0.89944 0.07681 13 
Parameter LCI UCI   
A 0.97674 1.36033   
B -0.50855 -0.33101   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.6391 0.6391 108.32874 
Error 11 0.0649 0.0059  
Total 12 0.704   
Prob>F     
<0.0001     
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 Cl4
 Linear Fit of PSNS6471659A_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 1.0073 1.20136 0.84459 1.54427 0.65704 
1493.48334 0.68562 0.87647 0.53632 1.08635 0.43271 
3734.35667 0.46666 0.64308 0.33864 0.77273 0.28182 
9337.51277 0.31763 0.473 0.2133 0.55433 0.182 
23347.83539 0.2162 0.34835 0.13418 0.40016 0.1168 
58379.72389 0.14715 0.25673 0.08434 0.29023 0.07461 
145974.65266 0.10016 0.1893 0.05299 0.21122 0.04749 
365000 0.06817 0.13962 0.03329 0.15413 0.03015 
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 Cl3
 Linear Fit of PSNS6471659A_CB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.20111 0.07037 -2.85785 0.01441 
B -0.31499 0.0338 -9.31925 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93734 0.8786 0.86849 0.09284 14 
Parameter LCI UCI   
A -0.35444 -0.04778   
B -0.38863 -0.24134   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.74861 0.74861 86.8485 
Error 12 0.10344 0.00862  
Total 13 0.85204   
Prob>F     
<0.0001     
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 Cl3
 Linear Fit of PSNS6471659A_CB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.08403 0.10137 0.06965 0.13884 0.05086 
1493.48334 0.06296 0.08022 0.04941 0.10643 0.03724 
3734.35667 0.04717 0.06382 0.03487 0.08219 0.02707 
9337.51277 0.03534 0.0509 0.02454 0.06386 0.01956 
23347.83539 0.02648 0.04066 0.01725 0.04988 0.01406 
58379.72389 0.01984 0.03251 0.01211 0.03912 0.01006 
145974.65266 0.01487 0.02601 0.0085 0.03078 0.00718 
365000 0.01114 0.02082 0.00596 0.02429 0.00511 
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 Cl2
 Linear Fit of PSNS6471659A_CA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.45198 0.29693 1.52218 0.15387 
B -0.6714 0.14261 -4.70778 5.0749E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.80545 0.64874 0.61947 0.39174 14 
Parameter LCI UCI   
A -0.19497 1.09893   
B -0.98213 -0.36067   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 3.40118 3.40118 22.1632 
Error 12 1.84153 0.15346  
Total 13 5.2427   
Prob>F     
5.0749E-4     
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 Cl2
 Linear Fit of PSNS6471659A_CA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.03873 0.08548 0.01755 0.32228 0.00465 
1493.48334 0.02093 0.05819 0.00753 0.19184 0.00228 
3734.35667 0.01131 0.04049 0.00316 0.11777 0.00109 
9337.51277 0.00611 0.0285 0.00131 0.07421 5.03815E-4 
23347.83539 0.0033 0.02018 5.412E-4 0.04779 2.28551E-4 
58379.72389 0.00179 0.01435 2.22366E-4 0.03132 1.01866E-4 
145974.65266 9.65365E-4 0.01023 9.11354E-5 0.02082 4.47554E-5 
365000 5.21753E-4 0.0073 3.72869E-5 0.01401 1.94362E-5
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 PCB87
 Linear Fit of PSNS6471659A_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
     
A 0.57289 0.22231 2.57697 0.02756 
B -0.59151 0.09945 -5.94803 1.41616E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.88297 0.77963 0.7576 0.13844 12 
Parameter LCI UCI   
A 0.07755 1.06823   
B -0.81309 -0.36993   
ANOVA 
Table: 



    



 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.67808 0.67808 35.37902 
Error 10 0.19166 0.01917  
Total 11 0.86974   
Prob>F     
1.41616E-
4 
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 PCB87
 Linear Fit of PSNS6471659A_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.08526 0.12206 0.05956 0.18895 0.03847 
1493.48334 0.04958 0.08492 0.02895 0.12087 0.02034 
3734.35667 0.02883 0.05983 0.0139 0.07984 0.01041 
9337.51277 0.01677 0.04235 0.00664 0.05389 0.00522 
23347.83539 0.00975 0.03005 0.00316 0.0369 0.00258 
58379.72389 0.00567 0.02135 0.00151 0.02552 0.00126 
145974.65266 0.0033 0.01518 7.16401E-4 0.01776 6.12227E-4 
365000 0.00192 0.0108 3.40597E-4 0.01242 2.96021E-4 
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 PCB8
 Linear Fit of PSNS6471659A_CK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.64917 0.05706 -11.37723 <0.0001 
B -0.38722 0.02641 -14.66244 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.97536 0.95132 0.9469 0.05029 13 
Parameter LCI UCI   
A -0.77476 -0.52359   
B -0.44535 -0.32909   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.54381 0.54381 214.98719 
Error 11 0.02782 0.00253  
Total 12 0.57163   
Prob>F     
<0.0001     
 



50000 100000 150000 200000 250000 300000 350000
1E-4



1E-3



0.01



0.1
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB8
 Linear Fit of PSNS6471659A_CK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01887 0.02118 0.01682 0.02497 0.01427 
1493.48334 0.01323 0.01554 0.01127 0.01789 0.00979 
3734.35667 0.00928 0.01145 0.00752 0.01291 0.00667 
9337.51277 0.00651 0.00845 0.00501 0.00937 0.00452 
23347.83539 0.00456 0.00624 0.00334 0.00683 0.00305 
58379.72389 0.0032 0.00461 0.00222 0.00499 0.00205 
145974.65266 0.00224 0.00341 0.00148 0.00366 0.00138 
365000 0.00157 0.00252 9.84316E-4 0.00269 9.22612E-4
 











 



 
 



A-62



PCB66 
 



0 100 200 300 400 500
1E-3



0.01



0.1



1



10
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB66
 Linear Fit of PSNS6471659A_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.00995 0.15179 0.06554 0.94917 
B -0.52733 0.06926 -7.61394 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93038 0.86562 0.85068 0.09017 11 
Parameter LCI UCI   
A -0.33342 0.35332   
B -0.68401 -0.37066   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.47132 0.47132 57.97215 
Error 9 0.07317 0.00813  
Total 10 0.54449   
Prob>F     
<0.0001     
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 PCB66
 Linear Fit of PSNS6471659A_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.03515 0.04581 0.02698 0.06027 0.0205 
1493.48334 0.02168 0.03214 0.01463 0.04001 0.01175 
3734.35667 0.01337 0.02272 0.00787 0.02715 0.00659 
9337.51277 0.00825 0.01611 0.00422 0.01869 0.00364 
23347.83539 0.00509 0.01144 0.00226 0.01298 0.00199 
58379.72389 0.00314 0.00813 0.00121 0.00907 0.00109 
145974.65266 0.00193 0.00578 6.47675E-4 0.00637 5.88082E-4 
365000 0.00119 0.00411 3.46397E-4 0.00448 3.178E-4 
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 PCB52
 Linear Fit of PSNS6471659A_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.85219 0.08514 10.00921 <0.0001 
B -0.47532 0.03809 -12.48043 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.96937 0.93967 0.93364 0.05302 12 
Parameter LCI UCI   
A 0.66248 1.04189   
B -0.56018 -0.39046   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.43787 0.43787 155.76113 
Error 10 0.02811 0.00281  
Total 11 0.46598   
Prob>F     
<0.0001     
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 PCB52
 Linear Fit of PSNS6471659A_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.34088 0.39109 0.29712 0.46233 0.25133 
1493.48334 0.2205 0.27097 0.17944 0.31019 0.15675 
3734.35667 0.14264 0.18864 0.10785 0.21068 0.09657 
9337.51277 0.09227 0.13157 0.0647 0.14429 0.059 
23347.83539 0.05968 0.09185 0.03878 0.09936 0.03585 
58379.72389 0.03861 0.06415 0.02324 0.06868 0.0217 
145974.65266 0.02497 0.04481 0.01392 0.04759 0.0131 
365000 0.01615 0.03131 0.00833 0.03304 0.0079 
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 PCB49
 Linear Fit of PSNS6471659A_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.07762 0.10163 -0.7637 0.46111 
B -0.42354 0.04704 -9.00407 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93837 0.88053 0.86967 0.08958 13 
Parameter LCI UCI   
A -0.30131 0.14607   
B -0.52707 -0.32001   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.65062 0.65062 81.07335 
Error 11 0.08828 0.00803  
Total 12 0.73889   
Prob>F     
<0.0001     
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 PCB49
 Linear Fit of PSNS6471659A_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.05579 0.06852 0.04543 0.09183 0.03389 
1493.48334 0.03784 0.05039 0.02842 0.06473 0.02212 
3734.35667 0.02567 0.03731 0.01766 0.04622 0.01425 
9337.51277 0.01741 0.0277 0.01094 0.03333 0.00909 
23347.83539 0.01181 0.0206 0.00677 0.02422 0.00576 
58379.72389 0.00801 0.01533 0.00419 0.01769 0.00363 
145974.65266 0.00543 0.01142 0.00259 0.01297 0.00228 
365000 0.00369 0.0085 0.0016 0.00954 0.00142 
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 PCB44
 Linear Fit of PSNS6471659A_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.61183 0.10588 5.77858 1.7808E-4 
B -0.48425 0.04736 -10.22421 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.95535 0.91269 0.90396 0.06594 12 
Parameter LCI UCI   
A 0.37592 0.84775   
B -0.58978 -0.37872   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.45446 0.45446 104.5345 
Error 10 0.04347 0.00435  
Total 11 0.49794   
Prob>F     
<0.0001     
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 PCB44
 Linear Fit of PSNS6471659A_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.18513 0.21963 0.15605 0.27044 0.12673 
1493.48334 0.11878 0.15348 0.09193 0.18157 0.0777 
3734.35667 0.07621 0.10789 0.05383 0.12378 0.04692 
9337.51277 0.04889 0.07602 0.03145 0.08526 0.02804 
23347.83539 0.03137 0.05362 0.01835 0.05913 0.01664 
58379.72389 0.02013 0.03784 0.0107 0.0412 0.00983 
145974.65266 0.01291 0.02672 0.00624 0.0288 0.00579 
365000 0.00829 0.01887 0.00364 0.02017 0.0034 
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 PCB28
 Linear Fit of PSNS6471659A_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.3465 0.0461 -7.51693 <0.0001 
B -0.5066 0.02214 -22.8816 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.98873 0.97759 0.97573 0.06082 14 
Parameter LCI UCI   
A -0.44694 -0.24607   
B -0.55484 -0.45836   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.93642 1.93642 523.56782 
Error 12 0.04438 0.0037  
Total 13 1.9808   
Prob>F     
<0.0001     
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 PCB28
 Linear Fit of PSNS6471659A_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01766 0.01997 0.01562 0.02454 0.01271 
1493.48334 0.0111 0.01301 0.00947 0.01566 0.00787 
3734.35667 0.00698 0.00851 0.00573 0.01004 0.00485 
9337.51277 0.00439 0.00557 0.00345 0.00646 0.00298 
23347.83539 0.00276 0.00365 0.00208 0.00417 0.00182 
58379.72389 0.00173 0.0024 0.00125 0.0027 0.00111 
145974.65266 0.00109 0.00157 7.55348E-4 0.00176 6.76396E-4 
365000 6.84918E-4 0.00103 4.54719E-4 0.00114 4.10977E-4
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 PCB18
 Linear Fit of PSNS6471659A_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
 
Parameter Value Error t-Value Prob>|t| 
A -0.66618 0.13635 -4.88573 4.82461E-4 
B -0.41836 0.06311 -6.62917 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.89432 0.7998 0.7816 0.12019 13 
Parameter LCI UCI   
A -0.96629 -0.36607   
B -0.55726 -0.27946   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.63479 0.63479 43.94587 
Error 11 0.15889 0.01444  
Total 12 0.79368   
Prob>F     
<0.0001     
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 PCB18
 Linear Fit of PSNS6471659A_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01662 0.01897 0.01455 0.02266 0.01218 
1493.48334 0.01162 0.01395 0.00967 0.01624 0.00831 
3734.35667 0.00812 0.0103 0.00641 0.01173 0.00562 
9337.51277 0.00568 0.00762 0.00423 0.00853 0.00378 
23347.83539 0.00397 0.00564 0.00279 0.00623 0.00253 
58379.72389 0.00278 0.00418 0.00184 0.00456 0.00169 
145974.65266 0.00194 0.0031 0.00122 0.00335 0.00113 
365000 0.00136 0.0023 8.02313E-4 0.00247 7.47942E-4
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 PCB156
 Linear Fit of PSNS6471659A_DC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -1.51658 0.65138 -2.32825 0.14532 
B -0.08289 0.29461 -0.28137 0.80487 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.19513 0.03808 -0.44288 0.0753 4 
Parameter LCI UCI   
A -4.31927 1.2861   
B -1.3505 1.18471   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 4.48855E-4 4.48855E-4 0.07917 
Error 2 0.01134 0.00567  
Total 3 0.01179   
Prob>F     
0.80487     
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 PCB156
 Linear Fit of PSNS6471659A_DC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01792 0.09826 0.00327 0.11489 0.00279 
1493.48334 0.01661 0.28615 9.63798E-4 0.31502 8.75471E-4 
3734.35667 0.01539 0.84148 2.8155E-4 0.90154 2.62793E-4 
9337.51277 0.01427 2.48241 8.19856E-5 2.61923 7.77028E-5 
23347.83539 0.01322 7.33381 2.38393E-5 7.66282 2.28158E-5 
58379.72389 0.01226 21.68307 6.92654E-6 22.50294 6.67417E-6 
145974.65266 0.01136 64.13747 2.01158E-6 66.2329 1.94794E-6 
365000 0.01053 189.77178 5.84025E-7 195.22924 5.67699E-7
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 PCB153
 Linear Fit of PSNS6471659A_DB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.52114 0.64387 2.36251 0.06455 
B -1.10639 0.27545 -4.01668 0.01015 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.87373 0.76341 0.71609 0.12765 7 
Parameter LCI UCI   
A -0.13397 3.17625   
B -1.81445 -0.39833   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.2629 0.2629 16.13369 
Error 5 0.08148 0.0163  
Total 6 0.34438   
Prob>F     
0.01015     
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 PCB153
 Linear Fit of PSNS6471659A_DB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.02816 0.06143 0.01291 0.08341 0.00951 
1493.48334 0.01022 0.0416 0.00251 0.05032 0.00207 
3734.35667 0.00371 0.02861 4.80034E-4 0.03275 4.19332E-4 
9337.51277 0.00134 0.01976 9.14519E-5 0.02193 8.2404E-5 
23347.83539 4.87708E-4 0.01368 1.73899E-5 0.01488 1.59801E-5 
58379.72389 1.76929E-4 0.00948 3.30359E-6 0.01017 3.07694E-6 
145974.65266 6.41859E-5 0.00657 6.27235E-7 0.00698 5.89957E-7 
365000 2.32852E-5 0.00455 1.19048E-7 0.00481 1.12809E-7
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 PCB138
 Linear Fit of PSNS6471659A_DA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 2.17049 0.74415 2.91675 0.02674 
B -1.38238 0.31372 -4.40649 0.00454 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.87404 0.76394 0.7246 0.16558 8 
Parameter LCI UCI   
A 0.34963 3.99136   
B -2.15002 -0.61475   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.53237 0.53237 19.41717 
Error 6 0.16451 0.02742  
Total 7 0.69688   
Prob>F     
0.00454     
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 PCB138
 Linear Fit of PSNS6471659A_DA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.02152 0.04782 0.00968 0.07347 0.0063 
1493.48334 0.00606 0.02632 0.0014 0.03452 0.00106 
3734.35667 0.00171 0.0148 1.96967E-4 0.01795 1.62414E-4 
9337.51277 4.80968E-4 0.00837 2.76287E-5 0.00971 2.38167E-5 
23347.83539 1.3549E-4 0.00475 3.86599E-6 0.00536 3.42773E-6 
58379.72389 3.81677E-5 0.0027 5.40283E-7 0.00298 4.88373E-7 
145974.65266 1.07519E-5 0.00153 7.54518E-8 0.00167 6.91659E-8 
365000 3.02885E-6 8.71027E-4 1.05323E-8 9.40136E-4 9.75807E-9 
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 PCB128
 Linear Fit of PSNS6471659A_CZ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
     
A 0.40526 0.70211 0.5772 0.58882 
B -0.80957 0.30036 -2.6953 0.04302 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.76963 0.59232 0.51079 0.1392 7 
Parameter LCI UCI   
A -1.39956 2.21007   
B -1.58168 -0.03746   
ANOVA 
Table: 



    



 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.14076 0.14076 7.26467 
Error 5 0.09688 0.01938  
Total 6 0.23765   
Prob>F     
0.04302     
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 PCB128
 Linear Fit of PSNS6471659A_CZ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01438 0.03366 0.00614 0.04699 0.0044 
1493.48334 0.00685 0.03166 0.00148 0.03896 0.0012 
3734.35667 0.00326 0.03028 3.51072E-4 0.03509 3.0295E-4 
9337.51277 0.00155 0.02911 8.28234E-5 0.03261 7.39292E-5 
23347.83539 7.39341E-4 0.02803 1.94994E-5 0.03074 1.7782E-5 
58379.72389 3.52065E-4 0.02703 4.58599E-6 0.02921 4.24399E-6 
145974.65266 1.67649E-4 0.02607 1.07791E-6 0.02788 1.00824E-6 
365000 7.98322E-5 0.02516 2.53256E-7 0.02669 2.38819E-7 
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 PCB118
 Linear Fit of PSNS6471659A_CW
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.92792 0.37788 2.45561 0.03393 
B -0.79162 0.16903 -4.6832 8.63308E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.82876 0.68684 0.65552 0.23532 12 
Parameter LCI UCI   
A 0.08596 1.76988   
B -1.16825 -0.41499   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.2145 1.2145 21.93235 
Error 10 0.55375 0.05537  
Total 11 1.76825   
Prob>F     
8.63308E-4     
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 PCB118
 Linear Fit of PSNS6471659A_CW
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.05373 0.09888 0.0292 0.2078 0.01389 
1493.48334 0.02601 0.06492 0.01042 0.11829 0.00572 
3734.35667 0.01259 0.04354 0.00364 0.07111 0.00223 
9337.51277 0.0061 0.02945 0.00126 0.04435 8.37802E-4 
23347.83539 0.00295 0.01999 4.3556E-4 0.02834 3.07216E-4 
58379.72389 0.00143 0.0136 1.50035E-4 0.01841 1.10812E-4 
145974.65266 6.91461E-4 0.00926 5.16149E-5 0.0121 3.95164E-5 
365000 3.34727E-4 0.00632 1.77416E-5 0.00802 1.3978E-5 
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 Linear Fit of PSNS6471659A_CU
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
A 0.45782 0.32261 1.41911 0.18628 
B -0.71824 0.14431 -4.97694 5.55932E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.84404 0.7124 0.68363 0.2009 12 
Parameter LCI UCI   
A -0.261 1.17665   
B -1.03979 -0.39669   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.99977 0.99977 24.76993 
Error 10 0.40362 0.04036  
Total 11 1.4034   
Prob>F     
5.55932E-4     
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 Linear Fit of PSNS6471659A_CU
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.0291 0.04898 0.01729 0.09234 0.00917 
1493.48334 0.01507 0.03289 0.0069 0.0549 0.00413 
3734.35667 0.0078 0.0225 0.0027 0.0342 0.00178 
9337.51277 0.00404 0.0155 0.00105 0.02198 7.42053E-4 
23347.83539 0.00209 0.01071 4.08336E-4 0.01443 3.03099E-4 
58379.72389 0.00108 0.00741 1.58118E-4 0.0096 1.22074E-4 
145974.65266 5.60581E-4 0.00514 6.11598E-5 0.00645 4.86892E-5 
365000 2.90247E-4 0.00356 2.36395E-5 0.00437 1.92857E-5
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 PCB101
 Linear Fit of PSNS6471659A_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.88871 0.24096 3.68821 0.00419 
B -0.64488 0.10779 -5.98292 1.35155E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.8841 0.78164 0.7598 0.15005 12 
Parameter LCI UCI   
A 0.35182 1.42559   
B -0.88505 -0.40472   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.80598 0.80598 35.79532 
Error 10 0.22516 0.02252  
Total 11 1.03114   
Prob>F     
1.35155E-4     
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 PCB101
 Linear Fit of PSNS6471659A_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.12543 0.18505 0.08502 0.29715 0.05294 
1493.48334 0.06946 0.12446 0.03876 0.18246 0.02644 
3734.35667 0.03846 0.08485 0.01744 0.11601 0.01275 
9337.51277 0.0213 0.05815 0.0078 0.0755 0.00601 
23347.83539 0.0118 0.03995 0.00348 0.04991 0.00279 
58379.72389 0.00653 0.02748 0.00155 0.03334 0.00128 
145974.65266 0.00362 0.01892 6.91375E-4 0.02244 5.83104E-4 
365000 0.002 0.01304 3.07763E-4 0.01518 2.64355E-4
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Aroclor 1268 (A1268) Dissolution Rate Extrapolation Results 
 
Linear Fit to Log(Y) = A + B * Log(X) 
for A1268 at 25 deg-C 
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 tPCBs
 Linear Fit of DATA21459BS1_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 4.48281 0.18571 24.13884 <0.0001 
B -0.40855 0.09454 -4.3214 0.00193 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.82146 0.67479 0.63866 0.44626 11 
Parameter LCI UCI   
A 4.06271 4.90291   
B -0.62241 -0.19468   
ANOVA Table:     
 Degrees of  Sum of  Mean  



Item Freedom Squares Square F Statistic 
Model 1 3.71902 3.71902 18.67451 
Error 9 1.79234 0.19915  
Total 10 5.51136   
Prob>F     
0.00193     
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 tPCBs
 Linear Fit of DATA21459BS1_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 772.05486 1925.34024 309.59136 4606.48552 129.39772 
1493.48334 306.14967 1041.44577 89.9976 2180.46984 42.98506 
3734.35667 121.40021 574.26997 25.66391 1078.35445 13.66713 
9337.51277 48.13989 319.59055 7.25131 550.60712 4.2089 
23347.83539 19.08933 178.75342 2.03858 287.68673 1.26666 
58379.72389 7.56966 100.28273 0.57138 152.84301 0.37489 
145974.65266 3.00166 56.36946 0.15984 82.20511 0.1096 
365000 1.19028 31.72765 0.04465 44.62066 0.03175 
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 Cl7
 Linear Fit of Data21459BS1_CF
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 5.39484 1.70305 3.16775 0.05057 
B -1.57541 0.71797 -2.19425 0.11579 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.78493 0.61611 0.48815 0.30126 5 
Parameter LCI UCI   
A -0.02506 10.81474   
B -3.86033 0.70951   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.43698 0.43698 4.81473 
Error 3 0.27228 0.09076  
Total 4 0.70925   
Prob>F     
0.11579     
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 Cl7
 Linear Fit of Data21459BS1_CF
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 10.50055 113.4462 0.97193 269.77173 0.40872 
1493.48334 2.47842 196.3791 0.03128 332.20397 0.01849 
3734.35667 0.58497 362.71449 9.43428E-4 524.28846 6.52685E-4 
9337.51277 0.13807 682.05019 2.795E-5 904.10112 2.10854E-5 
23347.83539 0.03259 1292.03992 8.21954E-7 1622.42781 6.54573E-7 
58379.72389 0.00769 2456.75805 2.40817E-8 2973.28868 1.98981E-8 
145974.65266 0.00182 4681.5101 7.04024E-10 5516.64625 5.97446E-10 
365000 4.28499E-4 8933.01893 2.05542E-11 10316.36743 1.7798E-11 
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 Cl6
 Linear Fit of DATA21459BS1_CE
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 4.29809 1.24006 3.46602 0.01793 
B -1.47596 0.5618 -2.62722 0.04669 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.76152 0.57991 0.4959 0.49843 7 
Parameter LCI UCI   
A 1.11041 7.48577   
B -2.9201 -0.03182   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.71474 1.71474 6.90231 
Error 5 1.24215 0.24843  
Total 6 2.95688   
Prob>F     
0.04669     
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 Cl6
 Linear Fit of DATA21459BS1_CE
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 16.16897 51.77845 5.04912 73.12044 3.57541 
1493.48334 11.59834 64.7835 2.07648 83.1818 1.6172 
3734.35667 8.31973 82.18277 0.84224 99.70206 0.69425 
9337.51277 5.96791 104.8388 0.33972 122.61884 0.29046 
23347.83539 4.28091 134.11359 0.13665 152.94676 0.11982 
58379.72389 3.07078 171.83498 0.05488 192.39605 0.04901 
145974.65266 2.20274 220.38317 0.02202 243.33788 0.01994 
365000 1.58007 282.83262 0.00883 308.90203 0.00808 
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 Cl5
 Linear Fit of Data21459BS1_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 4.18509 0.38902 10.75815 1.2029E-4 
B -0.8633 0.17624 -4.89845 0.00448 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.9097 0.82756 0.79307 0.15636 7 
Parameter LCI UCI   
A 3.18509 5.18508   
B -1.31633 -0.41026   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.58663 0.58663 23.99483 
Error 5 0.12224 0.02445  
Total 6 0.70887   
Prob>F     
0.00448     
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 Cl5
 Linear Fit of Data21459BS1_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 61.43501 125.20714 30.14414 197.48295 19.11183 
1493.48334 27.84907 83.06489 9.33692 116.61265 6.65083 
3734.35667 12.62424 56.13269 2.83919 73.07125 2.18104 
9337.51277 5.72269 38.19311 0.85746 47.28778 0.69255 
23347.83539 2.59415 26.071 0.25813 31.1713 0.21589 
58379.72389 1.17595 17.82789 0.07757 20.77964 0.06655 
145974.65266 0.53307 12.20419 0.02328 13.95311 0.02037 
365000 0.24165 8.36029 0.00698 9.41543 0.0062 
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 Cl4
 Linear Fit of DATA21459BS1_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 6.20746 0.47951 12.9455 <0.0001 
B -1.35657 0.21723 -6.24473 0.00154 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.94146 0.88635 0.86363 0.19273 7 
Parameter LCI UCI   
A 4.97485 7.44007   
B -1.91499 -0.79815   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.44855 1.44855 38.99662 
Error 5 0.18573 0.03715  
Total 6 1.63427   
Prob>F     
0.00154     
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 Cl4
 Linear Fit of DATA21459BS1_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 414.12623 726.05986 236.20716 960.91011 178.47719 
1493.48334 141.80118 330.40591 60.85719 406.42954 49.47371 
3734.35667 48.55422 152.09468 15.50029 178.63926 13.19705 
9337.51277 16.62548 70.32445 3.93045 80.12235 3.4498 
23347.83539 5.69274 32.58597 0.99452 36.34857 0.89157 
58379.72389 1.94925 15.11729 0.25134 16.60455 0.22883 
145974.65266 0.66744 7.01836 0.06347 7.61913 0.05847 
365000 0.22854 3.25991 0.01602 3.50671 0.01489 
 











 



 
 



A-80



Cl3 
 



0 100 200 300 400 500
10



100



1000



10000



100000



1000000



1E7



 



 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 Cl3
 Linear Fit of Data21459BS1_CB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 5.72492 0.41698 13.72936 <0.0001 
B -1.24578 0.20735 -6.00799 5.37954E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.91519 0.83757 0.81437 0.35669 9 
Parameter LCI UCI   
A 4.73891 6.71092   
B -1.73609 -0.75547   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 4.59231 4.59231 36.096 
Error 7 0.89057 0.12722  
Total 8 5.48289   
Prob>F     
5.37954E-4     
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 Cl3
 Linear Fit of Data21459BS1_CB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 184.67128 586.94084 58.10378 1770.17149 19.26564 
1493.48334 58.96028 277.58031 12.52364 707.0985 4.91631 
3734.35667 18.82434 134.50846 2.63445 298.55672 1.1869 
9337.51277 6.01008 65.94323 0.54776 131.25738 0.27519 
23347.83539 1.91885 32.53514 0.11317 59.4117 0.06197 
58379.72389 0.61263 16.11368 0.02329 27.46576 0.01366 
145974.65266 0.1956 8.00031 0.00478 12.89594 0.00297 
365000 0.06245 3.97877 9.8015E-4 6.1257 6.36628E-4 
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 Cl2
 Linear Fit of Data21459BS1_CA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 6.35558 0.63032 10.08306 <0.0001 
B -2.27589 0.32662 -6.96804 4.34124E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.94341 0.89002 0.87169 0.51596 8 
Parameter LCI UCI   
A 4.81323 7.89792   
B -3.07509 -1.47668   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 12.92583 12.92583 48.5536 
Error 6 1.59731 0.26622  
Total 7 14.52314   
Prob>F     
4.34124E-4     
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 Cl2
 Linear Fit of Data21459BS1_CA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 1.08968 8.00858 0.14827 37.019 0.03208 
1493.48334 0.13535 1.91455 0.00957 6.91242 0.00265 
3734.35667 0.01681 0.4728 5.97817E-4 1.40451 2.01243E-4 
9337.51277 0.00209 0.11863 3.67591E-5 0.30287 1.43986E-5 
23347.83539 2.59387E-4 0.03003 2.24033E-6 0.0681 9.87974E-7 
58379.72389 3.22189E-5 0.00764 1.35804E-7 0.01578 6.57991E-8 
145974.65266 4.00197E-6 0.00195 8.20318E-9 0.00373 4.28826E-9 
365000 4.97092E-7 4.99889E-4 4.94311E-10 8.98498E-4 2.75015E-10 
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 PCB87
 Linear Fit of Data21459BS1_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 2.94754 0.30169 9.77003 1.91105E-4 
B -0.86649 0.13668 -6.33969 0.00144 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.94306 0.88936 0.86723 0.12126 7 
Parameter LCI UCI   
A 2.17201 3.72306   
B -1.21783 -0.51515   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.59099 0.59099 40.1917 
Error 5 0.07352 0.0147  
Total 6 0.66451   
Prob>F     
0.00144     
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 PCB87
 Linear Fit of Data21459BS1_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
      
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 3.48329 6.05051 2.00533 8.61528 1.40835 
1493.48334 1.57439 3.67436 0.67459 4.78011 0.51854 
3734.35667 0.7116 2.26351 0.22371 2.77718 0.18233 
9337.51277 0.32163 1.4018 0.07379 1.65435 0.06253 
23347.83539 0.14537 0.87032 0.02428 0.99968 0.02114 
58379.72389 0.06571 0.54109 0.00798 0.60936 0.00708 
145974.65266 0.0297 0.33668 0.00262 0.37353 0.00236 
365000 0.01342 0.20961 8.59561E-4 0.22985 7.83872E-4 
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 PCB8
 Linear Fit of Data21459BS1_CK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
A 5.94637 0.63198 9.40911 <0.0001 
B -2.16556 0.32748 -6.61288 5.75633E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93774 0.87935 0.85924 0.51732 8 
Parameter LCI UCI   
A 4.39997 7.49277   
B -2.96687 -1.36426   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 11.70308 11.70308 43.73015 
Error 6 1.60572 0.26762  
Total 7 13.3088   
Prob>F     
5.75633E-4     
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 PCB8
 Linear Fit of Data21459BS1_CK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.85973 6.35181 0.11637 29.47918 0.02507 
1493.48334 0.11815 1.68293 0.00829 6.09671 0.00229 
3734.35667 0.01624 0.46065 5.72318E-4 1.37234 1.92109E-4 
9337.51277 0.00223 0.12812 3.88633E-5 0.32789 1.51853E-5 
23347.83539 3.06654E-4 0.03595 2.61567E-6 0.0817 1.15102E-6 
58379.72389 4.21425E-5 0.01014 1.75095E-7 0.02097 8.46745E-8 
145974.65266 5.79152E-6 0.00287 1.16796E-8 0.0055 6.09517E-9 
365000 7.95911E-7 8.15079E-4 7.77193E-10 0.00147 4.31733E-10 
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 PCB77
 Linear Fit of Data21459BS1_CR
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 4.96588 0.7786 6.378 0.0078 
B -1.65693 0.37799 -4.38355 0.02198 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93003 0.86496 0.81995 0.24744 5 
Parameter LCI UCI   
A 2.48803 7.44373   
B -2.85986 -0.454   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.17648 1.17648 19.21554 
Error 3 0.18368 0.06123  
Total 4 1.36015   
Prob>F     
0.02198     
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 PCB77
 Linear Fit of Data21459BS1_CR
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 2.3224 20.90088 0.25805 40.09853 0.13451 
1493.48334 0.50869 13.0852 0.01978 20.9763 0.01234 
3734.35667 0.11142 8.40863 0.00148 12.11035 0.00103 
9337.51277 0.02441 5.46069 1.09075E-4 7.33982 8.11497E-5 
23347.83539 0.00535 3.56495 8.01588E-6 4.56863 6.25487E-6 
58379.72389 0.00117 2.33431 5.87326E-7 2.88949 4.74479E-7 
145974.65266 2.56469E-4 1.53134 4.29535E-8 1.84632 3.56257E-8 
365000 5.6176E-5 1.00582 3.13749E-9 1.18797 2.65641E-9
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 PCB66
 Linear Fit of DATA21459BS1_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
     
A 5.4177 0.51485 10.52295 1.3381E-4 
B -1.57457 0.23324 -6.75073 0.00108 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.94928 0.90113 0.88136 0.20694 7 
Parameter LCI UCI   
A 4.09425 6.74115   
B -2.17415 -0.975   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.95151 1.95151 45.57239 
Error 5 0.21411 0.04282  
Total 6 2.16563   
Prob>F     
0.00108     
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 PCB66
 Linear Fit of DATA21459BS1_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 17.50992 28.59167 10.72331 36.52029 8.39526 
1493.48334 5.01204 10.49187 2.39429 12.57184 1.99816 
3734.35667 1.43465 3.88888 0.52926 4.47547 0.45989 
9337.51277 0.41065 1.44703 0.11654 1.62163 0.10399 
23347.83539 0.11755 0.53944 0.02561 0.59346 0.02328 
58379.72389 0.03365 0.20131 0.00562 0.2185 0.00518 
145974.65266 0.00963 0.07517 0.00123 0.08076 0.00115 
365000 0.00276 0.02808 2.70614E-4 0.02993 2.53905E-4
 











 



 
 



A-86



PCB52 
 



0 100 200 300 400 500
1



10



100



1000



10000



100000



1000000
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB52
 Linear Fit of Data21459BS1_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 4.81729 0.32814 14.6805 <0.0001 
B -1.08002 0.14866 -7.26503 7.72263E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.95575 0.91347 0.89616 0.13189 7 
Parameter LCI UCI   
A 3.97378 5.66081   
B -1.46217 -0.69788   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.91815 0.91815 52.7806 
Error 5 0.08698 0.0174  
Total 6 1.00513   
Prob>F     
7.72263E-4     
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 PCB52
 Linear Fit of Data21459BS1_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 65.90925 120.16386 36.15088 176.48464 24.61421 
1493.48334 24.49514 61.57725 9.74405 81.97747 7.31923 
3734.35667 9.1036 32.04964 2.58585 40.03429 2.07012 
9337.51277 3.38335 16.77769 0.68228 20.09002 0.56979 
23347.83539 1.25742 8.80694 0.17953 10.23952 0.15441 
58379.72389 0.46732 4.62985 0.04717 5.26857 0.04145 
145974.65266 0.17368 2.43614 0.01238 2.72749 0.01106 
365000 0.06455 1.28261 0.00325 1.41787 0.00294 
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 PCB49
 Linear Fit of DATA21459BS1_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 4.83863 0.39788 12.16118 <0.0001 
B -1.23157 0.18025 -6.83248 0.00102 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.9504 0.90326 0.88391 0.15992 7 
Parameter LCI UCI   
A 3.81586 5.8614   
B -1.69492 -0.76822   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.19389 1.19389 46.68276 
Error 5 0.12787 0.02557  
Total 6 1.32177   
Prob>F     
0.00102     
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 PCB49
 Linear Fit of DATA21459BS1_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 37.8575 48.90451 29.30589 55.57147 25.79004 
1493.48334 14.29462 21.02333 9.7195 23.1055 8.84362 
3734.35667 5.39751 9.08511 3.20669 9.77663 2.97987 
9337.51277 2.03805 3.93402 1.05582 4.17513 0.99485 
23347.83539 0.76955 1.70518 0.3473 1.7923 0.33041 
58379.72389 0.29057 0.7395 0.11418 0.77183 0.10939 
145974.65266 0.10972 0.32081 0.03752 0.33306 0.03614 
365000 0.04143 0.13921 0.01233 0.14392 0.01193 
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 PCB44
 Linear Fit of Data21459BS1_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 5.06967 0.33703 15.04226 <0.0001 
B -1.19712 0.15269 -7.84038 5.41691E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.96165 0.92478 0.90974 0.13546 7 
Parameter LCI UCI   
A 4.20331 5.93603   
B -1.58961 -0.80463   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.12804 1.12804 61.47162 
Error 5 0.09175 0.01835  
Total 6 1.21979   
Prob>F     
5.41691E-4     
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 PCB44
 Linear Fit of Data21459BS1_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 55.74947 103.30738 30.085 153.31511 20.27199 
1493.48334 18.61093 47.96778 7.22082 64.35602 5.38204 
3734.35667 6.21291 22.63119 1.70562 28.44019 1.35724 
9337.51277 2.07407 10.74086 0.4005 12.92427 0.33284 
23347.83539 0.69239 5.11195 0.09378 5.96779 0.08033 
58379.72389 0.23114 2.43669 0.02193 2.78257 0.0192 
145974.65266 0.07716 1.16257 0.00512 1.3056 0.00456 
365000 0.02576 0.55501 0.0012 0.61521 0.00108 
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 PCB28
 Linear Fit of Data21459BS1_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 5.99567 0.46996 12.75791 <0.0001 
B -1.63604 0.22218 -7.3636 3.21337E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.94888 0.90037 0.88376 0.2693 8 
Parameter LCI UCI   
A 4.84572 7.14561   
B -2.17969 -1.09239   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 3.93231 3.93231 54.22254 
Error 6 0.43513 0.07252  
Total 7 4.36743   
Prob>F     
3.21337E-4     
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 PCB28
 Linear Fit of Data21459BS1_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 28.42597 79.83034 10.12192 178.15068 4.53569 
1493.48334 6.34667 27.91188 1.44312 52.89348 0.76154 
3734.35667 1.41702 9.99858 0.20082 16.81693 0.1194 
9337.51277 0.31638 3.6183 0.02766 5.58324 0.01793 
23347.83539 0.07064 1.31614 0.00379 1.90567 0.00262 
58379.72389 0.01577 0.48015 5.18037E-4 0.66243 3.75489E-4 
145974.65266 0.00352 0.17549 7.06567E-5 0.23316 5.31796E-5 
365000 7.86196E-4 0.06422 9.6254E-6 0.08279 7.46552E-6
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 PCB187
 Linear Fit of DATA21459BS1_DK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 2.10982 0.30273 6.96931 9.35464E-4 
B -0.49447 0.13715 -3.60537 0.01546 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.84982 0.7222 0.66664 0.12168 7 
Parameter LCI UCI   
A 1.33163 2.88802   
B -0.84702 -0.14192   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.19245 0.19245 12.99866 
Error 5 0.07403 0.01481  
Total 6 0.26648   
Prob>F     
0.01546     
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 PCB187
 Linear Fit of DATA21459BS1_DK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 7.19098 8.93128 5.7898 9.95165 5.19615 
1493.48334 5.13699 7.12061 3.70595 7.71319 3.42124 
3734.35667 3.66968 5.70226 2.36162 6.06757 2.21943 
9337.51277 2.62149 4.57425 1.50237 4.81046 1.4286 
23347.83539 1.8727 3.67243 0.95496 3.83065 0.91551 
58379.72389 1.33779 2.94976 0.60672 3.05857 0.58514 
145974.65266 0.95567 2.36997 0.38537 2.44632 0.37334 
365000 0.6827 1.9045 0.24472 1.95891 0.23793 
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 PCB180
 Linear Fit of Data21459BS1_DH
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 2.362 0.51337 4.60099 0.01002 
B -0.72045 0.22685 -3.17592 0.03367 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.84619 0.71604 0.64505 0.18277 6 
Parameter LCI UCI   
A 0.93666 3.78733   
B -1.35028 -0.09062   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.33695 0.33695 10.08648 
Error 4 0.13362 0.03341  
Total 5 0.47057   
Prob>F     
0.03367     
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 PCB180
 Linear Fit of Data21459BS1_DH
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 2.30088 5.73599 0.92296 10.13954 0.52212 
1493.48334 1.1889 5.00635 0.28234 7.58108 0.18645 
3734.35667 0.61432 4.50049 0.08385 6.18221 0.06104 
9337.51277 0.31743 4.08808 0.02465 5.27263 0.01911 
23347.83539 0.16402 3.73123 0.00721 4.60929 0.00584 
58379.72389 0.08475 3.41429 0.0021 4.08888 0.00176 
145974.65266 0.04379 3.12909 6.12868E-4 3.66109 5.2381E-4 
365000 0.02263 2.87055 1.78368E-4 3.29849 1.55227E-4
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 PCB18
 Linear Fit of Data21459BS1_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 5.34363 0.43154 12.38258 <0.0001 
B -1.38098 0.21459 -6.43532 3.5517E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.92488 0.85541 0.83476 0.36914 9 
Parameter LCI UCI   
A 4.32319 6.36407   
B -1.88842 -0.87355   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 5.6432 5.6432 41.41331 
Error 7 0.95386 0.13627  
Total 8 6.59705   
Prob>F     
3.5517E-4     
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 PCB18
 Linear Fit of Data21459BS1_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 32.34177 107.02741 9.7731 335.47262 3.11796 
1493.48334 9.12244 45.33514 1.83564 119.31818 0.69745 
3734.35667 2.57311 19.69293 0.33621 44.9448 0.14731 
9337.51277 0.72578 8.65809 0.06084 17.65286 0.02984 
23347.83539 0.20472 3.83171 0.01094 7.14568 0.00586 
58379.72389 0.05774 1.70247 0.00196 2.95641 0.00113 
145974.65266 0.01629 0.75836 3.498E-4 1.24297 2.13419E-4 
365000 0.00459 0.3384 6.23684E-5 0.5289 3.99038E-5
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 PCB153
 Linear Fit of Data21459BS1_DB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 2.41699 0.28467 8.4905 3.72532E-4 
B -0.79246 0.12897 -6.1447 0.00166 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93971 0.88306 0.85967 0.11442 7 
Parameter LCI UCI   
A 1.68522 3.14875   
B -1.12397 -0.46094   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.49431 0.49431 37.75738 
Error 5 0.06546 0.01309  
Total 6 0.55977   
Prob>F     
0.00166     
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 PCB153
 Linear Fit of Data21459BS1_DB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 1.64808 2.77492 0.97883 3.87318 0.70127 
1493.48334 0.7972 1.77366 0.35832 2.27342 0.27955 
3734.35667 0.38562 1.14908 0.12941 1.39367 0.1067 
9337.51277 0.18653 0.74818 0.0465 0.87476 0.03977 
23347.83539 0.09023 0.4883 0.01667 0.55651 0.01463 
58379.72389 0.04364 0.31911 0.00597 0.35696 0.00534 
145974.65266 0.02111 0.2087 0.00214 0.23019 0.00194 
365000 0.01021 0.13656 7.6363E-4 0.14897 7.0002E-4
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 PCB118
 Linear Fit of Data21459BS1_CW
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 3.75174 0.44678 8.39737 3.92433E-4 
B -1.1964 0.20241 -5.91091 0.00197 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93531 0.87481 0.84977 0.17958 7 
Parameter LCI UCI   
A 2.60326 4.90021   
B -1.7167 -0.6761   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.12668 1.12668 34.93886 
Error 5 0.16124 0.03225  
Total 6 1.28792   
Prob>F     
0.00197     
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 PCB118
 Linear Fit of Data21459BS1_CW
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 2.69339 6.1013 1.18898 10.2969 0.70452 
1493.48334 0.89973 3.15636 0.25647 4.66004 0.17371 
3734.35667 0.30056 1.66782 0.05416 2.2578 0.04001 
9337.51277 0.1004 0.88823 0.01135 1.13517 0.00888 
23347.83539 0.03354 0.4748 0.00237 0.58295 0.00193 
58379.72389 0.0112 0.25432 4.93566E-4 0.30325 4.13931E-4 
145974.65266 0.00374 0.13639 1.02699E-4 0.15907 8.80576E-5 
365000 0.00125 0.07321 2.13518E-5 0.08391 1.86274E-5
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 PCB105
 Linear Fit of Data21459BS1_CU
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 3.49777 0.46438 7.53219 6.53113E-4 
B -1.05095 0.21038 -4.9955 0.00412 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.91273 0.83308 0.7997 0.18665 7 
Parameter LCI UCI   
A 2.30405 4.69148   
B -1.59175 -0.51015   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.86938 0.86938 24.95499 
Error 5 0.17419 0.03484  
Total 6 1.04357   
Prob>F     
0.00412     
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 PCB105
 Linear Fit of Data21459BS1_CU
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 3.80307 8.8971 1.62563 15.32802 0.94359 
1493.48334 1.45158 5.35042 0.39381 8.02151 0.26268 
3734.35667 0.55405 3.28919 0.09333 4.50615 0.06812 
9337.51277 0.21147 2.03862 0.02194 2.63069 0.017 
23347.83539 0.08072 1.26841 0.00514 1.56996 0.00415 
58379.72389 0.03081 0.79086 0.0012 0.94957 9.9953E-4 
145974.65266 0.01176 0.49374 2.8005E-4 0.57933 2.38675E-4 
365000 0.00449 0.3085 6.52959E-5 0.35553 5.66588E-5
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 PCB101
 Linear Fit of Data21459BS1_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 3.10529 0.21263 14.60412 <0.0001 
B -0.89374 0.09633 -9.27794 2.44598E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.97216 0.9451 0.93412 0.08546 7 
Parameter LCI UCI   
A 2.55871 3.65188   
B -1.14137 -0.64612   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.62874 0.62874 86.08025 
Error 5 0.03652 0.0073  
Total 6 0.66526   
Prob>F     
2.44598E-4     
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 PCB101
 Linear Fit of Data21459BS1_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 4.20818 6.21021 2.85156 7.96667 2.22286 
1493.48334 1.85512 3.37121 1.02084 4.05801 0.84807 
3734.35667 0.8178 1.8486 0.36179 2.13522 0.31322 
9337.51277 0.36052 1.01747 0.12774 1.14347 0.11366 
23347.83539 0.15893 0.56101 0.04502 0.61856 0.04083 
58379.72389 0.07006 0.30963 0.01585 0.33667 0.01458 
145974.65266 0.03089 0.17099 0.00558 0.18397 0.00519 
365000 0.01362 0.09446 0.00196 0.1008 0.00184 
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Bulkhead Insulation (BHI) Leach Rate Extrapolation Results 
 
Linear Fit to Log(Y) = A + B * Log(X) 
for BHI at 25 deg-C 
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 tPCBs
 Linear Fit of Data1510E5A_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
A 3.18177 0.2613 12.17679 <0.0001 
B -0.59053 0.11719 -5.03925 3.7841E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.83532 0.69775 0.67028 0.16762 13 
Parameter LCI UCI   
A 2.60665 3.75688   
B -0.84846 -0.33261   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.71347 0.71347 25.39406 
Error 11 0.30905 0.0281  



Total 12 1.02252   
Prob>F     
3.7841E-4     
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 Linear Fit of Data1510E5A_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
609.43782 34.4489 52.56691 22.57554 88.96799 13.3388 
1240.296 22.64329 40.59459 12.63022 63.47185 8.07789 
2524.1856 14.88345 31.66899 6.99477 46.37752 4.77639 
5137.09059 9.78291 24.81893 3.85614 34.49882 2.77416 
10454.73826 6.43031 19.49721 2.12076 26.00223 1.59021 
21276.93684 4.22665 15.33808 1.16472 19.78835 0.90278 
43301.70973 2.77818 12.07688 0.6391 15.16757 0.50887 
88125.3763 1.8261 9.51476 0.35047 11.6885 0.28529 
179348.15959 1.2003 7.49934 0.19211 9.04453 0.15929 
365000 0.78896 5.91264 0.10527 7.02099 0.08866 
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 Cl7
 Linear Fit of Data1510E5A_CF
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.97157 0.1965 4.94442 0.00779 
B -0.42373 0.12011 -3.52773 0.02428 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.86992 0.75676 0.69595 0.23816 6 
Parameter LCI UCI   
A 0.426 1.51713   
B -0.75721 -0.09024   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.70585 0.70585 12.44489 
Error 4 0.22687 0.05672  
Total 5 0.93272   
Prob>F     
0.02428     
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 Cl7
 Linear Fit of Data1510E5A_CF
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.62406 2.09632 0.18578 4.36811 0.08916 
1493.48334 0.42323 1.86362 0.09612 3.54354 0.05055 
3734.35667 0.28703 1.67584 0.04916 2.95172 0.02791 
9337.51277 0.19466 1.51717 0.02498 2.50862 0.01511 
23347.83539 0.13202 1.37938 0.01264 2.16475 0.00805 
58379.72389 0.08953 1.25766 0.00637 1.88986 0.00424 
145974.65266 0.06072 1.14896 0.00321 1.66473 0.00221 
365000 0.04118 1.05116 0.00161 1.47671 0.00115 
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 Cl6
 Linear Fit of Data1510E5A_CE
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 2.96041 0.44602 6.63736 <0.0001 
B -0.86853 0.1906 -4.55686 0.00137 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.83524 0.69763 0.66403 0.16808 11 
Parameter LCI UCI   
A 1.95144 3.96938   
B -1.29969 -0.43737   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.58661 0.58661 20.76498 
Error 9 0.25425 0.02825  
Total 10 0.84086   
Prob>F     
0.00137     
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 Cl6
 Linear Fit of Data1510E5A_CE
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 3.54169 5.95697 2.1057 9.8046 1.27936 
1493.48334 1.5978 3.86553 0.66044 5.5423 0.46063 
3734.35667 0.72083 2.55674 0.20323 3.36003 0.15464 
9337.51277 0.3252 1.70109 0.06217 2.11407 0.05002 
23347.83539 0.14671 1.13468 0.01897 1.35774 0.01585 
58379.72389 0.06619 0.75786 0.00578 0.88265 0.00496 
145974.65266 0.02986 0.50658 0.00176 0.57821 0.00154 
365000 0.01347 0.33877 5.35642E-4 0.38072 4.76629E-4
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 Cl5
 Linear Fit of Data1510E5A_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 3.00176 0.29507 10.1729 <0.0001 
B -0.62147 0.13233 -4.69621 6.54148E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.81683 0.66721 0.63696 0.18929 13 
Parameter LCI UCI   
A 2.35231 3.65122   
B -0.91274 -0.3302   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.79019 0.79019 22.05436 
Error 11 0.39412 0.03583  
Total 12 1.18431   
Prob>F     
6.54148E-4     
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 Cl5
 Linear Fit of Data1510E5A_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 18.89924 30.31078 11.78396 55.05951 6.48718 
1493.48334 10.69274 21.72881 5.2619 35.25026 3.24352 
3734.35667 6.0497 15.82744 2.31237 23.5325 1.55525 
9337.51277 3.42278 11.59928 1.01001 16.16452 0.72476 
23347.83539 1.93653 8.52536 0.43988 11.31809 0.33134 
58379.72389 1.09564 6.27609 0.19127 8.02848 0.14952 
145974.65266 0.61989 4.62474 0.08309 5.74677 0.06687 
365000 0.35072 3.41004 0.03607 4.14021 0.02971 
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 Cl4
 Linear Fit of Data1510E5A_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 2.64565 0.19066 13.87626 <0.0001 
B -0.58887 0.08551 -6.88685 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.90096 0.81174 0.79462 0.12231 13 
Parameter LCI UCI   
A 2.22601 3.06529   
B -0.77707 -0.40067   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.70947 0.70947 47.42873 
Error 11 0.16454 0.01496  
Total 12 0.87401   
Prob>F     
<0.0001     
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 Cl4
 Linear Fit of Data1510E5A_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 10.25239 13.91179 7.55557 20.45907 5.13765 
1493.48334 5.97646 9.44977 3.77978 12.91793 2.765 
3734.35667 3.48388 6.48547 1.87148 8.38 1.44838 
9337.51277 2.03087 4.46859 0.92298 5.53733 0.74484 
23347.83539 1.18386 3.08472 0.45434 3.7045 0.37833 
58379.72389 0.69011 2.13161 0.22342 2.49925 0.19056 
145974.65266 0.40229 1.47392 0.1098 1.69601 0.09542 
365000 0.23451 1.01957 0.05394 1.15575 0.04758 
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 Cl3
 Linear Fit of Data1510E5A_CB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.00729 0.10994 9.16213 <0.0001 
B -0.48509 0.05215 -9.30247 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93241 0.86939 0.85935 0.11142 15 
Parameter LCI UCI   
A 0.76978 1.24481   
B -0.59774 -0.37243   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.07435 1.07435 86.536 
Error 13 0.1614 0.01242  
Total 14 1.23575   
Prob>F     
<0.0001     
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 Cl3
 Linear Fit of Data1510E5A_CB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.45772 0.5817 0.36016 0.83726 0.25023 
1493.48334 0.29344 0.40751 0.21131 0.55887 0.15408 
3734.35667 0.18813 0.28738 0.12315 0.37795 0.09364 
9337.51277 0.12061 0.20328 0.07156 0.25826 0.05633 
23347.83539 0.07732 0.14402 0.04151 0.17788 0.03361 
58379.72389 0.04957 0.10213 0.02406 0.12326 0.01994 
145974.65266 0.03178 0.07247 0.01394 0.08581 0.01177 
365000 0.02037 0.05144 0.00807 0.05996 0.00692 
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 Cl2
 Linear Fit of DATA1510E5A_CA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.68333 0.631 2.6677 0.04447 
B -1.50353 0.34275 -4.38664 0.00711 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.89093 0.79375 0.7525 0.37645 7 
Parameter LCI UCI   
A 0.06128 3.30537   
B -2.3846 -0.62246   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 2.72699 2.72699 19.24261 
Error 5 0.70858 0.14172  
Total 6 3.43557   
Prob>F     
0.00711     
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 Cl2
 Linear Fit of DATA1510E5A_CA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00319 0.0168 6.071E-4 0.04092 2.49187E-4 
1493.48334 8.00402E-4 0.00701 9.13785E-5 0.01467 4.36714E-5 
3734.35667 2.00625E-4 0.00297 1.35557E-5 0.00554 7.26606E-6 
9337.51277 5.02878E-5 0.00127 1.99602E-6 0.00217 1.16732E-6 
23347.83539 1.26049E-5 5.42918E-4 2.92648E-7 8.67801E-4 1.83088E-7 
58379.72389 3.15949E-6 2.33279E-4 4.27916E-8 3.53526E-4 2.82366E-8 
145974.65266 7.91943E-7 1.00414E-4 6.24591E-9 1.45779E-4 4.30222E-9 
365000 1.98505E-7 4.32766E-5 9.10521E-10 6.06552E-5 6.49642E-10 
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 PCB87
 Linear Fit of Data1510E5A_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.74346 0.23602 7.38685 <0.0001 
B -0.54518 0.10585 -5.1505 3.17996E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.84076 0.70688 0.68024 0.1514 13 
Parameter LCI UCI   
A 1.22398 2.26294   
B -0.77816 -0.31221   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.6081 0.6081 26.52765 
Error 11 0.25215 0.02292  
Total 12 0.86025   
Prob>F     
3.17996E-4     
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 PCB87
 Linear Fit of Data1510E5A_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 1.69795 2.47754 1.16367 3.99369 0.72189 
1493.48334 1.03023 1.81656 0.58427 2.675 0.39677 
3734.35667 0.62509 1.34905 0.28964 1.85273 0.2109 
9337.51277 0.37927 1.00675 0.14288 1.31283 0.10957 
23347.83539 0.23012 0.75305 0.07032 0.94462 0.05606 
58379.72389 0.13963 0.56401 0.03457 0.68679 0.02839 
145974.65266 0.08472 0.42275 0.01698 0.50297 0.01427 
365000 0.0514 0.31703 0.00833 0.37025 0.00714 
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 PCB8
 Linear Fit of Data1510E5A_CK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.247 0.067 3.68668 0.01025 
B -0.80652 0.03833 -21.0438 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.99329 0.98663 0.9844 0.05401 8 
Parameter LCI UCI   
A 0.08306 0.41094   
B -0.9003 -0.71274   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.29168 1.29168 442.84153 
Error 6 0.0175 0.00292  
Total 7 1.30918   
Prob>F     
<0.0001     
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 PCB8
 Linear Fit of Data1510E5A_CK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01018 0.01322 0.00785 0.01521 0.00682 
1493.48334 0.00486 0.00684 0.00346 0.00768 0.00308 
3734.35667 0.00232 0.00355 0.00152 0.00391 0.00138 
9337.51277 0.00111 0.00184 6.679E-4 0.002 6.13904E-4 
23347.83539 5.29551E-4 9.56556E-4 2.9316E-4 0.00103 2.72331E-4 
58379.72389 2.52871E-4 4.97145E-4 1.28622E-4 5.30707E-4 1.20488E-4 
145974.65266 1.20751E-4 2.58451E-4 5.6416E-5 2.74044E-4 5.32059E-5 
365000 5.7661E-5 1.34388E-4 2.47403E-5 1.41709E-4 2.3462E-5 
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 PCB66
 Linear Fit of Data1510E5A_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.6542 0.25996 6.3634 <0.0001 
B -0.74423 0.11658 -6.38359 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.88738 0.78744 0.76812 0.16676 13 
Parameter LCI UCI   
A 1.08204 2.22636   
B -1.00083 -0.48763   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.13318 1.13318 40.75019 
Error 11 0.30589 0.02781  
Total 12 1.43907   
Prob>F     
<0.0001     
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 PCB66
 Linear Fit of Data1510E5A_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.38734 0.58725 0.25548 0.99358 0.151 
1493.48334 0.19583 0.36574 0.10485 0.56013 0.06846 
3734.35667 0.09901 0.23101 0.04243 0.32763 0.02992 
9337.51277 0.05005 0.14669 0.01708 0.19651 0.01275 
23347.83539 0.02531 0.09339 0.00686 0.11987 0.00534 
58379.72389 0.01279 0.05954 0.00275 0.07397 0.00221 
145974.65266 0.00647 0.03799 0.0011 0.04601 9.0949E-4 
365000 0.00327 0.02426 4.40916E-4 0.02878 3.7164E-4
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 PCB52
 Linear Fit of Data1510E5A_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.82136 0.17653 10.31768 <0.0001 
B -0.45673 0.07917 -5.76905 1.24826E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.86694 0.75159 0.72901 0.11324 13 
Parameter LCI UCI   
A 1.43282 2.20989   
B -0.63098 -0.28248   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.42678 0.42678 33.28199 
Error 11 0.14106 0.01282  
Total 12 0.56784   
Prob>F     
1.24826E-4     
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 PCB52
 Linear Fit of Data1510E5A_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 3.57593 4.74375 2.69561 6.77967 1.88612 
1493.48334 2.3529 3.5961 1.53948 4.8033 1.15257 
3734.35667 1.54817 2.75228 0.87085 3.48935 0.6869 
9337.51277 1.01867 2.11415 0.49083 2.57847 0.40244 
23347.83539 0.67027 1.62679 0.27616 1.92732 0.2331 
58379.72389 0.44102 1.25298 0.15523 1.45186 0.13397 
145974.65266 0.29019 0.96563 0.0872 1.09963 0.07658 
365000 0.19094 0.74446 0.04897 0.83608 0.0436 
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 PCB49
 Linear Fit of Data1510E5A_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.32855 0.1739 7.6398 <0.0001 
B -0.57104 0.07799 -7.32198 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.91091 0.82975 0.81427 0.11155 13 
Parameter LCI UCI   
A 0.9458 1.7113   
B -0.7427 -0.39939   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.66715 0.66715 53.61145 
Error 11 0.13689 0.01244  
Total 12 0.80403   
Prob>F     
<0.0001     
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 PCB49
 Linear Fit of Data1510E5A_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.55365 0.73138 0.41911 1.03972 0.29482 
1493.48334 0.32806 0.49824 0.21601 0.66263 0.16242 
3734.35667 0.19439 0.34263 0.11029 0.43285 0.0873 
9337.51277 0.11518 0.23646 0.05611 0.28755 0.04614 
23347.83539 0.06825 0.16348 0.02849 0.19319 0.02411 
58379.72389 0.04044 0.11312 0.01446 0.13079 0.0125 
145974.65266 0.02396 0.07832 0.00733 0.08902 0.00645 
365000 0.0142 0.05425 0.00372 0.06082 0.00331 
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 PCB44
 Linear Fit of Data1510E5A_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.76176 0.17552 10.03745 <0.0001 
B -0.53613 0.07872 -6.81088 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.89907 0.80832 0.7909 0.11259 13 
Parameter LCI UCI   
A 1.37544 2.14807   
B -0.70938 -0.36287   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.58806 0.58806 46.38802 
Error 11 0.13945 0.01268  
Total 12 0.72751   
Prob>F     
<0.0001     
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 PCB44
 Linear Fit of Data1510E5A_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 1.87659 2.48542 1.4169 3.54486 0.99343 
1493.48334 1.14811 1.75048 0.75302 2.33424 0.5647 
3734.35667 0.70242 1.24463 0.39641 1.57581 0.3131 
9337.51277 0.42974 0.88817 0.20793 1.08201 0.17068 
23347.83539 0.26292 0.6349 0.10888 0.75146 0.09199 
58379.72389 0.16085 0.45428 0.05696 0.52594 0.0492 
145974.65266 0.09841 0.32523 0.02978 0.37009 0.02617 
365000 0.06021 0.23293 0.01556 0.26143 0.01387 
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 PCB28
 Linear Fit of Data1510E5A_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.84677 0.12763 6.63461 <0.0001 
B -0.65391 0.0588 -11.1205 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.95475 0.91155 0.90418 0.10288 14 
Parameter LCI UCI   
A 0.56869 1.12485   
B -0.78203 -0.52579   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.30885 1.30885 123.66558 
Error 12 0.12701 0.01058  
Total 13 1.43585   
Prob>F     
<0.0001     
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 PCB28
 Linear Fit of Data1510E5A_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.10749 0.13635 0.08474 0.18975 0.0609 
1493.48334 0.05904 0.08297 0.04201 0.10955 0.03181 
3734.35667 0.03242 0.05086 0.02067 0.06431 0.01635 
9337.51277 0.01781 0.03127 0.01014 0.03822 0.0083 
23347.83539 0.00978 0.01926 0.00497 0.02292 0.00417 
58379.72389 0.00537 0.01187 0.00243 0.01383 0.00209 
145974.65266 0.00295 0.00732 0.00119 0.00839 0.00104 
365000 0.00162 0.00451 5.81272E-4 0.0051 5.14196E-4
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 PCB184
 Linear Fit of Data1510E5A_DJ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.03783 0.20813 0.18175 0.87253 
B -0.59721 0.17386 -3.43488 0.07531 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.92469 0.85506 0.78258 0.23058 4 
Parameter LCI UCI   
A -0.85768 0.93333   
B -1.34529 0.15088   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.6273 0.6273 11.79843 
Error 2 0.10634 0.05317  
Total 3 0.73364   
Prob>F     
0.07531     
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 PCB184
 Linear Fit of Data1510E5A_DJ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.02398 0.63176 9.10335E-4 1.29622 4.43681E-4 
1493.48334 0.01387 0.6999 2.74992E-4 1.29709 1.48384E-4 
3734.35667 0.00803 0.78355 8.2205E-5 1.34186 4.80015E-5 
9337.51277 0.00464 0.88292 2.44145E-5 1.42068 1.5173E-5 
23347.83539 0.00269 0.9992 7.21978E-6 1.5292 4.7175E-6 
58379.72389 0.00155 1.13418 2.12863E-6 1.66607 1.44907E-6 
145974.65266 8.98864E-4 1.29018 6.26233E-7 1.83179 4.41075E-7 
365000 5.19992E-4 1.47001 1.83939E-7 2.02809 1.33323E-7 
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 PCB18 
 Linear Fit of DATA1510E5A_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
     
A 0.11837 0.1439 0.82254 0.42994 
B -0.5489 0.07285 -7.53428 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.92207 0.85022 0.83524 0.13561 12 
Parameter LCI UCI   
A -0.20227 0.439   
B -0.71122 -0.38657   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.04399 1.04399 56.76534 
Error 10 0.18391 0.01839  
Total 11 1.22791   
Prob>F     
<0.0001     
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 PCB18 
 Linear Fit of DATA1510E5A_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.0417 0.05231 0.03323 0.06649 0.02615 
1493.48334 0.02506 0.03396 0.0185 0.04168 0.01507 
3734.35667 0.01507 0.02215 0.01025 0.0264 0.0086 
9337.51277 0.00906 0.01447 0.00567 0.01686 0.00487 
23347.83539 0.00544 0.00947 0.00313 0.01082 0.00274 
58379.72389 0.00327 0.0062 0.00173 0.00698 0.00153 
145974.65266 0.00197 0.00406 9.5302E-4 0.00452 8.56447E-4 
365000 0.00118 0.00266 5.256E-4 0.00293 4.77125E-4
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 PCB156
 Linear Fit of Data1510E5A_DC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.88132 0.77244 1.14095 0.33672 
B -0.7612 0.37083 -2.0527 0.13242 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.76428 0.58412 0.44549 0.14884 5 
Parameter LCI UCI   
A -1.57695 3.33959   
B -1.94135 0.41895   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.09335 0.09335 4.21356 
Error 3 0.06646 0.02215  
Total 4 0.15981   
Prob>F     
0.13242     
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 PCB156
 Linear Fit of Data1510E5A_DC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.05863 0.41877 0.00821 0.55534 0.00619 
1493.48334 0.02918 0.60147 0.00142 0.72775 0.00117 
3734.35667 0.01453 0.87384 2.41474E-4 1.00787 2.09362E-4 
9337.51277 0.00723 1.27508 4.10042E-5 1.42868 3.65957E-5 
23347.83539 0.0036 1.86446 6.94822E-6 2.04915 6.32197E-6 
58379.72389 0.00179 2.72948 1.176E-6 2.95893 1.08481E-6 
145974.65266 8.91815E-4 3.99872 1.98897E-7 4.29057 1.85368E-7 
365000 4.43921E-4 5.86096 3.36235E-8 6.23885 3.15869E-8 
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 PCB153 
 Linear Fit of Data1510E5A_DB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.89173 0.59773 3.16488 0.0133 
B -0.79911 0.25069 -3.18763 0.01285 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.74799 0.5595 0.50443 0.18073 10 
Parameter LCI UCI   
A 0.51337 3.2701   
B -1.37721 -0.22102   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.33189 0.33189 10.161 
Error 8 0.2613 0.03266  
Total 9 0.59319   
Prob>F     
0.01285     
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 PCB153 
 Linear Fit of Data1510E5A_DB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.47125 0.8726 0.2545 1.47403 0.15066 
1493.48334 0.22656 0.68633 0.07479 0.98148 0.0523 
3734.35667 0.10893 0.55283 0.02146 0.71862 0.01651 
9337.51277 0.05237 0.44829 0.00612 0.55012 0.00499 
23347.83539 0.02518 0.36454 0.00174 0.43082 0.00147 
58379.72389 0.0121 0.29684 4.93598E-4 0.34173 4.28768E-4 
145974.65266 0.00582 0.24192 1.39995E-4 0.27319 1.23972E-4 
365000 0.0028 0.19726 3.96854E-5 0.2195 3.56636E-5
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 PCB138
 Linear Fit of Data1510E5A_DA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 3.14165 0.55267 5.68452 4.6257E-4 
B -1.31471 0.23179 -5.67192 4.69357E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.8949 0.80085 0.77596 0.1671 10 
Parameter LCI UCI   
A 1.86719 4.4161   
B -1.84923 -0.7802   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.89833 0.89833 32.17065 
Error 8 0.22339 0.02792  
Total 9 1.12172   
Prob>F     
4.69357E-4     
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 PCB138
 Linear Fit of Data1510E5A_DA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.31028 0.54847 0.17554 0.8906 0.1081 
1493.48334 0.093 0.25914 0.03338 0.36073 0.02398 
3734.35667 0.02787 0.12517 0.00621 0.15952 0.00487 
9337.51277 0.00835 0.06083 0.00115 0.07351 9.49607E-4 
23347.83539 0.0025 0.02964 2.11558E-4 0.03459 1.81279E-4 
58379.72389 7.50553E-4 0.01446 3.89544E-5 0.01647 3.41991E-5 
145974.65266 2.2496E-4 0.00706 7.16734E-6 0.0079 6.40545E-6 
365000 6.74263E-5 0.00345 1.31812E-6 0.00381 1.19412E-6
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 PCB128
 Linear Fit of Data1510E5A_CZ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 2.22976 0.4643 4.80245 0.00487 
B -1.18069 0.20197 -5.84588 0.00207 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.934 0.87237 0.84684 0.1161 7 
Parameter LCI UCI   
A 1.03625 3.42328   
B -1.69986 -0.66151   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.46066 0.46066 34.17426 
Error 5 0.0674 0.01348  
Total 6 0.52806   
Prob>F     
0.00207     
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 PCB128
 Linear Fit of Data1510E5A_CZ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.08953 0.16948 0.04729 0.22869 0.03505 
1493.48334 0.03034 0.09025 0.0102 0.11007 0.00836 
3734.35667 0.01028 0.04876 0.00217 0.05636 0.00188 
9337.51277 0.00348 0.02646 4.59014E-4 0.02963 4.09838E-4 
23347.83539 0.00118 0.01438 9.69694E-5 0.01578 8.83807E-5 
58379.72389 4.00226E-4 0.00783 2.04646E-5 0.00847 1.89218E-5 
145974.65266 1.35636E-4 0.00426 4.3163E-6 0.00456 4.03327E-6 
365000 4.59667E-5 0.00232 9.10031E-7 0.00246 8.57252E-7
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 PCB118
 Linear Fit of Data1510E5A_CW
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 4.97811 0.64411 7.72865 <0.0001 
B -2.0065 0.27015 -7.42746 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93453 0.87335 0.85752 0.19475 10 
Parameter LCI UCI   
A 3.49278 6.46343   
B -2.62946 -1.38354   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 2.09243 2.09243 55.16719 
Error 8 0.30343 0.03793  
Total 9 2.39586   
Prob>F     
<0.0001     
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 PCB118
 Linear Fit of Data1510E5A_CW
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.25568 0.49662 0.13163 0.87376 0.07482 
1493.48334 0.04065 0.13421 0.01231 0.19733 0.00837 
3734.35667 0.00646 0.03721 0.00112 0.04936 8.46276E-4 
9337.51277 0.00103 0.01039 1.01623E-4 0.01296 8.15078E-5 
23347.83539 1.63392E-4 0.00291 9.1712E-6 0.00349 7.66027E-6 
58379.72389 2.59784E-5 8.16627E-4 8.2642E-7 9.50432E-4 7.10074E-7 
145974.65266 4.13043E-6 2.29295E-4 7.4404E-8 2.61384E-4 6.52698E-8 
365000 6.56717E-7 6.44174E-5 6.69503E-9 7.22787E-5 5.96685E-9
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 PCB114
 Linear Fit of Data1510E5A_CV
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.17405 0.42601 -0.40856 0.70379 
B -0.35729 0.22352 -1.5985 0.18518 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.62434 0.3898 0.23725 0.18543 6 
Parameter LCI UCI   
A -1.35685 1.00875   
B -0.97787 0.26329   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.08786 0.08786 2.5552 
Error 4 0.13753 0.03438  
Total 5 0.22539   
Prob>F     
0.18518     
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 PCB114
 Linear Fit of Data1510E5A_CV
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.06824 0.26985 0.01726 0.41921 0.01111 
1493.48334 0.04919 0.33471 0.00723 0.46875 0.00516 
3734.35667 0.03545 0.42002 0.00299 0.54996 0.00229 
9337.51277 0.02555 0.52988 0.00123 0.66259 9.8539E-4 
23347.83539 0.01842 0.67035 5.05986E-4 0.81096 4.1825E-4 
58379.72389 0.01327 0.84947 2.07431E-4 1.00252 1.75765E-4 
145974.65266 0.00957 1.07762 8.49462E-5 1.24759 7.3373E-5 
365000 0.0069 1.36804 3.47614E-5 1.55982 3.04875E-5 
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 PCB105
 Linear Fit of Data1510E5A_CU
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 4.05202 0.5716 7.08894 1.03113E-4 
B -1.74254 0.23973 -7.26867 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93193 0.86849 0.85206 0.17283 10 
Parameter LCI UCI   
A 2.73391 5.37013   
B -2.29536 -1.18971   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.57811 1.57811 52.8335 
Error 8 0.23896 0.02987  
Total 9 1.81707   
Prob>F     
<0.0001     
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 PCB105
 Linear Fit of Data1510E5A_CU
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.16384 0.29531 0.0909 0.48755 0.05506 
1493.48334 0.03318 0.09575 0.0115 0.13481 0.00817 
3734.35667 0.00672 0.03176 0.00142 0.04082 0.00111 
9337.51277 0.00136 0.0106 1.74588E-4 0.0129 1.43551E-4 
23347.83539 2.75541E-4 0.00355 2.13894E-5 0.00416 1.82313E-5 
58379.72389 5.57993E-5 0.00119 2.61695E-6 0.00136 2.28727E-6 
145974.65266 1.12998E-5 3.99104E-4 3.19932E-7 4.48298E-4 2.84824E-7 
365000 2.28831E-6 1.33944E-4 3.90937E-8 1.48354E-4 3.52963E-8
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 PCB101
 Linear Fit of Data1510E5A_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 2.02151 0.24875 8.12668 <0.0001 
B -0.58658 0.11156 -5.25799 2.69249E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.84579 0.71537 0.68949 0.15957 13 
Parameter LCI UCI   
A 1.47401 2.569   
B -0.83212 -0.34104   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.70394 0.70394 27.64649 
Error 11 0.28008 0.02546  
Total 12 0.98402   
Prob>F     
2.69249E-4     
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 PCB101
 Linear Fit of Data1510E5A_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 2.47209 3.68136 1.66004 6.08899 1.00365 
1493.48334 1.4441 2.62542 0.79432 3.94762 0.52827 
3734.35667 0.84359 1.89773 0.375 2.65124 0.26842 
9337.51277 0.49279 1.3788 0.17613 1.82392 0.13314 
23347.83539 0.28787 1.00423 0.08252 1.27518 0.06499 
58379.72389 0.16816 0.7324 0.03861 0.90137 0.03137 
145974.65266 0.09823 0.53459 0.01805 0.64202 0.01503 
365000 0.05739 0.39041 0.00843 0.45979 0.00716 
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Felt Gasket/Inner (FGI) Leach Rate Extrapolation Results 
 
Linear Fit to Log(Y) = A + B * Log(X) 
for FGI at 25 deg-C 
 
 
tPCBs 
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 tPCBs
 Linear Fit of Data11231Q3B_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.23709 0.18199 6.79775 <0.0001 
B -0.31621 0.08913 -3.54761 0.00401 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.71548 0.51191 0.47123 0.24716 14 
Parameter LCI UCI   
A 0.84058 1.6336   
B -0.51042 -0.12201   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.76885 0.76885 12.58554 



Error 12 0.73308 0.06109  
Total 13 1.50194   
Prob>F     
0.00401     
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 tPCBs
 Linear Fit of Data11231Q3B_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 2.28678 3.81706 1.37 8.74794 0.59778 
1493.48334 1.71146 3.30541 0.88616 6.96722 0.42041 
3734.35667 1.28089 2.89931 0.56588 5.65456 0.29015 
9337.51277 0.95863 2.56001 0.35898 4.66301 0.19708 
23347.83539 0.71746 2.26897 0.22686 3.89647 0.1321 
58379.72389 0.53696 2.01571 0.14304 3.29132 0.0876 
145974.65266 0.40187 1.79346 0.09005 2.80468 0.05758 
365000 0.30076 1.5974 0.05663 2.40713 0.03758 
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 Cl9
 Linear Fit of DATA11231Q3B_CH
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 2.4405 0.81552 2.99256 0.02015 
B -1.28334 0.35859 -3.5788 0.00899 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.80412 0.6466 0.59612 0.30081 9 
Parameter LCI UCI   
A 0.5121 4.36889   
B -2.13128 -0.4354   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.1589 1.1589 12.80781 
Error 7 0.63339 0.09048  
Total 8 1.79229   
Prob>F     
0.00899     
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 Cl9
 Linear Fit of DATA11231Q3B_CH
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.13101 0.23457 0.07317 0.33863 0.05069 
1493.48334 0.05261 0.13362 0.02071 0.17404 0.0159 
3734.35667 0.02113 0.07721 0.00578 0.09444 0.00473 
9337.51277 0.00848 0.04484 0.00161 0.05268 0.00137 
23347.83539 0.00341 0.0261 4.44697E-4 0.02983 3.89027E-4 
58379.72389 0.00137 0.01521 1.23061E-4 0.01704 1.09793E-4 
145974.65266 5.49311E-4 0.00887 3.40298E-5 0.00979 3.08116E-5 
365000 2.20583E-4 0.00517 9.4058E-6 0.00565 8.61412E-6
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 Cl8
 Linear Fit of Data11231Q3B_CG
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 3.56422 0.7732 4.60971 0.00246 
B -1.53299 0.32593 -4.70346 0.0022 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.87157 0.75964 0.7253 0.23673 9 
Parameter LCI UCI   
A 1.7359 5.39254   
B -2.30369 -0.76229   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.23974 1.23974 22.12258 
Error 7 0.39228 0.05604  
Total 8 1.63202   
Prob>F     
0.0022     
 
 



0 50000 100000 150000 200000 250000 300000 350000
1E-9



1E-8



1E-7



1E-6



1E-5



1E-4



1E-3



0.01



0.1



1



10



100



1000



10000
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 Cl8
 Linear Fit of Data11231Q3B_CG
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.2034 0.47807 0.08654 0.95496 0.04332 
1493.48334 0.04991 0.22538 0.01105 0.36274 0.00687 
3734.35667 0.01225 0.10985 0.00137 0.15599 9.6163E-4 
9337.51277 0.00301 0.05406 1.67061E-4 0.07114 1.26969E-4 
23347.83539 7.37461E-4 0.02672 2.0357E-5 0.03344 1.62655E-5 
58379.72389 1.80961E-4 0.01323 2.47545E-6 0.01599 2.0484E-6 
145974.65266 4.44049E-5 0.00656 3.0066E-7 0.00772 2.55281E-7 
365000 1.08963E-5 0.00325 3.64896E-8 0.00376 3.1598E-8 
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 Cl7
 Linear Fit of DATA11231Q3B_CF
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 4.05365 1.46905 2.75937 0.03288 
B -1.87679 0.60632 -3.09541 0.02124 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.78417 0.61493 0.55075 0.33743 8 
Parameter LCI UCI   
A 0.45902 7.64829   
B -3.36039 -0.39319   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.09095 1.09095 9.58155 
Error 6 0.68315 0.11386  
Total 7 1.7741   
Prob>F     
     
0.02124     
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 Cl7
 Linear Fit of DATA11231Q3B_CF
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.18113 0.35228 0.09313 0.48643 0.06745 
1493.48334 0.06841 0.23655 0.01979 0.28864 0.01622 
3734.35667 0.02584 0.16183 0.00413 0.18615 0.00359 
9337.51277 0.00976 0.11127 8.56031E-4 0.12386 7.68999E-4 
23347.83539 0.00369 0.07666 1.77244E-4 0.0836 1.62534E-4 
58379.72389 0.00139 0.05288 3.66607E-5 0.05686 3.40935E-5 
145974.65266 5.25867E-4 0.03649 7.57834E-6 0.03884 7.11961E-6 
365000 1.9862E-4 0.02519 1.56597E-6 0.02661 1.48253E-6
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 Cl6
 Linear Fit of DATA11231Q3B_CE
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.35056 1.27578 1.05862 0.36747 
B -1.07497 0.63379 -1.69608 0.18844 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.69965 0.48951 0.31935 0.43835 5 
Parameter LCI UCI   
A -2.70954 5.41067   
B -3.09199 0.94206   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.55277 0.55277 2.87669 
Error 3 0.57646 0.19215  
Total 4 1.12923   
Prob>F     
0.18844     
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 Cl6
 Linear Fit of DATA11231Q3B_CE
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.205 0.46664 0.09006 0.52876 0.07948 
1493.48334 0.17792 0.57092 0.05544 0.6255 0.05061 
3734.35667 0.15441 0.70186 0.03397 0.75378 0.03163 
9337.51277 0.13401 0.86465 0.02077 0.91666 0.01959 
23347.83539 0.1163 1.06637 0.01268 1.12034 0.01207 
58379.72389 0.10094 1.31602 0.00774 1.37345 0.00742 
145974.65266 0.0876 1.62478 0.00472 1.68709 0.00455 
365000 0.07603 2.00655 0.00288 2.07516 0.00279 
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 Cl5
 Linear Fit of Data11231Q3B_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.15408 0.29494 0.52242 0.6201 
B -0.36768 0.1394 -2.63762 0.03866 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.73276 0.53693 0.45975 0.12664 8 
Parameter LCI UCI   
A -0.56761 0.87577   
B -0.70878 -0.02658   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.11158 0.11158 6.95705 
Error 6 0.09623 0.01604  
Total 7 0.20782   
Prob>F     
0.03866     
 



50000 100000 150000 200000 250000 300000 350000
1E-4



1E-3



0.01



0.1



1



10



100
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 Cl5
 Linear Fit of Data11231Q3B_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.13593 0.24624 0.07504 0.34402 0.05371 
1493.48334 0.09705 0.23566 0.03997 0.30299 0.03108 
3734.35667 0.06928 0.22779 0.02107 0.27753 0.0173 
9337.51277 0.04946 0.22106 0.01107 0.25976 0.00942 
23347.83539 0.03531 0.21494 0.0058 0.24621 0.00507 
58379.72389 0.02521 0.20922 0.00304 0.2352 0.0027 
145974.65266 0.018 0.20379 0.00159 0.22583 0.00143 
365000 0.01285 0.19858 8.31575E-4 0.2176 7.58896E-4
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 Cl4
 Linear Fit of Data11231Q3B_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.35742 0.13411 2.66519 0.02198 
B -0.34787 0.0633 -5.49602 1.87357E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.85618 0.73305 0.70878 0.12543 13 
Parameter LCI UCI   
A 0.06225 0.65259   
B -0.48718 -0.20856   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.47523 0.47523 30.20621 
Error 11 0.17306 0.01573  
Total 12 0.6483   
Prob>F     
1.87357E-4     
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 Cl4
 Linear Fit of Data11231Q3B_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.24641 0.33034 0.18381 0.49622 0.12237 
1493.48334 0.17915 0.26792 0.11979 0.38016 0.08442 
3734.35667 0.13024 0.21913 0.07741 0.29614 0.05728 
9337.51277 0.09469 0.17991 0.04983 0.23368 0.03837 
23347.83539 0.06884 0.148 0.03202 0.18619 0.02545 
58379.72389 0.05005 0.12189 0.02055 0.14942 0.01676 
145974.65266 0.03638 0.10046 0.01318 0.12058 0.01098 
365000 0.02645 0.08284 0.00845 0.09771 0.00716 
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 Cl3
 Linear Fit of Data11231Q3B_CB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.44707 0.07007 6.38082 <0.0001 
B -0.30616 0.03432 -8.9214 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93219 0.86898 0.85807 0.09516 14 
Parameter LCI UCI   
A 0.29441 0.59973   
B -0.38093 -0.23139   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.72073 0.72073 79.5914 
Error 12 0.10866 0.00906  
Total 13 0.82939   
Prob>F     
<0.0001     
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 Cl3
 Linear Fit of Data11231Q3B_CB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.39548 0.48172 0.32469 0.66292 0.23594 
1493.48334 0.29873 0.38488 0.23186 0.51287 0.174 
3734.35667 0.22564 0.30904 0.16475 0.39967 0.12739 
9337.51277 0.17044 0.24877 0.11677 0.31338 0.0927 
23347.83539 0.12874 0.20055 0.08264 0.24697 0.06711 
58379.72389 0.09724 0.16182 0.05843 0.19544 0.04838 
145974.65266 0.07345 0.13065 0.04129 0.15519 0.03476 
365000 0.05548 0.10552 0.02917 0.12357 0.02491 
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 Cl2
 Linear Fit of Data11231Q3B_CA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.92763 0.15754 5.88841 <0.0001 
B -0.5808 0.07716 -7.52739 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.90842 0.82523 0.81067 0.21396 14 
Parameter LCI UCI   
A 0.58439 1.27087   
B -0.74892 -0.41269   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 2.59385 2.59385 56.66158 
Error 12 0.54934 0.04578  
Total 13 3.14319   
Prob>F     
<0.0001     
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 Cl2
 Linear Fit of Data11231Q3B_CA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.20664 0.32198 0.13262 0.6601 0.06469 
1493.48334 0.12135 0.21453 0.06864 0.40909 0.036 
3734.35667 0.07126 0.14454 0.03514 0.2577 0.01971 
9337.51277 0.04185 0.09794 0.01788 0.1646 0.01064 
23347.83539 0.02458 0.06659 0.00907 0.10634 0.00568 
58379.72389 0.01443 0.04536 0.00459 0.06934 0.003 
145974.65266 0.00848 0.03094 0.00232 0.04557 0.00158 
365000 0.00498 0.02112 0.00117 0.03013 8.22446E-4
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 PCB8
 Linear Fit of Data11231Q3B_CK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.11289 0.0729 -1.54855 0.14745 
B -0.32329 0.03571 -9.05429 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93398 0.87231 0.86167 0.09901 14 
Parameter LCI UCI   
A -0.27173 0.04595   
B -0.40109 -0.24549   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.80366 0.80366 81.98018 
Error 12 0.11764 0.0098  
Total 13 0.9213   
Prob>F     
<0.0001     
 



0 50000 100000 150000 200000 250000 300000 350000
1E-3



0.01



0.1



1
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB8
 Linear Fit of Data11231Q3B_CK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.09763 0.11987 0.07952 0.16711 0.05704 
1493.48334 0.0726 0.0945 0.05577 0.1274 0.04137 
3734.35667 0.05398 0.07488 0.03892 0.09785 0.02978 
9337.51277 0.04014 0.05949 0.02708 0.07564 0.0213 
23347.83539 0.02985 0.04734 0.01882 0.05879 0.01515 
58379.72389 0.02219 0.0377 0.01306 0.04588 0.01073 
145974.65266 0.0165 0.03005 0.00906 0.03594 0.00758 
365000 0.01227 0.02395 0.00629 0.02823 0.00533 
 











 



 
 



A-131



PCB66 
 



0 100 200 300 400 500
1E-4



1E-3



0.01



0.1



1



10
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB66
 Linear Fit of Data11231Q3B_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.97206 0.18059 -5.38267 4.42941E-4 
B -0.39015 0.08989 -4.34024 0.00188 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.82262 0.6767 0.64077 0.1579 11 
Parameter LCI UCI   
A -1.38058 -0.56353   
B -0.5935 -0.1868   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.46968 0.46968 18.83765 
Error 9 0.2244 0.02493  
Total 10 0.69408   
Prob>F     
0.00188     
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 PCB66
 Linear Fit of Data11231Q3B_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00881 0.01401 0.00554 0.02265 0.00342 
1493.48334 0.00616 0.01156 0.00328 0.01735 0.00219 
3734.35667 0.00431 0.00963 0.00193 0.01361 0.00136 
9337.51277 0.00301 0.00805 0.00113 0.01086 8.35955E-4 
23347.83539 0.00211 0.00675 6.57432E-4 0.00877 5.06336E-4 
58379.72389 0.00147 0.00567 3.83028E-4 0.00714 3.03962E-4 
145974.65266 0.00103 0.00476 2.22958E-4 0.00586 1.81278E-4 
365000 7.20777E-4 0.00401 1.29704E-4 0.00483 1.0758E-4 
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 PCB52
 Linear Fit of Data11231Q3B_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.17093 0.20535 -0.83237 0.42673 
B -0.4576 0.09096 -5.03051 7.08876E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.85887 0.73766 0.70851 0.10754 11 
Parameter LCI UCI   
A -0.63546 0.2936   
B -0.66337 -0.25182   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.29269 0.29269 25.30602 
Error 9 0.10409 0.01157  
Total 10 0.39678   
Prob>F     
7.08876E-4     
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 PCB52
 Linear Fit of Data11231Q3B_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.0362 0.04932 0.02657 0.06865 0.01909 
1493.48334 0.0238 0.03841 0.01475 0.04972 0.01139 
3734.35667 0.01565 0.03023 0.0081 0.03714 0.00659 
9337.51277 0.01029 0.02388 0.00443 0.02828 0.00374 
23347.83539 0.00676 0.0189 0.00242 0.0218 0.0021 
58379.72389 0.00445 0.01497 0.00132 0.01693 0.00117 
145974.65266 0.00292 0.01187 7.20289E-4 0.01322 6.4665E-4 
365000 0.00192 0.00941 3.92647E-4 0.01036 3.56744E-4
 











 



 
 



A-133



PCB49 
 



0 100 200 300 400 500
1E-3



0.01



0.1



1



10
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB49
 Linear Fit of Data11231Q3B_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.81993 0.08915 -9.19685 <0.0001 
B -0.34735 0.04367 -7.95469 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.91684 0.84059 0.8273 0.12108 14 
Parameter LCI UCI   
A -1.01418 -0.62568   
B -0.44249 -0.25221   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.92774 0.92774 63.27708 
Error 12 0.17594 0.01466  
Total 13 1.10368   
Prob>F     
<0.0001     
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 PCB49
 Linear Fit of Data11231Q3B_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01643 0.02112 0.01279 0.03171 0.00852 
1493.48334 0.01195 0.0165 0.00866 0.02378 0.00601 
3734.35667 0.00869 0.01297 0.00583 0.018 0.0042 
9337.51277 0.00632 0.01023 0.00391 0.01373 0.00291 
23347.83539 0.0046 0.00809 0.00262 0.01054 0.00201 
58379.72389 0.00335 0.0064 0.00175 0.00813 0.00138 
145974.65266 0.00243 0.00506 0.00117 0.0063 9.39439E-4 
365000 0.00177 0.00401 7.81134E-4 0.0049 6.38971E-4
 











 



 
 



A-134



PCB44 
 



0 100 200 300 400 500
1E-3



0.01



0.1



1



10
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB44
 Linear Fit of Data11231Q3B_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.06303 0.21585 -0.29199 0.77692 
B -0.52825 0.09562 -5.52469 3.68249E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.87879 0.77228 0.74698 0.11305 11 
Parameter LCI UCI   
A -0.55132 0.42526   
B -0.74455 -0.31195   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.39005 0.39005 30.52215 
Error 9 0.11501 0.01278  
Total 10 0.50506   
Prob>F     
3.68249E-4     
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 PCB44
 Linear Fit of Data11231Q3B_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.02954 0.0409 0.02134 0.05789 0.01508 
1493.48334 0.01821 0.03011 0.01101 0.03949 0.00839 
3734.35667 0.01122 0.02241 0.00562 0.02783 0.00452 
9337.51277 0.00691 0.01675 0.00285 0.02002 0.00239 
23347.83539 0.00426 0.01255 0.00145 0.01458 0.00125 
58379.72389 0.00263 0.0094 7.32872E-4 0.0107 6.43976E-4 
145974.65266 0.00162 0.00705 3.71032E-4 0.0079 3.31267E-4 
365000 9.96986E-4 0.00529 1.87768E-4 0.00586 1.69765E-4 
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 PCB28
 Linear Fit of Data11231Q3B_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.01333 0.10688 -0.12472 0.90299 
B -0.40695 0.05044 -8.06742 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.92489 0.85542 0.84228 0.09996 13 
Parameter LCI UCI   
A -0.24857 0.22191   
B -0.51798 -0.29592   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.65036 0.65036 65.08332 
Error 11 0.10992 0.00999  
Total 12 0.76028   
Prob>F     
<0.0001     
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 PCB28
 Linear Fit of Data11231Q3B_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.07193 0.09086 0.05694 0.12566 0.04117 
1493.48334 0.04954 0.06827 0.03594 0.09023 0.0272 
3734.35667 0.03412 0.05165 0.02254 0.06566 0.01773 
9337.51277 0.0235 0.03919 0.01409 0.04827 0.01144 
23347.83539 0.01618 0.02978 0.00879 0.03576 0.00732 
58379.72389 0.01114 0.02265 0.00548 0.02665 0.00466 
145974.65266 0.00767 0.01724 0.00342 0.01994 0.00295 
365000 0.00529 0.01313 0.00213 0.01497 0.00187 
 











 



 
 



A-136



PCB206 
 



0 100 200 300 400 500
1E-3



0.01



0.1



1



10



100



1000
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB206
 Linear Fit of Data11231Q3B_DN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 3.05277 0.49679 6.14499 4.69839E-4 
B -1.71577 0.21845 -7.85447 1.02466E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.94768 0.8981 0.88354 0.18324 9 
Parameter LCI UCI   
A 1.87805 4.2275   
B -2.23231 -1.19923   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 2.07149 2.07149 61.69275 
Error 7 0.23504 0.03358  
Total 8 2.30654   
Prob>F     
1.02466E-4     
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 PCB206
 Linear Fit of Data11231Q3B_DN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01947 0.03927 0.00966 0.06594 0.00575 
1493.48334 0.00404 0.01264 0.00129 0.01839 8.88137E-4 
3734.35667 8.38823E-4 0.00415 1.69474E-4 0.00552 1.27359E-4 
9337.51277 1.74087E-4 0.00137 2.20843E-5 0.00172 1.75745E-5 
23347.83539 3.61296E-5 4.54937E-4 2.8693E-6 5.49805E-4 2.37421E-6 
58379.72389 7.49826E-6 1.51056E-4 3.72205E-7 1.77515E-4 3.16728E-7 
145974.65266 1.55617E-6 5.02034E-5 4.8237E-8 5.77728E-5 4.19171E-8 
365000 3.22964E-7 1.66951E-5 6.24767E-9 1.89029E-5 5.51798E-9
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 PCB187
 Linear Fit of Data11231Q3B_DK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 2.87342 0.68683 4.18357 0.00412 
B -1.5905 0.28952 -5.49351 9.12796E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.90095 0.81172 0.78482 0.21029 9 
Parameter LCI UCI   
A 1.24932 4.49753   
B -2.27511 -0.90589   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.3345 1.3345 30.17862 
Error 7 0.30954 0.04422  
Total 8 1.64404   
Prob>F     
9.12796E-4     
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 PCB187
 Linear Fit of Data11231Q3B_DK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.0287 0.06132 0.01343 0.11337 0.00727 
1493.48334 0.00668 0.0255 0.00175 0.03891 0.00115 
3734.35667 0.00156 0.01092 2.2155E-4 0.01491 1.62259E-4 
9337.51277 3.62057E-4 0.00472 2.77933E-5 0.00602 2.17808E-5 
23347.83539 8.42819E-5 0.00204 3.47413E-6 0.0025 2.84632E-6 
58379.72389 1.96197E-5 8.88033E-4 4.33465E-7 0.00105 3.66354E-7 
145974.65266 4.56719E-6 3.86098E-4 5.40257E-8 4.46495E-4 4.67176E-8 
365000 1.06318E-6 1.67979E-4 6.72909E-9 1.9089E-4 5.92146E-9
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 PCB183
 Linear Fit of Data11231Q3B_DI
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.61016 0.40472 -1.5076 0.22877 
B -0.47963 0.18777 -2.55429 0.08363 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.82766 0.68502 0.58003 0.09373 5 
Parameter LCI UCI   
A -1.89818 0.67785   
B -1.07721 0.11795   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.05732 0.05732 6.52439 
Error 3 0.02636 0.00879  
Total 4 0.08367   
Prob>F     
0.08363     
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 PCB183
 Linear Fit of Data11231Q3B_DI
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01144 0.02878 0.00455 0.03613 0.00362 
1493.48334 0.00737 0.03144 0.00173 0.03668 0.00148 
3734.35667 0.00475 0.03471 6.49437E-4 0.03895 5.78753E-4 
9337.51277 0.00306 0.03847 2.43237E-4 0.04216 2.21967E-4 
23347.83539 0.00197 0.04272 9.09343E-5 0.04609 8.43009E-5 
58379.72389 0.00127 0.04749 3.39618E-5 0.05066 3.18386E-5 
145974.65266 8.18284E-4 0.05282 1.26762E-5 0.05588 1.19832E-5 
365000 5.27235E-4 0.05878 4.72948E-6 0.06178 4.49983E-6
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 PCB180
 Linear Fit of Data11231Q3B_DH
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.26151 0.53059 2.37757 0.05495 
B -1.03299 0.22758 -4.53908 0.00394 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.88004 0.77446 0.73687 0.14655 8 
Parameter LCI UCI   
A -0.03679 2.55981   
B -1.58986 -0.47613   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.44247 0.44247 20.60325 
Error 6 0.12885 0.02148  
Total 7 0.57132   
Prob>F     
0.00394     
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 PCB180
 Linear Fit of Data11231Q3B_DH
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.02476 0.04759 0.01288 0.07096 0.00864 
1493.48334 0.00961 0.02983 0.00309 0.03904 0.00236 
3734.35667 0.00373 0.01905 7.29216E-4 0.0232 5.9881E-4 
9337.51277 0.00145 0.01224 1.70921E-4 0.01428 1.46518E-4 
23347.83539 5.61219E-4 0.00788 3.99658E-5 0.00894 3.52342E-5 
58379.72389 2.17763E-4 0.00508 9.33338E-6 0.00565 8.39114E-6 
145974.65266 8.44961E-5 0.00328 2.17807E-6 0.00359 1.98659E-6 
365000 3.2786E-5 0.00212 5.08047E-7 0.00229 4.68513E-7 
 











 



 
 



A-140



PCB18 
 



0 100 200 300 400 500
0.01



0.1



1



10
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB18
 Linear Fit of Data11231Q3B_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.05359 0.09916 0.54041 0.59968 
B -0.35306 0.0468 -7.54373 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.91543 0.83802 0.82329 0.09275 13 
Parameter LCI UCI   
A -0.16467 0.27184   
B -0.45607 -0.25005   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.48952 0.48952 56.90789 
Error 11 0.09462 0.0086  
Total 12 0.58414   
Prob>F     
<0.0001     
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 PCB18
 Linear Fit of Data11231Q3B_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.11842 0.14708 0.09535 0.19871 0.07057 
1493.48334 0.08569 0.11539 0.06363 0.14946 0.04912 
3734.35667 0.062 0.09109 0.0422 0.11381 0.03377 
9337.51277 0.04486 0.07211 0.02791 0.08749 0.023 
23347.83539 0.03246 0.05717 0.01843 0.06774 0.01555 
58379.72389 0.02349 0.04536 0.01216 0.05273 0.01046 
145974.65266 0.01699 0.03601 0.00802 0.04121 0.00701 
365000 0.0123 0.0286 0.00529 0.03231 0.00468 
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 PCB101
 Linear Fit of Data11231Q3B_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.79257 0.18739 -4.22944 0.00825 
B -0.41925 0.09166 -4.57406 0.00598 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.89839 0.80711 0.76854 0.06947 7 
Parameter LCI UCI   
A -1.27428 -0.31086   
B -0.65487 -0.18364   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.10097 0.10097 20.92199 
Error 5 0.02413 0.00483  
Total 6 0.1251   
Prob>F     
0.00598     
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 PCB101
 Linear Fit of Data11231Q3B_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01105 0.0171 0.00714 0.02013 0.00607 
1493.48334 0.00753 0.01432 0.00396 0.01615 0.00351 
3734.35667 0.00513 0.01204 0.00218 0.01323 0.00199 
9337.51277 0.00349 0.01015 0.0012 0.01095 0.00111 
23347.83539 0.00238 0.00856 6.60177E-4 0.00913 6.19021E-4 
58379.72389 0.00162 0.00722 3.62749E-4 0.00764 3.43168E-4 
145974.65266 0.0011 0.0061 1.99252E-4 0.0064 1.89776E-4 
365000 7.50637E-4 0.00515 1.09421E-4 0.00538 1.04773E-4 
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Felt Gasket/Outer (FGO) Leach Rate Extrapolation Results 
 
Linear Fit to Log(Y) = A + B * Log(X) 
for FGO at 25 deg-C 
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 tPCBs
 Linear Fit of Data11231Q3D_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Parameter Value Error t-Value Prob>|t| 
A 2.18047 0.38608 5.64767 4.82728E-4 
B -0.69812 0.16428 -4.24963 0.0028 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.83247 0.69301 0.65463 0.12701 10 
Parameter LCI UCI   
A 1.29016 3.07079   
B -1.07695 -0.3193   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.29131 0.29131 18.05935 



Error 8 0.12904 0.01613  
Total 9 0.42035   
Prob>F     
0.0028     
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 tPCBs
 Linear Fit of Data11231Q3D_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 1.74724 2.70788 1.1274 3.90491 0.7818 
1493.48334 0.92149 1.97122 0.43077 2.54622 0.33349 
3734.35667 0.48599 1.45706 0.1621 1.76294 0.13397 
9337.51277 0.25631 1.08195 0.06072 1.25714 0.05226 
23347.83539 0.13518 0.80498 0.0227 0.91051 0.02007 
58379.72389 0.07129 0.59951 0.00848 0.66537 0.00764 
145974.65266 0.0376 0.44674 0.00316 0.48893 0.00289 
365000 0.01983 0.33303 0.00118 0.36058 0.00109 
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 Cl7
 Linear Fit of DATA11231Q3D_CF
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 4.8304 2.66716 1.81107 0.12989 
B -2.12925 1.07644 -1.97805 0.10484 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.66257 0.439 0.3268 0.34699 7 
Parameter LCI UCI   
A -2.02574 11.68654   
B -4.89632 0.63782   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.4711 0.4711 3.9127 
Error 5 0.60202 0.1204  
Total 6 1.07312   
Prob>F     
     
0.10484     
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 Cl7
 Linear Fit of DATA11231Q3D_CF
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.13762 0.50659 0.03738 1.20285 0.01574 
1493.48334 0.04196 0.48603 0.00362 0.84307 0.00209 
3734.35667 0.01279 0.48678 3.36142E-4 0.71997 2.27273E-4 
9337.51277 0.0039 0.49312 3.08439E-5 0.66615 2.28323E-5 
23347.83539 0.00119 0.50184 2.81717E-6 0.64013 2.2086E-6 
58379.72389 3.62512E-4 0.51191 2.56717E-7 0.62779 2.0933E-7 
145974.65266 1.10523E-4 0.52286 2.33626E-8 0.62319 1.96012E-8 
365000 3.36964E-5 0.53449 2.12437E-9 0.62345 1.82124E-9 
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 Cl5
 Linear Fit of Data11231Q3D_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.64238 0.18823 3.41283 0.01427 
B -0.46223 0.09184 -5.03321 0.00237 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.89917 0.80851 0.7766 0.09572 8 
Parameter LCI UCI   
A 0.18181 1.10295   
B -0.68694 -0.23751   
ANOVA 
Table: 



    



 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.23209 0.23209 25.33325 
Error 6 0.05497 0.00916  
Total 7 0.28706   
Prob>F     
0.00237     
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 Cl5
 Linear Fit of Data11231Q3D_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.22864 0.35395 0.14769 0.45773 0.11421 
1493.48334 0.14968 0.28071 0.07982 0.34271 0.06538 
3734.35667 0.09799 0.22415 0.04284 0.2631 0.0365 
9337.51277 0.06415 0.1795 0.02293 0.20499 0.02008 
23347.83539 0.042 0.14396 0.01225 0.16116 0.01095 
58379.72389 0.0275 0.11555 0.00654 0.12744 0.00593 
145974.65266 0.018 0.0928 0.00349 0.10117 0.0032 
365000 0.01179 0.07456 0.00186 0.08054 0.00172 
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 Cl4
 Linear Fit of Data11231Q3D_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 1.7476 0.34267 5.10002 9.29824E-4 
B -0.77159 0.1458 -5.29199 7.35473E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.88193 0.77781 0.75004 0.11272 10 
Parameter LCI UCI   
A 0.95741 2.53779   
B -1.10782 -0.43537   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.35584 0.35584 28.00511 
Error 8 0.10165 0.01271  
Total 9 0.4575   
Prob>F     
7.35473E-4     
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 Cl4
 Linear Fit of Data11231Q3D_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.4032 0.59483 0.2733 0.82318 0.19749 
1493.48334 0.1988 0.39041 0.10123 0.48998 0.08066 
3734.35667 0.09802 0.25974 0.03699 0.3076 0.03123 
9337.51277 0.04833 0.1735 0.01346 0.19822 0.01178 
23347.83539 0.02383 0.1161 0.00489 0.12951 0.00438 
58379.72389 0.01175 0.07776 0.00178 0.0853 0.00162 
145974.65266 0.00579 0.05211 6.43986E-4 0.05645 5.94425E-4 
365000 0.00286 0.03493 2.33552E-4 0.03748 2.17644E-4 
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 Cl3
 Linear Fit of Data11231Q3D_CB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.80081 0.11788 6.79361 <0.0001 
B -0.35314 0.05475 -6.44983 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.88931 0.79088 0.77186 0.10552 13 
Parameter LCI UCI   
A 0.54137 1.06026   
B -0.47365 -0.23263   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.46321 0.46321 41.60036 
Error 11 0.12248 0.01113  
Total 12 0.58569   
Prob>F     
<0.0001     
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 Cl3
 Linear Fit of Data11231Q3D_CB
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.66133 0.84269 0.51901 1.18962 0.36765 
1493.48334 0.47848 0.66992 0.34175 0.90007 0.25436 
3734.35667 0.34618 0.53666 0.22331 0.69123 0.17338 
9337.51277 0.25047 0.43136 0.14543 0.53694 0.11684 
23347.83539 0.18122 0.34732 0.09455 0.42066 0.07806 
58379.72389 0.13111 0.27993 0.06141 0.33166 0.05183 
145974.65266 0.09486 0.22576 0.03986 0.26273 0.03425 
365000 0.06863 0.18215 0.02586 0.20888 0.02255 
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 Cl2
 Linear Fit of Data11231Q3D_CA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.91968 0.1901 4.83792 5.2072E-4 
B -0.52423 0.0883 -5.93703 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.87301 0.76215 0.74053 0.17017 13 
Parameter LCI UCI   
A 0.50127 1.33808   
B -0.71857 -0.32988   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 1.02073 1.02073 35.24828 
Error 11 0.31854 0.02896  
Total 12 1.33928   
Prob>F     
<0.0001     
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 Cl2
 Linear Fit of Data11231Q3D_CA
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.29129 0.43059 0.19706 0.75083 0.11301 
1493.48334 0.18017 0.31002 0.10471 0.49914 0.06503 
3734.35667 0.11144 0.22598 0.05495 0.33989 0.03654 
9337.51277 0.06893 0.16562 0.02869 0.23575 0.02015 
23347.83539 0.04263 0.12172 0.01493 0.16579 0.01096 
58379.72389 0.02637 0.0896 0.00776 0.11778 0.0059 
145974.65266 0.01631 0.06603 0.00403 0.08432 0.00315 
365000 0.01009 0.04869 0.00209 0.06071 0.00168 
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 PCB8
 Linear Fit of Data11231Q3D_CK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.3979 0.11822 3.36582 0.00717 
B -0.49439 0.05303 -9.32357 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.94701 0.89683 0.88651 0.07259 12 
Parameter LCI UCI   
A 0.13449 0.6613   
B -0.61254 -0.37624   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.45812 0.45812 86.92891 
Error 10 0.0527 0.00527  
Total 11 0.51082   
Prob>F     
<0.0001     
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 PCB8
 Linear Fit of Data11231Q3D_CK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.10602 0.12838 0.08755 0.16115 0.06975 
1493.48334 0.06739 0.08984 0.05055 0.10788 0.0421 
3734.35667 0.04284 0.06327 0.029 0.07346 0.02498 
9337.51277 0.02723 0.04467 0.0166 0.05059 0.01466 
23347.83539 0.01731 0.03158 0.00949 0.03511 0.00853 
58379.72389 0.011 0.02233 0.00542 0.02449 0.00494 
145974.65266 0.00699 0.0158 0.0031 0.01714 0.00285 
365000 0.00445 0.01118 0.00177 0.01202 0.00164 
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 PCB66
 Linear Fit of Data11231Q3D_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.17758 0.22255 0.79791 0.45114 
B -0.73831 0.10547 -7.00017 2.11524E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.93542 0.87501 0.85715 0.12177 9 
Parameter LCI UCI   
A -0.34868 0.70383   
B -0.98771 -0.48891   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.72655 0.72655 49.00232 
Error 7 0.10379 0.01483  
Total 8 0.83034   
Prob>F     
2.11524E-4     
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 PCB66
 Linear Fit of Data11231Q3D_CQ
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01342 0.02125 0.00848 0.03008 0.00599 
1493.48334 0.00682 0.01332 0.0035 0.0175 0.00266 
3734.35667 0.00347 0.00843 0.00143 0.01051 0.00115 
9337.51277 0.00176 0.00535 5.80686E-4 0.00643 4.83664E-4 
23347.83539 8.96321E-4 0.00341 2.35759E-4 0.00398 2.01804E-4 
58379.72389 4.55623E-4 0.00217 9.56127E-5 0.00248 8.35443E-5 
145974.65266 2.31605E-4 0.00138 3.87495E-5 0.00156 3.44033E-5 
365000 1.17731E-4 8.82999E-4 1.56971E-5 9.82003E-4 1.41145E-5
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 PCB52
 Linear Fit of Data11231Q3D_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.45343 0.35543 1.27571 0.23785 
B -0.56837 0.15124 -3.75818 0.00556 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.799 0.6384 0.5932 0.11692 10 
Parameter LCI UCI   
A -0.3662 1.27306   
B -0.91713 -0.21962   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.19309 0.19309 14.1239 
Error 8 0.10937 0.01367  
Total 9 0.30245   
Prob>F     
0.00556     
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 PCB52
 Linear Fit of Data11231Q3D_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.07508 0.11238 0.05016 0.15742 0.03581 
1493.48334 0.0446 0.08981 0.02214 0.11367 0.0175 
3734.35667 0.02649 0.07279 0.00964 0.08675 0.00809 
9337.51277 0.01573 0.05924 0.00418 0.06802 0.00364 
23347.83539 0.00935 0.04831 0.00181 0.05411 0.00161 
58379.72389 0.00555 0.03942 7.81752E-4 0.04339 7.10221E-4 
145974.65266 0.0033 0.03219 3.37784E-4 0.03498 3.1086E-4 
365000 0.00196 0.0263 1.45902E-4 0.02829 1.35607E-4
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 PCB49
 Linear Fit of Data11231Q3D_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.11905 0.14998 0.79374 0.45024 
B -0.5867 0.06626 -8.85501 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.95259 0.90742 0.89585 0.06478 10 
Parameter LCI UCI   
A -0.22681 0.4649   
B -0.73949 -0.43391   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F 



Statistic 
Model 1 0.32908 0.32908 78.41117 
Error 8 0.03357 0.0042  
Total 9 0.36265   
Prob>F     
<0.0001     
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 PCB49
 Linear Fit of Data11231Q3D_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.03092 0.03842 0.02489 0.04644 0.02059 
1493.48334 0.01806 0.02551 0.01279 0.02941 0.01109 
3734.35667 0.01055 0.01705 0.00653 0.01905 0.00584 
9337.51277 0.00616 0.01143 0.00332 0.01249 0.00304 
23347.83539 0.0036 0.00766 0.00169 0.00826 0.00157 
58379.72389 0.0021 0.00514 8.59397E-4 0.00548 8.06234E-4 
145974.65266 0.00123 0.00345 4.36775E-4 0.00365 4.13098E-4 
365000 7.17228E-4 0.00232 2.21936E-4 0.00244 2.1124E-4 
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 PCB44
 Linear Fit of Data11231Q3D_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.52756 0.25485 2.0701 0.07222 
B -0.6337 0.10844 -5.84385 3.85457E-4 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.90011 0.8102 0.78648 0.08383 10 
Parameter LCI UCI   
A -0.06012 1.11525   
B -0.88376 -0.38364   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.24002 0.24002 34.15055 
Error 8 0.05623 0.00703  
Total 9 0.29625   
Prob>F     
3.85457E-4     
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 PCB44
 Linear Fit of Data11231Q3D_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.05865 0.07833 0.04392 0.09973 0.0345 
1493.48334 0.03282 0.05421 0.01987 0.06419 0.01678 
3734.35667 0.01836 0.0379 0.00889 0.04298 0.00784 
9337.51277 0.01027 0.02658 0.00397 0.02934 0.0036 
23347.83539 0.00575 0.01866 0.00177 0.02024 0.00163 
58379.72389 0.00322 0.01311 7.88452E-4 0.01404 7.36027E-4 
145974.65266 0.0018 0.00922 3.51121E-4 0.00978 3.3082E-4 
365000 0.00101 0.00648 1.56327E-4 0.00683 1.48336E-4
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 PCB28
 Linear Fit of Data11231Q3D_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.61799 0.15963 3.87138 0.0031 
B -0.5632 0.0716 -7.86567 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.92782 0.86086 0.84694 0.09803 12 
Parameter LCI UCI   
A 0.26231 0.97367   
B -0.72274 -0.40366   
ANOVA 
Table: 



    



 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.59451 0.59451 61.8687 
Error 10 0.09609 0.00961  
Total 11 0.6906   
Prob>F     
<0.0001     
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 PCB28
 Linear Fit of Data11231Q3D_CM
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.11336 0.14679 0.08754 0.19954 0.0644 
1493.48334 0.06765 0.09974 0.04589 0.1277 0.03584 
3734.35667 0.04038 0.06837 0.02385 0.08363 0.01949 
9337.51277 0.0241 0.04702 0.01235 0.05562 0.01044 
23347.83539 0.01438 0.03239 0.00639 0.03737 0.00553 
58379.72389 0.00858 0.02233 0.0033 0.02528 0.00291 
145974.65266 0.00512 0.0154 0.0017 0.01718 0.00153 
365000 0.00306 0.01063 8.79572E-4 0.01172 7.97715E-4
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 PCB187
 Linear Fit of DATA11231Q3D_DK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 8.39912 2.47861 3.38864 0.04282 
B -3.63293 0.97635 -3.72092 0.03379 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.90659 0.82191 0.76254 0.17302 5 
Parameter LCI UCI   
A 0.51104 16.28719   
B -6.74013 -0.52573   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
     
Model 1 0.41448 0.41448 13.84526 
Error 3 0.08981 0.02994  
Total 4 0.50429   
Prob>F     
0.03379     
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 PCB187
 Linear Fit of DATA11231Q3D_DK
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.18751 0.28637 0.12278 0.3778 0.09307 
1493.48334 0.16215 0.33443 0.07861 0.40446 0.065 
3734.35667 0.14021 0.39498 0.04977 0.45469 0.04324 
9337.51277 0.12124 0.46813 0.0314 0.52294 0.02811 
23347.83539 0.10484 0.55566 0.01978 0.60853 0.01806 
58379.72389 0.09066 0.66007 0.01245 0.71287 0.01153 
145974.65266 0.07839 0.78447 0.00783 0.83853 0.00733 
365000 0.06779 0.93259 0.00493 0.98901 0.00465 
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 PCB18
 Linear Fit of Data11231Q3D_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.53762 0.14416 3.72929 0.00391 
B -0.46041 0.06466 -7.12001 <0.0001 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.91391 0.83524 0.81876 0.08853 12 
Parameter LCI UCI   
A 0.21641 0.85884   
B -0.60448 -0.31633   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.3973 0.3973 50.69455 
Error 10 0.07837 0.00784  
Total 11 0.47567   
Prob>F     
<0.0001     
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 PCB18
 Linear Fit of Data11231Q3D_CL
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.18174 0.22952 0.14391 0.30285 0.10906 
1493.48334 0.11918 0.16922 0.08394 0.21154 0.06715 
3734.35667 0.07815 0.12575 0.04857 0.15086 0.04049 
9337.51277 0.05125 0.09373 0.02803 0.10909 0.02408 
23347.83539 0.03361 0.06996 0.01615 0.07961 0.01419 
58379.72389 0.02204 0.05226 0.0093 0.05846 0.00831 
145974.65266 0.01445 0.03905 0.00535 0.04311 0.00485 
365000 0.00948 0.0292 0.00308 0.03189 0.00282 
 











 



 
 



A-156



PCB101 
 



0 100 200 300 400 500
1E-3



0.01



0.1



1



10
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB101
 Linear Fit of Data11231Q3D_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.18166 0.51561 -0.35232 0.74238 
B -0.52642 0.23374 -2.25215 0.08744 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.74772 0.55909 0.44887 0.12108 6 
Parameter LCI UCI   
A -1.61322 1.2499   
B -1.17539 0.12255   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.07436 0.07436 5.07219 
Error 4 0.05864 0.01466  
Total 5 0.13299   
Prob>F     
0.08744     
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 PCB101
 Linear Fit of Data11231Q3D_CT
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.02275 0.05726 0.00904 0.07587 0.00682 
1493.48334 0.01404 0.06267 0.00315 0.07566 0.00261 
3734.35667 0.00867 0.06944 0.00108 0.07982 9.41003E-4 
9337.51277 0.00535 0.07728 3.70335E-4 0.08626 3.31785E-4 
23347.83539 0.0033 0.08617 1.26548E-4 0.09434 1.15589E-4 
58379.72389 0.00204 0.09619 4.31979E-5 0.10388 3.99981E-5 
145974.65266 0.00126 0.10743 1.47365E-5 0.11486 1.37834E-5 
365000 7.76673E-4 0.12004 5.02513E-6 0.12735 4.73682E-6 
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Aluminized Paint (AP) Leach Rate Extrapolation Results 
 
Linear Fit to Log(Y) = A + B * Log(X) 
for AP at 25 deg-C 
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 tPCBs
 Linear Fit of DATA51100E4B_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.8245 0.39408 2.09219 0.05835 
B -0.57148 0.18928 -3.01926 0.01068 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.65705 0.43171 0.38435 0.51978 14 
Parameter LCI UCI   
A -0.03414 1.68313   
B -0.98388 -0.15908   
ANOVA Table:     
 Degrees of  Sum of  Mean  



Item Freedom Squares Square F Statistic 
Model 1 2.46285 2.46285 9.11593 
Error 12 3.24203 0.27017  
Total 13 5.70488   
Prob>F     
0.01068     
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 tPCBs
 Linear Fit of DATA51100E4B_BY
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.78741 1.24357 0.49858 2.017 0.3074 
1493.48334 0.66151 1.1786 0.37128 1.8067 0.2422 
3734.35667 0.55573 1.12508 0.2745 1.64175 0.18812 
9337.51277 0.46687 1.07817 0.20216 1.5091 0.14444 
23347.83539 0.39222 1.03562 0.14854 1.39978 0.1099 
58379.72389 0.3295 0.99621 0.10898 1.30764 0.08303 
145974.65266 0.27681 0.95925 0.07988 1.22841 0.06238 
365000 0.23255 0.92431 0.05851 1.15909 0.04666 
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 Cl5
 Linear Fit of DATA51100E4B_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.86565 0.78059 1.10897 0.30408 
B -0.57035 0.36965 -1.54295 0.16675 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.50377 0.25379 0.14718 0.4311 9 
Parameter LCI UCI   
A -0.98014 2.71145   
B -1.44442 0.30373   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.44245 0.44245 2.38068 
Error 7 1.30094 0.18585  
Total 8 1.74339   
Prob>F     
0.16675     
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 Cl5
 Linear Fit of DATA51100E4B_CD
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.50913 0.72499 0.35754 0.90285 0.2871 
1493.48334 0.43605 0.72455 0.26242 0.85988 0.22112 
3734.35667 0.37345 0.72843 0.19146 0.83611 0.1668 
9337.51277 0.31985 0.73417 0.13934 0.82317 0.12428 
23347.83539 0.27393 0.74091 0.10128 0.81667 0.09188 
58379.72389 0.23461 0.74825 0.07356 0.81426 0.0676 
145974.65266 0.20093 0.75602 0.0534 0.81457 0.04957 
365000 0.17209 0.7641 0.03876 0.81679 0.03626 
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 Cl4
 Linear Fit of Data51100E4B_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A 0.14484 0.26464 0.54733 0.59508 
B -0.49601 0.12248 -4.04963 0.00192 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.77365 0.59853 0.56204 0.23327 13 
Parameter LCI UCI   
A -0.43762 0.72731   
B -0.7656 -0.22643   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.89235 0.89235 16.39947 
Error 11 0.59854 0.05441  
Total 12 1.49089   
Prob>F     
0.00192     
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 Cl4
 Linear Fit of Data51100E4B_CC
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.05859 0.10004 0.03431 0.21447 0.01601 
1493.48334 0.03719 0.0784 0.01764 0.15047 0.00919 
3734.35667 0.0236 0.0625 0.00891 0.10918 0.0051 
9337.51277 0.01498 0.05021 0.00447 0.08129 0.00276 
23347.83539 0.00951 0.04048 0.00223 0.06169 0.00147 
58379.72389 0.00604 0.03272 0.00111 0.04748 7.67233E-4 
145974.65266 0.00383 0.02648 5.54265E-4 0.03693 3.97355E-4 
365000 0.00243 0.02145 2.75663E-4 0.02896 2.04162E-4
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 PCB87
 Linear Fit of Data51100E4B_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -1.10244 0.08917 -12.36367 2.45954E-4 
B -0.17407 0.04679 -3.72015 0.02047 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.88078 0.77578 0.71972 0.03731 6 
Parameter LCI UCI   
A -1.35001 -0.85487   
B -0.30398 -0.04416   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.01926 0.01926 13.8395 
Error 4 0.00557 0.00139  
Total 5 0.02483   
Prob>F     
0.02047     
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 PCB87
 Linear Fit of Data51100E4B_CS
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.02596 0.03455 0.01951 0.03767 0.01789 
1493.48334 0.02213 0.03301 0.01484 0.03526 0.01389 
3734.35667 0.01887 0.03162 0.01126 0.03332 0.01069 
9337.51277 0.01609 0.03031 0.00854 0.03165 0.00817 
23347.83539 0.01371 0.02907 0.00647 0.03017 0.00623 
58379.72389 0.01169 0.0279 0.0049 0.02881 0.00475 
145974.65266 0.00997 0.02677 0.00371 0.02754 0.00361 
365000 0.0085 0.0257 0.00281 0.02636 0.00274 
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 PCB52
 Linear Fit of DATA51100E4B_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
     
A -0.81293 0.1193 -6.81391 <0.0001 
B -0.24361 0.05522 -4.41169 0.00104 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.79932 0.63891 0.60608 0.10516 13 
Parameter LCI UCI   
A -1.07552 -0.55034   
B -0.36514 -0.12207   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.21524 0.21524 19.46302 
Error 11 0.12165 0.01106  
Total 12 0.33689   
Prob>F     
0.00104     
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 PCB52
 Linear Fit of DATA51100E4B_CP
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.03723 0.04318 0.0321 0.05198 0.02666 
1493.48334 0.03122 0.03834 0.02542 0.04488 0.02172 
3734.35667 0.02618 0.03419 0.02005 0.03909 0.01754 
9337.51277 0.02196 0.03053 0.01579 0.03427 0.01407 
23347.83539 0.01841 0.0273 0.01242 0.03019 0.01123 
58379.72389 0.01544 0.02442 0.00977 0.02669 0.00894 
145974.65266 0.01295 0.02185 0.00768 0.02365 0.00709 
365000 0.01086 0.01955 0.00603 0.02101 0.00562 
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 PCB49
 Linear Fit of Data51100E4B_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.59664 0.10348 -5.76599 0.02879 
B -0.65642 0.06356 -10.32676 0.00925 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.99075 0.98159 0.97239 0.06417 4 
Parameter LCI UCI   
A -1.04186 -0.15142   
B -0.92991 -0.38292   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.43916 0.43916 106.6419 
Error 2 0.00824 0.00412  
Total 3 0.44739   
Prob>F     
0.00925     
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 PCB49
 Linear Fit of Data51100E4B_CO
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.00381 0.0088 0.00165 0.0109 0.00133 
1493.48334 0.00209 0.0061 7.14448E-4 0.00727 6.00183E-4 
3734.35667 0.00114 0.00426 3.07488E-4 0.00493 2.65792E-4 
9337.51277 6.2695E-4 0.00298 1.31956E-4 0.00337 1.16486E-4 
23347.83539 3.43533E-4 0.00209 5.65305E-5 0.00233 5.07067E-5 
58379.72389 1.88237E-4 0.00146 2.41913E-5 0.00161 2.19715E-5 
145974.65266 1.03143E-4 0.00103 1.03445E-5 0.00112 9.48955E-6 
365000 5.65166E-5 7.2247E-4 4.42112E-6 7.81169E-4 4.08891E-6
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 PCB44
 Linear Fit of Data51100E4B_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -0.89169 0.17919 -4.97629 0.00762 
B -0.31476 0.08191 -3.84292 0.01841 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.88706 0.78687 0.73359 0.09049 6 
Parameter LCI UCI   
A -1.3892 -0.39419   
B -0.54216 -0.08735   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.12092 0.12092 14.768 
Error 4 0.03275 0.00819  
Total 5 0.15368   
Prob>F     
0.01841     
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 PCB44
 Linear Fit of Data51100E4B_CN
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.01716 0.0258 0.01141 0.03483 0.00845 
1493.48334 0.01286 0.02321 0.00713 0.02939 0.00563 
3734.35667 0.00964 0.02115 0.00439 0.02557 0.00363 
9337.51277 0.00722 0.01937 0.00269 0.02267 0.0023 
23347.83539 0.00541 0.01779 0.00165 0.02033 0.00144 
58379.72389 0.00406 0.01636 0.00101 0.01836 8.95917E-4 
145974.65266 0.00304 0.01507 6.13265E-4 0.01667 5.54168E-4 
365000 0.00228 0.01388 3.73884E-4 0.01519 3.41589E-4
 











 



 
 



A-164



PCB105 
 



0 100 200 300 400 500
1E-3



0.01



0.1



1
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB105
 Linear Fit of Data51100E4B_CU
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
 
Parameter Value Error t-Value Prob>|t| 
A -1.33832 0.11701 -11.43728 0.00756 
B -0.19137 0.06195 -3.08902 0.09076 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.90924 0.82672 0.74008 0.04842 4 
Parameter LCI UCI   
A -1.84179 -0.83485   
B -0.45793 0.07519   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.02237 0.02237 9.54207 
Error 2 0.00469 0.00234  
Total 3 0.02706   
Prob>F     
0.09076     
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 PCB105
 Linear Fit of Data51100E4B_CU
 Upper 95% Confidence Limit
 Lower 95% Confidence Limit
 Upper 95% Prediction Limit
 Lower 95% Prediction Limit



 
Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.0135 0.02505 0.00728 0.02953 0.00617 
1493.48334 0.01133 0.02647 0.00485 0.03003 0.00427 
3734.35667 0.00951 0.02814 0.00321 0.03114 0.0029 
9337.51277 0.00798 0.03 0.00212 0.03264 0.00195 
23347.83539 0.00669 0.03203 0.0014 0.03442 0.0013 
58379.72389 0.00562 0.03423 9.21914E-4 0.03644 8.65984E-4 
145974.65266 0.00471 0.0366 6.07091E-4 0.03869 5.74378E-4 
365000 0.00396 0.03915 3.99615E-4 0.04115 3.80256E-4
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Parameter Value Error t-Value Prob>|t| 
A -0.66416 0.18951 -3.50463 0.01275 
B -0.29445 0.09245 -3.18513 0.01895 
R R-Square(COD) Adj. R-Square Root-MSE(SD) N 
-0.7927 0.62837 0.56643 0.09714 8 
Parameter LCI UCI   
A -1.12787 -0.20045   
B -0.52066 -0.06825   
ANOVA Table:     
 Degrees of  Sum of  Mean  
Item Freedom Squares Square F Statistic 
Model 1 0.09573 0.09573 10.14506 
Error 6 0.05662 0.00944  
Total 7 0.15234   



Prob>F     
0.01895     
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Time (days) Curve Fit 95% UCI 95% LCI 95% UPI 95% LPI 
597.28962 0.03299 0.05126 0.02123 0.06661 0.01634 
1493.48334 0.02519 0.04746 0.01337 0.05818 0.0109 
3734.35667 0.01923 0.04425 0.00836 0.05212 0.0071 
9337.51277 0.01468 0.04138 0.00521 0.04739 0.00455 
23347.83539 0.01121 0.03875 0.00324 0.04349 0.00289 
58379.72389 0.00856 0.03632 0.00202 0.04015 0.00182 
145974.65266 0.00653 0.03407 0.00125 0.03721 0.00115 
365000 0.00499 0.03196 7.78769E-4 0.03459 7.19641E-4 
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APPENDIX B: MISCELLANEOUS LABORATORY OPERATIONS, 



METHODS, AND STANDARD OPERATING PROCEDURES 
 
Standard Operating Procedure for Preparation of Artificial Seawater (ASW) 
 
 
Reference:  ASTM E 1367-92, page 737. (Result is ASW with pH of 8.0 +/- 0.2 and a salinity of 
34 +/- 0.5). 
 
I. Preparing the doubly distilled deionized water (2XDW) water 



1. Clean glassware (e.g. 20L carboys, volumetric flasks, stirring rods, filter tubes, etc.) 
using MicroR-90 (International Products Corporation). Rinse multiple times (3X) with 
doubly distilled deionized water (2XDW), dry overnight in a dedicated 100oC 
vacuum oven, and store in a dust-free environment.. 



2. Rinse a clean 20 L glass carboy thoroughly with 2XDW.  Repeat this step 2-3 times 
to ensure no particulate matter is present.  



3. Using a clean 2 L volumetric flask, add 18 L of 2XDW water to carboy and cover 
with aluminum foil. 



4. Fill the 2 L volumetric flask once more with 2XDW water, cover and save for rinsing 
and salt solution preparation in step II below. 



5. Add a magnetic stir bar to carboy and place on heating plate.  Start stirrer and heat on 
warm. 



 
II. Adding the Inorganic Seawater Salts to the 2XDW 



1. Put on lab coat, safety goggles, and gloves.  For safety precautions regarding 
chemicals used, refer to MSDS from supplier. 



2. Each chemical is added using its own designated spatula and plastic beaker in 
amounts that are listed in the table below.  If the amount is small enough, weighing 
paper is substituted for the plastic beaker.  



3. Weigh out the correct amount of NaF according to the reference table below.  
Carefully add NaF to carboy.  Using a 10 mL pipette, rinse the plastic beaker (or 
weighing paper) into the carboy with 2XDW.  Cover carboy with aluminum foil. 



4. Repeat step 3 for the next 8 chemicals in the reference, being sure to add in order 
from top to bottom.  Allow enough time between additions for the salt to dissolve. 



5. Using the 2XDW water you saved in I, place ~1L of 2XDW into a 1 L round bottom 
flask.  Place the round bottom flask on a heating plate with a magnetic stirrer.  Weigh 
out 400 mg of Na2SiO3*9H2O onto weighing paper and slowly add it to the warm 
water with stirring. Rinse the residual salt on the weighing paper into the flask as 
well.  Cover with aluminum foil and stir to allow salt to dissolve (may take one to 
three days). 



6. Save the left over 2XDW water for rinsing in a later step. 
7. Once the Na2SiO3*9H2O has dissolved, slowly add the solution to the 20 L carboy.  



Use the remaining 2XDW water from step 6 to rinse the 1 L round bottom flask and 
add this rinsate to carboy. 



8. Follow steps 2 through 3 for the final chemical (NaHCO3).  Cover carboy with 
aluminum foil.   



9. Continue heating ASW on low heat and stir until all the chemicals have dissolved 
(approximately 1 full day).   
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10. Remove from heat and continue to stir slowly until cool. 
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Chemical Amount 



NaF 60 mg 
SrCl2*6H2O 400 mg 



H3BO3 600 mg 
KBr 2000 mg 
KCl 14000 mg 



CaCl2*2H2O 29.40 g 
Na2SO4 80.00 g 



MgCl2*6H2O 215.60 g 
NaCl 470.00 g 



Na2SiO3*9H2O 400 mg 
NaHCO3 4000 mg 



 
III. Filtering 



1. Once ASW has cooled to room temperature, place a frit medium frit assembly 
(sparging tube) into carboy containing the ASW.  Pump through the medium frit tube 
into a clean 20L carboy for room temperature use or a precleaned amber glass 
container for longer term storage. ASW for low temperature experiments must be 
chilled prior to use and may be stored in a 4oC refrigerator in precleaned, EPA-
certified sample jars with Teflon caps. 



2. Collect a 1L filtered sample for QA/QC measurement. 
 
IV. Cleanup 



1. When empty, rinse the ASW preparation carboy thoroughly with 2XDW. 
2. Carboy may be used to prepare another batch immediately or cleaned using and 



stored for future use. 
 



V. Logging 
1. Record the weights of each chemical, their date and time added to carboy during 



preparation into lab notebook. 
2. Transpose data into the electronic ASW master file as soon as possible. 











 



 
 



B-4



 
Standard Operating Procedure for Artificial Seawater (ASW) pH and Salinity Analysis 
 
Reference:  LabComp, Inc, Operations Manual; Model SCTpH Monitor/Logger 
 
I. Calibration 



1. Calibrate the Monitor/Logger, model SCTpH, using the protocol in the Operations 
Manual.   



2. Use a standard conductance solution, 0.5 M KCl, to calibrate the conductance. 
 
II. Probe Storage 



1. The pH probe is kept in a 3.8 M solution of KCl when not in use.   
2. Store the Temperature/Conductance (T/C) probe in a dry, dust-free container.   



 
III. Analysis Preparation 



1. The T/C probe is placed in a clean 250 mL Erlenmeyer flask filled with 2XDW water.   
2. The water is then heated in order to dissolve any salt crystals that may have been left on 



the probe.  Leave on heat for about 30 minutes.   
3. The T/C probe is then rinsed with clean 2XDW water, and wiped dry using clean 



Kimwipes. 
4. The pH probe is rinsed thoroughly with 2XDW water, then wiped dry with a clean 



Kimwipe. 
5. Rinse a dedicated 250 mL polypropylene centrifuge bottle with 2XDW water.   
6. Fill with the seawater to be analyzed (~ 240 mL).   
7. Allow bottle to sit in room temperature water bath until equilibrium, approximately 10 



minutes for near-room temperature samples. (If measuring low temperature seawater 
samples, allow them extra time in the water bath to come to room temperature before 
performing the measurements). 



 
IV. Conducting Readings and Measurements 



1. Once seawater has reached equilibrium room temperature, place the pH probe and T/C 
probe into the seawater.   



2. Center the probe, being careful not to allow the probes to touch the sides of the bottle.  
Probes should be kept as close to the center of the bottle as possible using ring stands and 
clamps.  The T/C probe should be dipped in and out of the sample a few times and 
shaken gently while in the sample if needed to dislodge any air bubbles from the core of 
the probe.  



3. Start timer for 5 minutes. 
4. Once timer goes off, record pH, Temperature, and Conductance in specified section of 



lab notebook. 
5. Rinse both probes thoroughly with clean 2XDW water and dry thoroughly with a clean 



Kimwipe between readings.  Refer to section II for probe storage. 
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Standard Operating Procedure for PCB Leachate Handling and Sampling 
 
Leachate is defined as artificial seawater (ASW) that has come into contact with a solid that 
contains PCBs (termed PCBs in solid materials or PCBs-ISM) and has potentially leached PCBs 
from that solid. PCBs-ISM may include solid or semi-solid pure Aroclor standards used as 
positive controls (commercial PCB mixtures), in addition to solids such as polymers and plastics 
or other host solid materials.  
 
Goal. Adequately describe leachate sampling, logging, storage, bottle changing, equipment 
cleaning, and general leachate handling operations.  
 



I. Safety Precautions 
1. Lab coat, nitrile gloves, and safety glasses should be worn at all times 



when handling PCB leachate or materials with potential of being 
contaminated with PCBs. 



2. Read the MSDS for Polychlorinated Biphenyls and Aroclor mixtures. 
3. If any personal protective equipment (PPE) comes in contact with 



potential PCB-containing materials, remove the PPE immediately and 
dispose of it properly. Replace with clean new PPE before continued 
PCB/leachate operations.  



 
II. Logistics 



1. All leachate operations should be logged with time, date, bottle and 
leachate identification numbers, user initials, and vessel tare weight in the 
appropriate section of the sampling logbook that has been designated for 
Quantitative Analysis sampling, Immunoassay (PCB-Screening) sampling, 
or leaching vessel (bottle) changing.   



2. The bottles and vials used are amber, EPA-certified precleaned bottles 
with Teflon cap liners. 



3. A Quantitative Analysis sample is collected at regularly timed intervals. 
Additional sampling may be require when concentrations are considered 
elevated by PCB-screening analysis.  



4. Even when no analytical sampling is necessary, a leaching vessel/bottle 
change is performed weekly, on or about every seventh day to minimize 
any sorption effects onto the inner walls of the leaching vessel, with an 
effort to consistently perform the bottle change at the same time of day. 
The leaching vessel/bottle is a 1L precleaned EPA-certified amber glass 
bottle identical to the 950mL analytical sample bottles. 



 
III. Quantitative Analysis Sampling with Leaching Vessel/Bottle Change 



1. Quantitative Analysis sampling for ambient pressure experiments involves 
removal of all of the ASW leachate from the leaching vessel by carefully 
decanting it from the leaching vessel into a new labeled, tared leachate sample 
bottle for quantitative analysis.  In this way, the caged sample remains wet but 
not submerged.  



2. The caged shipboard solid is quickly grasped and transferred to a new labeled, 
tared leaching vessel/bottle using large stainless forceps that were previously 
rinsed with HPLC-grade methanol, wiped with Kimwipes, and air-dried for 
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several minutes. Make every attempt to minimize physical contact with the 
sample cage and thus minimize any PCB transfer to the forceps (or nitrile 
gloves, should you be forced to aid in the transfer with your gloved hand).  



3. The new, tared leaching vessel/bottle containing the caged solid is then 
replenished with ~930mL of clean, fresh ASW (the actual volume recorded is 
specific to the maximum amount possible for that caged solid experiment, 
dictated by the caged solid volume displacement). 



a. For experiments run at 25oC, the fresh ASW is stored at room 
temperature and allowed to equilibrate to the water bath temperature 
for approximately 10 minutes before being added to the leaching 
vessel. 



b. For experiments run at low temperature (4°C), the solvent is stored 
in the refrigerator overnight at 4°C before being added to the 
leaching vessel.   



c. Replenish the sample with fresh ASW, measured using a clean 1-
liter graduated cylinder, and slowly pour the ASW into the new 
leaching vessel, to slowly submerge the sample. 



d. Swirl or tap the closed leaching bottle on the counter to displace air 
bubbles trapped around the source material, ensuring that the source 
material is wetted. Do not shake the leaching vessel or air from 
above the liquid will become trapped in the sample cage, and will 
need to be dislodged. 



e. The ID numbers, time of transfer, volume of transfer (by mass), 
volume of replenishment, and personnel initials are logged into 
the Quantitative Analysis Sampling section of the logbook. 



f. The new leachate bottle is then returned to the water bath or the 
refrigerator to continue leaching. 



g. The forceps are rinsed thoroughly with HPLC-grade methanol and 
wiped off with Kimwipes between uses. They are stored in a vial of 
clean HPLC-grade methanol when not in use. 



4. Storing & Shipping 
a. Samples of leachate that were decanted in step 1 are weighed, 



logged in log book, and placed in a 4oC refrigerator to await 
shipment for analytical chemistry analysis. 



b. Samples stored at 4oC are shipped overnight on wet ice to be 
extracted within 7 days of sampling. 



c. Enclose a manifest/chain of custody form with the shipment and 
keep a copy on file.  



d. Inform recipient. Communicate shipment details by email or 
phone/fax.  



 
IV. Leaching Vessel/Bottle Changes Without Quantitative Sample Collection 



1. Perform leaching vessel/bottle changing without quantitative analysis 
sampling by generally following the outline in III above, but with the 
following deviations: 



a. Instead of decanting into a sample bottle, directly decant leachate 
into the new leaching vessel/bottle to continue using the same 
ASW leachate. No clean new ASW leachate is required. 
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b. Transfer the caged solid to the new leaching vessel as described 
above, but it will be placed into the old ASW leachate, rather than 
into an empty leaching vessel followed by clean ASW.  



2. Leaching Vessel/Bottle changes are required weekly whether or not 
quantitative analysis sampling is done. This minimizes PCB sorption onto 
the inner walls of the leaching vessel.  



 
V. PCB Screening (Immunoassay) Sample Collection 



1. Immunoassay aliquots (2mL) are subsamples of the Quantitative Analysis 
sample bottle collected prior to refrigerated storage.   



2. Disposable glass pipettes are precleaned with HPLC grade methanol twice 
and allowed to dry or are dried with clean, dry air. Store pipettes cleaned in 
this manner in a dry dust-free environment. 



3. Prior to sampling, rinse a precleaned disposable pipette with HPLC grade 
methanol twice and dispense as waste. Shake it dry or allow the pipette to 
dry prior to rinsing with clean ASW.  



4. Pipette ~2mL of the Quantitative Analysis sample into a certified pre-
cleaned, labeled and tared amber vial with Teflon septum. (Make sure the 
Quantitave Analysis sample was weighed prior to this step for future mass 
balance purposes. See Storing/Shipping section above.) 



5. Log the sample ID number(s), time of transfer, and personnel initials into 
the Immunoassay Sampling section of the logbook. 



6. The Immunoassay vial and Quantitative Analysis sample bottle are then 
placed in the refrigerator for storage. 
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Summary: Method Detection Limits 



 
The U.S. Environmental Protection Agency defines the method detection limit (MDL) to 



be “the minimum concentration of a substance that can be measured and reported with 99 
percent confidence that the analyte concentration is greater than zero.”[1] This procedure 
consists of preparing and analyzing seven aliquots of a standard spiked at three to five times the 
expected MDL. The MDL is defined as approximately three times the standard deviation of the 
mean value for the seven analyses. The Arthur D. Little Environmental Monitoring and Analysis 
laboratory (ADL) calculated sample-specific method detection limits (sometimes referred to as 
minimum detection limits) by adjusting the MDL for sample-specific preparation factors such as 
sample mass extracted, percent solid content, and dilution factors. It was the sample-specific 
MDL that was reported in the electronic data deliverables submitted to the Navy for the organic 
compound results.  



Sample-specific MRLs calculated for each sample were based on the concentration of the 
lowest level calibration standard adjusted for all sample preparation factors. ADL’s MRL was 
consistent with a practical quantitation limit (PQL). The MRL is considered to be the value at 
which the results can be accurately quantitated. Results reported at concentrations less than the 
MRL (and thus less than the lowest calibration standard) were qualified with a “J” by the 
laboratory to indicate that the result was an estimated value. In general, on a compound-by-
compound basis, the MRLs were normally 3 to 10 times greater than the MDL. 
 The fundamental difference between detection limits and quantitation/reporting limits is 
that detection limits are considered the lowest concentration that can be accurately detected by 
the method, whereas, quantitation limit is considered the lowest concentration that can be 
accurately quantitated by the method. Thus, results reported at concentrations below the 
quantitation/reporting limit were considered to be estimated values and qualified with a “J”. 
Often, the quantitation limit is set at the concentration equal to the concentration of the lowest 
level calibration standard. For example, within a Contract Laboratory Program (CLP) type 
Statement of Work for Organics, the contract required quantitation limit (CRQL) is equal to the 
lowest level calibration standard adjusted for sample preparation factors. 



For the PCB-LRS project, any compound confirmed to be present in the sample (e.g., 
mass spectrum meets identification criteria) was reported as a positive result regardless of the 
result concentration. All results detected at concentrations below the sample-specific MRL were 
qualified with a “J” flag by the laboratory. These results were considered to be estimated values 
due to uncertainty in quantitation below the calibrated range of the instrument. Occasionally, 
there were also positive results reported at concentrations below the MDL when the compound 
identification criteria were met. If a compound was not detected or did not meet the compound 
identification criteria, the compound was reported as a nondetect (ND). In electronic data 
deliverables, the nondetect values were reported with a value of zero and a “ND” qualifier. It was 
left to the judgment of the PCB-LRS Principal Investigator to determine the best value to be used 
for nondetects based on specific data analysis needs. 
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Summary: Quality Assurance and Quality Control 



 
A number of quality assurance (QA) measures were added to the processing of samples 



to monitor quality control (QC) and to aid in the assessment of the usability of the data with 
respect to the project objectives. An important part of this was the evaluation of specific QA/QC 
samples for accuracy, precision, and potential contamination. The method summaries in the 
performance-based contract project-specific work plan and reproduced in this report contain 
details of the quality control samples required for each analytical method. The data quality 
analyses and Data Quality Objectives (DQO) for the PCB analysis methods are summarized in 
the Table below.. 



Each lot of solvent received at the ADL laboratory was tested by the applicable analytical 
method to determine potential solvent contamination prior to use. Preparation of analytical 
standards in analytical grade solvents is described in the relevant laboratory SOP. Prior to 
spiking the samples with surrogate, matrix spike, and/or internal standard solutions, all standard 
solutions were analyzed to determine accuracy of preparation and potential contamination. 



Instruments were calibrated prior to sample analysis by analyzing standard solutions 
containing the target and surrogate compounds at different concentration levels spanning the 
concentration range of interest. The linearity of the instrument over the selected concentration 
range was also checked. A continuing calibration standard was analyzed regularly to check the 
stability of the instrument response and the compound retention times. If the variability of either 
the initial calibration or the daily calibration did not meet the criteria set in the project-specific 
work plan, a new calibration was run and the affected samples reanalyzed. 



To assess the accuracy of the calibration standards, an independent reference material 
(IRM) was analyzed. Instrument calibration was considered acceptable if the reported 
concentrations of the compounds in the IRMs were within 15 percent of the target concentrations 
for GC-ECD analysis, and within 20% for GCMS-SIM. 



Standard Reference Materials (SRMs) were obtained from National Institute of Standards 
and Technology (NIST) and are samples that have been repetitively analyzed to determine 
certified values. SRMs were used to assess the effect of the sample processing procedures and 
matrix on method accuracy. 



A procedural blank was processed and analyzed with each sample preparation batch in 
order to monitor potential contamination resulting from laboratory solvents, reagents, glassware, 
and processing procedures. These procedural blanks are for evaluating the analytical laboratory 
methods. They are different from the leaching experiment procedural blanks described 
previously (in the subsample preparation section), for which leachate samples were collected and 
analyzed as typical seawater leachate samples, to determine potential contamination during 
laboratory leaching operations.  



Blank spikes and blank spike duplicates were prepared by spiking representative target 
compounds into a blank matrix to assess the effect of the sample processing procedure 
independent of sample matrix effects on method accuracy and precision. Duplicates samples 
were prepared by extracting and analyzing a second representative aliquot of sample. 
Comparisons of the original and duplicate sample results were used to assess the effect of the 
sample processing procedures and sample matrix effects on method precision. A surrogate is a 
known compound, which is not present in environmental samples, that is added to a sample prior 
to processing. The chemical properties of the surrogate compounds must be close to the target 
compounds. The surrogate was measured to assess the sample preparation efficiency and impacts 
of sample handling. Surrogates may also be used to adjust the target compound concentrations to 
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correct for loss during sample preparation (surrogate correction). Surrogates were added to all 
samples prior to preparation. 



Target compound concentrations, surrogate and matrix spike recoveries, and additional 
QC sample results were determined. After careful checking and review, analysts transferred data 
electronically from the instrument data systems to ADLs data management software for further 
data review, qualification, and edits. All data summary forms were generated from the data 
management software and were compared with the instrument quantitation reports for accuracy. 
The data summaries were arranged in spreadsheet format. 



The chemistry data for each analysis were reduced and reviewed by ADL laboratory staff 
and then assembled into the final laboratory data package. The assembled package was reviewed 
and validated by the facility supervisor or staff responsible for each analysis. The data were 
checked to ensure that data quality objectives were met, that the analyses met the project 
objectives, and that the data were traceable and defensible. The Project Manager also reviewed 
the data for compliance with the documented procedures and quality objectives. Data were also 
reviewed for internal consistency and against expected or known values. All final laboratory data 
packages and the associated electronic data deliverables were audited by the Quality Assurance 
Manager or data review specialists according to the procedures outlined in ADLs data auditing 
SOP. 



As previously mentioned, all results detected at concentrations below the sample-specific 
minimum reporting limit (MRL) are qualified with a “J” by the laboratory. These results are 
considered to be estimated values due to uncertainty in quantitation below the calibrated range of 
the instrument and due to increased variability at concentrations near the method detection limit 
(MDL).  



 



Data quality objectives and criteria for PCB congeners, homologs, and Aroclors by GC/MS SIM, PCB 
Congeners by GC/ECD. 



Element or Sample Type Minimum Frequency Data Quality Objective/Acceptance 
Criteria 



Initial Calibration Prior to every batch sequence. 5-point curve. %RSD <25% for 90% of 
analytes and <35% for all analytes. 



Continuing Calibration Must end analytical sequence and every 
12 samples or 18 hours, whichever is 
more frequent. 



%D <25% for 90% of analytes and <35% 
for all analytes. 



Procedural Blank Every batch/every 20 field samples. No more than 2 analytes to exceed 5x 
PQL unless analyte was not detected in 
associated sample(s) or associated 
sample compound concentrations are 
>10x blank value.  



Blank Spike/Blank Spike 
Duplicate Sample 



Every batch/every 20 field samples. 50-150% recovery, RPD <35%. 



Duplicate Analysis One per 40 field samples. RPD <35% for all analytes that are 
detected at concentrations >10 times the 
MDL; mean RPD <35%. 



Matrix Spike, Matrix Spike 
Duplicate Sample 



Every batch/every 20 field samples. 45-150% recovery, RPD <35%. 



Surrogate Standards Every sample. 45%-125%: all surrogates, one is allowed 
out 



IRMs (SRM specified per batch) One set per batch of samples after every 
ICAL. 



Values <20% (<15% for GC-ECD) 
difference of true value for all certified 
analytes. 
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Summary: Sample Custody Procedures 



 
Sample custody control was maintained at each laboratory through the use of several tracking 



systems designed to protect sample integrity. The sample custodian initiated laboratory chain of 
custody documentation when the sample was relinquished by the courier. Samples were 
inspected to ensure that: 



 
• minimum sample volumes were received, 
• appropriate containers and preservatives were used, 
• acceptable sample conditions were maintained (e.g., temperature, no breakage), and 
• samples were received within allowed shipping time (e.g., next-day air). 



Immediately upon receipt by the analytical laboratory, the sample custodian assessed and 
documented the conditions of the samples and initiated sample login. The contents of each 
shipping container were checked against the information on the chain of custody forms. 
Temperature blank samples were checked to verify that samples were maintained within 
specified temperature ranges. If anomalies were noted in the chain of custody form, the ADL 
Project Manager was informed. Any samples that were improperly preserved were noted on the 
chain of custody form and SSC-SD personnel) were notified immediately. The SSC-SD 
personnel and ADL Project Manager then determined the necessary corrective action. The 
laboratory assigned an internal unique identifier to each sample, or used the sample identification 
number assigned in the field with the container number and project name to track individual 
sample containers so that the sample would not be confused with samples from another project. 



The field chain of custody document was completed and maintained in the project file. While 
within the laboratory, the sample was held in appropriate storage areas to maintain sample 
integrity. Upon completion of the analysis, any remaining sample was placed into long-term 
storage. When sample analysis and all quality control checks were completed and a final data 
report was issued, the unused sample portion and/or extract was stored up to six months or 
longer if requested by the SSC SD Principal Investigator. Samples were sent to SSC-SD for 
archiving if requested and were not disposed of without the written permission of the SSC-SD 
Principal Investigator. Sample disposal was then documented in the project file. 
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Arthur D. Little (ADL) Sample Preparation and Analysis Method Summaries 
 
 
Sample Preparation Procedure of Water Samples for PCB Analyses 
 
Water samples were extracted for semivolatile organic compounds per Arthur D Little’s (ADLs) 
Standard Operating Procedure (SOP) ADL-2824, "Extraction of Semivolatile Hydrocarbons and 
PCBs/Pesticides from Water Samples".  This method is similar to EPA SW-846 Method 3510B, 
Separatory Funnel Liquid-Liquid Extraction.  With every sample preparation batch the following 
quality control samples were prepared:  procedural blank (PB), blank spike (BS), and blank spike 
duplicate (BSD).  Each environmental and quality control sample was transferred to a separatory 
funnel and spiked with polychlorinated biphenyl (PCB) surrogate solutions prior to the first 
addition of the extraction solvent.  The concentration of the surrogate compounds spiked into the 
samples was determined based on the expected contamination level in the samples.  For this 
project, all surrogates were spiked at low levels in the water samples.  In addition to the 
surrogate solution, the BS and BSD quality control samples were spiked with a subset of the 
target PCB compounds. 
 
Organic compounds were extracted from the water samples using the organic solvent 
dichloromethane.  For each sample, a 120-mL aliquot of solvent was added to the separatory 
funnel and the separatory funnel was sealed and shaken vigorously for 1-2 minutes.  The organic 
layer was allowed to separate from the water phase and then was drained into a flask.  This 
extraction procedure was repeated two more times with fresh aliquots of solvent.  The 3 solvent 
extracts per sample were combined and water was removed from the combined extract by adding 
approximately 75 g of sodium sulfate.  All extracts were concentrated to approximately 1 mL, 
using Kuderna-Danish (KD) concentrators and nitrogen evaporation.  Extracts were split into 
archive and working volumes.  The working extract volume was exchanged into hexane for PCB 
analyses.  
 
 
Sample Preparation Procedure of Shipboard Solid Samples for PCB Analyses 
 
Shipboard solid samples were extracted for semivolatile organic compounds (SVOCs) per ADLs 
SOP ADL-2819.04, “Extraction of Polychlorinated Biphenyls and Chlorinated Pesticides from 
Sediment or Shoreline Soil Samples.” The solids were thoroughly cut or ground up into small 
pieces and returned to the original sample container for chemical analysis. Approximately 75 
grams of sodium sulfate was mixed into each sample, followed by the addition of 100 mL of 
50:50 dichloromethane/acetone.  Each environmental and quality control sample was spiked with 
PCB surrogate solution prior to the first addition of the extraction solvent.  The QC samples that 
were processed along with the samples included one procedural blank (PB), one blank spike 
(BS), and one blank spike duplicate (BSD).  The concentration of the surrogate compounds 
spiked into the samples was determined based on the expected contamination level in the 
samples.  For this project, all surrogates were spiked at high levels in the shipboard solid 
samples.  In addition to the surrogate solution, the BS, BSD, quality control samples were spiked 
with a subset of the target PCB compounds.   
 
Organic compounds were extracted from the sediment samples using a 50:50 mixture of the 
organic solvents dichloromethane and acetone.  For each sample, a 100-mL aliquot of solvent 
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was added to the original sample container and placed on an orbital shaker for 12 hours.  The 
samples were centrifuged and the organic solvent layer was decanted into a flask.  This 
extraction procedure was repeated two more times with fresh aliquots of solvent and shaking for 
a shorter period of time.  The 3 solvent extracts per sample were combined and water was 
removed from the combined extract by adding approximately 75 g of sodium sulfate.  Alumina 
column cleanups were performed on the sample extracts to remove potential contamination that 
would interfere with sample analysis.  All extracts were concentrated to approximately 1 mL, 
using KD concentrators and nitrogen evaporation.  Extracts were split into archive and working 
volumes.  The working extract volume was then exchanged into hexane for PCB analyses. 
 
 
PCB Congeners, Homologues, and Aroclors by Gas Chromatography/Mass Spectrometry in the 
Selected Ion Monitoring Mode  
 
Water and Shipboard Solid extracts were analyzed for PCB congeners, homologues, and 
Aroclors per ADLs SOP ADL-2845, “Determination of PCBs by Gas Chromatography/Mass 
Spectrometry in the Selected Ion Monitoring Mode.”  ADLs PCB analysis method is a modified 
version of EPA’s Method 680.  The target PCB congeners, homologues, and Aroclors are 
tabulated below.  The GC/MS was operated in SIM mode to obtain the desired sensitivity that is 
comparable to that of a GC equipped with an ECD.  The GC/MS was first tuned with PFTBA to 
verify accurate mass assignment and to maximize the sensitivity of the instrument in the mass 
range of interest (100 to 300 atomic mass units).  After tuning, an initial calibration was 
performed which consisted of five calibration standards, at different concentration levels, 
spanning the concentration range of interest.  Average response factors for each target compound 
and surrogate are calculated from the initial calibration standards relative to the internal standard 
compounds added to the sample extracts just prior to instrumental analysis.  Continuing 
calibration standards, at a mid-range concentration level, were analyzed every 16 hours or after 
every 10 sample analyses, whichever was more frequent, to monitor sensitivity and linearity of 
the GC/MS.  Sample analyses were performed only after acceptable calibration analyses were 
obtained.  The average response factors generated from the initial calibration were used to 
calculate the concentrations of target compounds and surrogates in the environmental and quality 
control samples.  The recoveries of the surrogate compounds spiked into the sample prior to 
extraction were used to assess sample-specific extraction efficiency.  The target compound 
concentrations were adjusted based on sample-specific surrogate recoveries to correct for 
differences in extraction efficiency.  
 
 
PCB Congeners by Gas Chromatography/Electron Capture Detector  
 
Shipboard Solid extracts were analyzed for PCB congeners per ADLs SOP ADL-2818, 
“Determination of Chlorinated Pesticides and PCB Congeners by Gas Chromatography/Electron 
Capture Detection.”  ADLs PCB congener analysis method is a modified version of EPA’s SW-
846 Method 8081 using dual, dissimilar columns and dual detectors.  A Restek RTX-5 column 
(or equivalent) was used as the primary column and a DB-17 column (or equivalent) was used as 
the confirmation column.  The target PCB congeners are listed in Table 2.  Prior to sample 
analysis, an initial calibration was performed which consisted of five calibration standards, at 
different concentration levels ranging from 1 to 200 ng/mL.  Average calibration factors for each 
target compound and surrogate are calculated from the initial calibration standards (external 
standardization).  Continuing calibration standards, at a mid-range concentration level, were 
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analyzed at the end of each analytical sequence and every 16hours or every 10 sample analyses, 
whichever was more frequent, to monitor sensitivity, retention time stability, and linearity of the 
GC/ECD.  Sample analyses were performed only after acceptable calibration analyses were 
obtained.  The average calibration factors generated from the initial calibration were used to 
calculate the concentrations of target compounds and surrogates in the environmental and quality 
control samples.  When coelution occurred between one or more target compounds or when 
interference occurred on the primary column, the results were reported from the confirmation 
column for the affected compounds.  Compound identification was based on 1) detecting a peak 
within the established retention time window for a specific compound on both the primary and 
confirmation columns and 2) the analyst’s judgment.   The recoveries of the surrogate 
compounds spiked into the sample prior to extraction were used to assess sample-specific 
extraction efficiency.  The target compound concentrations were adjusted based on sample-
specific surrogate recoveries to correct for differences in extraction efficiency.  
 
 
Sample Receipt 
 
Water samples and shipboard solid samples were collected by SPAWAR. The samples were 
transported to the laboratory at appropriate temperatures and under strict chain-of-custody 
procedures.  Arthur D. Little received the study samples intact and in good condition.  A listing 
of the project samples, copies of the chains-of-custody, sample results, and quality 
assurance/quality control (QA/QC) results are included in the ADL data reports.    
 
 
Quality Assurance/Quality Control 
 
Quality Assurance 
For this project, sample processing was conducted in accordance with the laboratory’s Quality 
Assurance Plan (QAP).  The plan describes the laboratory’s quality assurance (QA) structure and 
organization.  The following is a general description of some of the plan elements as they apply 
to this project.  Exceptions to the quality control elements are documented and filed with the 
appropriate laboratory report. 
 
Laboratory Records 
Detailed laboratory records were maintained throughout the processing of samples.  All raw 
instrumental data are archived electronically.  Completed records or copies of forms were 
collated into a binder as a final data package with sufficient detail for audit.  The final laboratory 
data package includes: 
 
• Lot numbers, vendor, and preparation records for reagents and standards 
• Sample preparation records 
• Analytical procedures used that are not documented in laboratory SOPs 
• Instrument analysis records 
• Instrument raw data hardcopy 
• Documentation of observations or deviations encountered 
 
Quality Control 
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A number of measures were added to the processing of samples to monitor quality control (QC) 
and to aid in the assessment of the usability of the data with respect to the project objectives.  An 
important part of this was the evaluation of specific QC samples for accuracy, precision, and 
potential contamination.  The method summaries included in this report and the project-specific 
work plan contain details of the quality control samples required for each analytical method. 
 
Data quality analyses and Data Quality Objectives (DQOs) for the PAH and PCB analysis 
methods are summarized in Tables below.  The following is a general description of quality 
control samples and their relevance. 
 
Solvent Checks 
Each lot of solvent received at the laboratory was tested by the applicable analytical method to 
determine potential solvent contamination prior to use. 
 
Standard Checks 
Preparation of analytical standards is described in the relevant laboratory SOP.  Prior to spiking 
the samples with surrogate, matrix spike, and/or internal standard solutions, all standard 
solutions are analyzed to determine accuracy of preparation and potential contamination.   
 
Instrument Calibration 
Instruments were calibrated prior to sample analysis by analyzing standard solutions of 
containing the target and surrogate compounds at different concentration levels spanning the 
concentration range of interest.  The linearity of the instrument over the selected concentration 
range was checked.  A continuing calibration standard was analyzed regularly to check the 
stability of the instrument response and the compound retention times.  If the variability of either 
the initial calibration or the daily calibration did not meet the criteria set in the project-specific 
work plan, a new calibration was run and the affected samples reanalyzed. 
 
Instrumental Standard Reference Material (IRM) 
To assess the accuracy of the calibration standards, an independent reference material (IRM) was 
analyzed.  Instrument calibration was considered acceptable if the reported concentrations of the 
compounds in the IRMs were within 15 percent of the target concentrations (for PAH analysis 
only). 
 
Standard Reference Material (SRM) 
Standard Reference Materials (SRMs) were obtained from National Institute of Standards and 
Technology (NIST) and are contaminated environmental samples that have been repetitively 
analyzed to determine certified values.  For this project tissue and sediment SRMs were prepared 
and analyzed with the tissue and sediment samples.  SRMs are used to assess the effect of the 
sample processing procedures and matrix on method accuracy. 
 
Oil Reference Standard 
A solution of an assayed crude oil was analyzed with each analytical sequence.  The results were 
compared to previously established laboratory means to assess method accuracy.  The solution is 
also used to provide pattern information and aid in sample fingerprinting (for PAH analysis 
only). 
 
Procedural Blank 
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A procedural blank was processed and analyzed with each sample preparation batch in order to 
monitor potential contamination resulting from laboratory solvents, reagents, glassware, and 
processing procedures. 
 
Blank Spike 
Blank spikes and blank spike duplicates were prepared by spiking representative target 
compounds into a blank matrix to assess the effect of the sample processing procedure 
independent of sample matrix effects on method accuracy and precision. 
 
Duplicate 
Duplicates samples were prepared by extracting and analyzing a second representative aliquot of 
a sample.  Comparisons of the original and duplicate sample results were used to assess the 
effect of the sample processing procedures and sample matrix effects on method precision. 
 
Surrogate 
A surrogate is a known compound, which is not present in environmental samples, that is added 
to a sample prior to processing.  The chemical properties of the surrogate compounds must be 
close to the target compounds.  The surrogate was measured to assess the sample preparation 
efficiency and impacts of sample handling.  Surrogates may also be used to adjust the target 
compound concentrations to correct for loss during sample preparation (surrogate correction).  
Surrogates were added to all samples prior to preparation. 
 
Data Review and Audit 
Target compound concentrations, surrogate and matrix spike recoveries, and additional QC 
sample results were determined in the respective laboratories.  After careful checking and 
review, analysts transferred data electronically from the instrument data systems to ADLs data 
management software for further data review, qualification, and edits.  All data summary forms 
were generated from the data management software and were compared with the instrument 
quantitation reports for accuracy.  The data summaries were arranged in spreadsheet format. 
 
The chemistry data for each analysis were reduced and reviewed by the laboratory staff and then 
assembled into the final laboratory data package.  The assembled package was reviewed and 
validated by the facility supervisor or staff responsible for each analysis.  The data were checked 
to ensure that data quality objectives were met, that the analyses met the project objectives, and 
that the data were traceable and defensible.  The Project Manager also reviewed the data for 
compliance with the documented procedures and quality objectives.  Data were also reviewed for 
internal consistency and against expected or known values.  All final laboratory data packages 
and the associated electronic data deliverables were audited by the Quality Assurance Manager 
or data review specialists according to the procedures outlined in ADLs data auditing SOP. 
 
Data Usability 
No serious data quality issues were noted that would adversely affect the quality or use of these 
data.  All reported data are usable for project objectives.   
 
All results detected at concentrations below the sample-specific minimum reporting limit (MRL) 
are qualified with a “J” by the laboratory.  These results are considered to be estimated values 
due to uncertainty in quantitation below the calibrated range of the instrument and due to 
increased variability at concentrations near the method detection limit (MDL).  If these data were 
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validated according to EPA guidelines, additional sample results would have been qualified as 
estimated (J) due to minor quality control exceedances. 
 
Data Quality Objectives and Criteria for PCB Congeners, Homologues, and Aroclors by GC/MS 
SIM: 
 



Element or Sample 
Type 



Minimum Frequency Data Quality Objective/ 
Acceptance Criteria 



Initial Calibration Prior to every batch 
sequence. 



5-point curve.  %RSD 
<25% for 90% of analytes 
and <35% for all analytes. 
 



Continuing Calibration Must end analytical 
sequence and every 10 
samples or 16 hours, 
whichever is more frequent. 



%D <25% for 90% of 
analytes and  <35% for all 
analytes. 
 



Procedural Blank Every batch/every 20 field 
samples. 



No more than 2 analytes to 
exceed 5x PQL unless 
analyte was not detected in 
associated sample(s) or 
associated sample 
compound concentrations 
are  >10x blank value.  
 



Blank Spike/Blank 
Spike Duplicate 
Sample 
 



Every batch/every 20 field 
samples. 



50-150% recovery, RPD 
<35%. 
 



SRMs (SRM 1941a for 
sediment, 1974a for 
tissue) 



Every batch/every 20 field 
samples. 



Values ±35% difference of 
true value for all certified 
analytes, two may exceed. 
 



Duplicate Analysis One per 40 field samples. RPD < 35% for all analytes 
that are detected at 
concentrations >10 times 
the MDL; mean RPD <35%. 
 



Matrix Spike, Matrix 
Spike Duplicate 
Sample 



Every batch/every 20 field 
samples. 



45-150% recovery, RPD 
<35%. 
 
 



Surrogate Standards Every sample.  
 
45%-125% all surrogates, 



one is allowed out 
 



IRMs 
 



One set per batch of samples 
after every ICAL. 



Values <20% difference of 
true value for all certified 
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analytes. 
 



Data Quality Objectives and Criteria for PCB Congeners by GC/ECD: 
 



Element or Sample 
Type 



Minimum Frequency Data Quality Objective/ 
Acceptance Criteria 



Initial Calibration Prior to every batch 
sequence. 



5-point curve.  %RSD 
<25% for 90% of analytes 
and <35% for all analytes. 
 



Continuing Calibration Must end analytical 
sequence and every 10 
samples or 16 hours, 
whichever is more frequent. 



%D <25% for 90% of 
analytes and <35% for all 
analytes. 
 



Procedural Blank Every batch/every 20 field 
samples. 



No more than 2 analytes to 
exceed 5x PQL unless 
analyte was not detected in 
associated sample(s) or 
associated sample 
compound concentrations 
are  >10x blank value.  
 



Blank Spike/Blank 
Spike Duplicate 
Sample 
 



Every batch/every 20 field 
samples. 



50-150% recovery, RPD 
<35%. 
 



SRMs (SRM 1941a for 
sediment, 1974a for 
tissue) 



Every batch/every 20 field 
samples. 



Values ±35% difference of 
true value for all certified 
analytes, two may exceed. 
 



Duplicate Analysis One per 40 field samples. RPD < 35% for all analytes 
that are detected at 
concentrations >10 times 
the MDL; mean RPD <35%. 
 



Matrix Spike, Matrix 
Spike Duplicate 
Sample 



Every batch/every 20 field 
samples. 



45-150% recovery, RPD 
<35%. 
 
 



Surrogate Standards Every sample. 45%-125% all surrogates, one 
is allowed out 
 



IRMs 
 



One set per batch of samples 
after every ICAL. 



Values <15% difference of 
true value for all certified 
analytes GC-ECD. 
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1. The EPA procedure used for establishing MDLs is described in Appendix B to Part 136 
“Definition and Procedure for the Determination of the Method Detection Limit - Revision 
1.11,” 40 CFR 136, 1986. 
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Arthur D. Little (ADL) Standard Operating Procedure 2845 (SOP ADL-2845): Determination of 
PCBs by Gas Chromatography/Mass Spectrometry in the Selected Ion Monitoring Mode  
 
 
The following is excerpted in its entirety from SOP ADL-2845 and correspons to the SOP in use when 
the PCB Leach Rate Study (PCB-LRS) was initiated in 1999. Wherever appropriate, the PCB-LRS-
specific Data Quality Objectives supercede the following SOP, which should be considered a general 
guide for laboratory personnel only.  
 
 
1. Purpose 
This standard operating procedure (SOP) describes the method used for analyzing prepared 
sample extracts for polychlorinated biphenyls (PCBs) by gas chromatography/mass spectrometry 
(GC/MS) in the select ion monitoring mode (SIM). 
2. Application 
This SOP applies to the analysis of PCB congeners in water, sediment, biological tissue and oil 
sample extracts. The target analytes listed in Table 1 are determined in the concentration range of 
parts per trillion (ng/L) for water samples, parts per billion (ng/g) for sediment and tissue samples, 
and parts per million (mg/Kg) for oil samples. However, the target analyte list is not limited to 
those listed in Table 1. This method of analysis can be used for other PCB congeners which can 
be resolved using the chromatographic conditions provided in this SOP. Samples with any PCB 
concentration can be analyzed by this SOP if the appropriate extract dilutions and/or splits are 
made to bring the extract concentrations within the working range of the calibration standards. 
Prepare extracts for analysis by GC/MS SIM according to the appropriate sample extraction and 
fractionation/cleanup procedures as noted in the case specific workplan or specific QA Plan. 
Base concentrations on the amount of analyte per volume (ng/L) for water samples, per dry weight 
(ng/g) for sediment and tissue samples, and per oil weight (mg/Kg) for oil samples. Operate 
instruments at maximum sensitivity to achieve the desired method detection limits (MDL) and 
minimum reporting limit (MRL). Reporting limits for individual PCB compounds are based on a 
low calibration standard 25 ng/mL, sample size, PIV, and any required dilution. 
3. References 
Federal Register (1984), Vol. 49, and No. 209: pp 198-199 
United States Environmental Protection Agency (U.S. EPA). 1985. Test Methods for 
Determination of Pesticides and PCBs in Water and Soil/Sediment by Gas Chromatography/ 
Mass Spectroscopy, Method 680, Physical and Chemical Methods Branch, Environmental 
Monitoring and Support Laboratory Office of Research and Development, U.S. Environmental 
Protection Agency, Cincinnati, Ohio 
4. Associated SOPs 
Refer to the latest revision of the appropriate SOP when necessary. 
ADL-2814 Standards Preparation and Ampoule Sealing. 
ADL-2819 Extraction of Polychlorinated Biphenyls (PCBs) and Chlorinated 
Pesticides from Sediment or Shoreline Soil Samples. 
ADL-2820 Extraction of Polychlorinated Biphenyls (PCBs) and Chlorinated 
Pesticides from Water Samples. 
ADL-2821 Fractionation/Cleanup of Sample Extracts for PCB and 
Chlorinated Pesticide Analyses. 
ADL-2831 Extraction of Polychlorinated Biphenyls (PCBs) and Chlorinated Pesticides from 
Biological Tissue Samples 
ADL-5035 Procedure for Cleaning an Hewlett-Packard GC/MS Source 
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ADL-5036 Procedure for Injection Port Maintenance for the HP5890A Gas Chromatograph 
in the GC/MS Facility 
ADL-5037 Procedure for Column Replacement in the Hewlett-Packard GC/MS System 
ADL-5038 Procedure for Tuning the Hewlett Packard MSD within the GC/MS Facility 
5. Supplies and Equipment 
5.1 Glassware 
Glass vials - GC autosampler vials with micro inserts and Teflon lined caps 
Syringes - 10 uL and larger 
Pipets - glass, disposable 
5.2 Reagents and Standards 
5.2.1 Reagents 
Acetone, methanol, methylene chloride, and hexane residue analysis grade or equivalent. 
5.2.2 Standards 
Prepare all standard solutions according to SOP ADL-2814. 
5.2.2.1 Stock Standard Solutions. Stock standard solution may be purchased or prepared 
using the following procedure. Purchased certified standards are recommended. 
Prepare stock standard solutions by accurately weighing about 0.0100 g of pure material. 
Dissolve the material in methylene chloride or another suitable solvent and dilute to volume in a 
10mL volumetric flask. Larger volumes may be used at the convenience of the analyst. 
Fresh stock standards must be prepared once every twelve months or sooner if standards have 
degraded or concentrated. Stock standards must be checked for signs of degradation or 
concentration just prior to preparing secondary dilution and working standards from them. 
5.2.2.2 Secondary Dilution Standards. Using stock standards, prepare secondary dilution 
standards in methylene chloride that contain the compounds of interest either singly or mixed 
together. Purchased secondary dilution standards are recommended. 
Fresh secondary dilution standards must be prepared once every twelve months or sooner if 
standards have degraded or concentrated. Secondary dilution standards must be checked for 
signs of degradation or concentration just prior to preparing working standards from them. 
5.2.2.3 Working Standards 
Surrogate Standard Spiking Solution Prepare surrogate compound solutions and add to each 
sample and quality control sample prior to extraction as described in the extraction SOPs. The 
surrogate solution contains 4,4'-dibromooctafluorobiphenyl (DBOFB) and PCB congeners 103 
and 198. Although the sample extract concentrations are calculated versus the internal standard, 
target analyte concentrations may be corrected for surrogate recovery of PCB. 
Matrix Spiking Solution. With each batch of samples, analyze matrix spike (MS) and matrix 
spike duplicate (MSD) quality control samples. Spike these quality control samples with a matrix 
spike solution containing PCB congeners listed in the respective extraction SOPs. 
Internal Standard Solution. Add an internal standard solution containing tetrachloro-m-xylene 
(TCMX) to the extracts just prior to instrumental analysis. Prepare the internal standard solution 
by weighing an appropriate amount of the purified compound into a volumetric flask and diluting to 
volume with hexane or iso-octane. Use the internal standard to determine the relative recovery of 
the surrogate compounds. If there is need to dilute and reanalyze the extract in order to bring 
analytes with very high concentrations within the calibration range, additional TCMX must be 
added. 
Initial and Continuing Calibration Solutions. Prepare a stock solution for each PCB congener. 
From this stock solution, prepare three to six calibration solutions (refer to QA Plan) of different 
concentrations (5-500 ng/mL). The lower end of the calibration range is limited by the sensitivity 
of the GC/MS and should be established such that analytes at the target method detection limit 
(MDL) respond within the calibration range. If low part-per-billion detection limits are not 
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required, the lower end of the calibration range may be raised to 25 or 50 ng/mL. The upper end 
of the calibration range is limited by the GC/MS response. Samples with analyte concentrations 
that produce responses outside this calibration range should be diluted until analyte responses fall 
within the range. The surrogate compounds vary with concentration, while the internal standard 
concentration remains constant at 500 ng/mL in all calibration standards. You can adjust the 
calibration standards to meet instrumental sensitivity requirements (ie., the low standard should 
produce approximately a 5-to-1 signal-to-noise ratio). 
5.2.3 Ampulated Standard Extracts 
Standard solutions purchased from a chemical supply house as ampulated extracts in glass vials 
may be retained for 2 years from the preparation date, unless the manufacturer recommends a 
shorter time period. Standard solutions prepared by the laboratory which are immediately 
ampulated in glass vials may be retained for 2 years from the preparation date. Upon breaking the 
glass seal, the expiration times listed apply. 
5.2.4 Storage of Standard Solutions 
Store the stock and secondary dilution standard solutions at less than 4 °C but not greater than 6 
°C in Teflon-lined screw-cap amber bottles. Fresh standards should be prepared every twelve 
months at a minimum. 
Store the working standards at less than 4 °C but not greater than 6 °C in Teflon-sealed 
containers. The solution should be checked frequently for stability. These solutions must be 
replaced after twelve months or sooner if comparison with quality control check samples indicates 
a problem. 
Protect all standards from light. Samples, sample extracts and standards must be stored 
separately. 
6. Procedure 
6.1 Preparation of Sample Extracts for Instrumental Analysis 
Prepare samples and sample extracts according to appropriate SOPs and/or project specific 
workplan. Extracts are concentrated to the determined final volume prior to spiking with internal 
standard. The extracts are submitted at a pre-injection volume (PIV) of .25 mL unless stated 
otherwise in the case specific workplan. The recovery internal standard is spiked at 500 ng/mL 
(concentration - accounting for changes in final volume) unless stated otherwise in the case specific 
workplan. 
6.2 Instrument Conditions 
The GC/MS system is a Hewlett Packard 5970 MSD interfaced to an HP5890 GC with an 
HP7673A autosampler or a Hewlett Packard 5973 MSD interfaced to an HP6890 GC with an 
HP7683A autosampler. Attachment 1 contains details of the instrument acquisition parameters. 
6.2.1 Gas Chromatograph 
The following are the gas chromatographic analytical conditions. 
• Initial Column Temperature Hold 75 °C for 2 minutes 
• Column Temperature Program 75-150 °C at 15 C°/minutes 
150-300 °C at 1.2 C°/minutes 
• Final Column Temperature Hold 300 °C for 1 minute 
• Injector Temperature 250 °C 
• Transfer Line Temperature 280 °C 
• Source Temperature According to manufacturer's specifications 
• Injector splitless 
• Sample Volume 2 µL 
• Carrier Gas Helium at 1 mL/min 
The column used is a 30 m x .25 mm ID x .25 µm film thickness with RTX-5 (Restek) bonded 
phase, or equivalent. 
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Prior to each analysis, perform injection port maintenance per SOP ADL-5036. The liner used is 
a 4mm liner without glass wool. Optimize GC conditions for analyte separation and sensitivity. 
Once optimized, the same GC conditions must be used for the analysis of all standards, samples, 
blanks, matrix spikes and matrix spike duplicates. 
6.2.2 Mass Spectrometer 
The following are the required mass spectrometer analytical conditions: 
Electron Energy 70 volts (nominal) 
Mass Range 35 to 500 amu 
Scan Time Not to exceed 1 second per scan 
6.2.2.1 Selected Ion Mode Ions and Windows. The mass spectrometer scans for the quant 
ions and confirmation ions listed in Table 3 for the time required for each compound to elute. Refer 
to Attachment 1 for the group and dwell times. 
6.3 GC/MS Mass Calibration (Tuning) and Ion Abundance 
6.3.1 Summary of GC/MS Instrument Performance Check 
Prior to analysis, tune the instrument per SOP ADL-5038. This procedure utilizes 
perfluorotributylamine (PFTBA) to tune the mass spectrometer and maximize the sensitivity of the 
instrument. 
6.3.2 Frequency of GC/MS Instrument Performance Check 
The instrument performance check solution must be analyzed once at the beginning of each 
analytical sequence. 
6.3.3 Procedure for GC/MS Instrument Performance Check 
The procedure for tuning the mass spectrometer is described in SOP ADL-5038. 
6.3.4 Technical Acceptance Criteria for GC/MS Instrument Performance Check 
The technical acceptance criteria for tuning the mass spectrometer is as follows: 
Mass 69 100%; response greater than 100,000 area counts 
Mass 219 40-65% of mass 69 
Mass 502 4-12% of mass 69 
6.3.5 Corrective Action for GC/MS Instrument Performance Check 
If the acceptance criteria are not met, check the GC and MS and retry tuning. Continued failure 
may necessitate other action, the most likely being the cleaning of the ion source. Other actions 
may also be required such as changing the column, cleaning quadrupoles, or cleaning the GC 
system. 
6.4 Initial Calibration 
6.4.1 Summary of Initial Calibration 
Prior to the analysis of samples and required blanks, and after the instrument performance check 
solution criteria have been met, calibrate the GC/MS system at a minimum of five concentrations to 
determine instrument sensitivity and the linearity of GC/MS response for the target compounds. 
6.4.2 Frequency of Initial Calibration 
The GC/MS system must be calibrated at the beginning of each analytical sequence and as 
indicated by the evaluation of the continuing calibration standard. 
6.4.3 Procedure for Initial Calibration 
All standard/spiking solutions and blanks must be allowed to warm to ambient temperature 
(approximately 1 hour) before preparation or analysis. 
Prepare three to six calibration standards containing all the target and surrogate compounds at the 
following concentrations: 5, 25, 50, 100, 200, and 500 ng/mL. The internal standard compounds 
should be at a level of 500 ng/mL 
NOTE: It is permissible, if necessary, to adjust the calibration levels to meet instrumental sensitivity 
requirements. For example, the low standard should yield approximately a 5-to-1 signal-to-noise 
ratio. If it does not, the concentration may either be lowered or raised to meet these requirements. 
Analyze each calibration standard by injecting 1 µL. 
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6.4.4 Calculations for Initial Calibration 
Calculate the relative response factors (RRF) for each target and surrogate compound using 
Equation 1 and the primary characteristic ions found in Table 3. For internal standards, use the 
primary ion listed in Table 3 unless an interference is present. If an interference prevents the use of 
the primary ion for TCMX, use the secondary ion(s) listed in Table 3. 
NOTE: Unless otherwise stated, the area response of the primary characteristic ion is the 
quantitation ion. 
Equation 1 
 
 



 
 
Where, 
Ax = Area of the characteristic ion for the compound to be measured (see Table 3) 
Ais= Area of the characteristic ion for specific internal standard (see Table 3) 
Cis= Amount of the internal standard injected (ng) 
Cx = Amount of the compound to be measured injected (ng) 
The mean relative response factor (RRF) must be calculated for all compounds. Calculate the % 
Relative Standard Deviation (%RSD) of the RRF values for the initial calibration using the 
following equation: 
Equation 2 
 



 
 
Where, 
xi = each individual value used to calculate the mean 
x = the mean of n values 
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n = the total number of values 
6.4.5 Technical Acceptance Criteria for Initial Calibration 
Acceptance criteria apply only to target compounds and surrogates. 
All initial calibration standards must be analyzed at the concentration levels and frequency 
described above (6.4.2 and 6.4.3). 
The %RSD over the initial calibration range for relative response factor for target and surrogate 
compounds must be less than or equal to the 35% for all compounds. In additional, the %RSD 
over the initial calibration range for each target and surrogate compound must be less than or equal 
to the 25% for 90% of all compounds. 
If these criteria are met, the RRF is assumed to be constant over the working range and the 
average RRF may be used for quantiation. 
No quantitation ion may saturate the detector. Consult the manufacturer's instrument manual to 
determine how saturation is indicated. 
6.4.6 Corrective Action for Initial Calibration 
If any technical acceptance criteria for initial calibration are not met, inspect the system for 
problems. It may be necessary to clean the ion source, change the column, or take other 
corrective actions to achieve the acceptance criteria. 
Initial calibration technical acceptance criteria must be met before any samples, including matrix 
spike/matrix spike duplicates or required blanks are analyzed. Any samples, including matrix 
spike/matrix spike duplicates or required blanks analyzed when initial calibration technical 
acceptance criteria have not been met will require reanalysis. 
6.5 Continuing Calibration 
6.5.1 Summary of Continuing Calibration 
Prior to the analysis of samples, including MS/MSD and required blanks, and after tuning criteria 
and initial calibration criteria have been met, each GC/MS system must be routinely checked by 
analyzing a continuing calibration standard to ensure that the instrument continues to meet the 
instrument sensitivity and linearity requirements. The continuing calibration standard contains all 
target and surrogate compounds and internal standards. 
6.5.2 Frequency of Continuing Calibration 
Each GC/MS calibration used for analysis must be checked once every 14-18-hour time period of 
operation. It must also be checked at the end of the analytical sequence. 
The 18 hour period begins from the time of injection of the continuing calibration check standard. 
This includes that which is contained in the initial calibration. 
6.5.3 Procedure for Continuing Calibration 
All standard/spiking solutions and blanks must be allowed to warm to ambient temperature 
(approximately 1 hour) before preparation or analysis. 
Prepare a calibration check standard containing target analytes and surrogate compounds at a 
concentration of 100 ng/mL. Add internal standards at a concentration of 500 ng/mL. 
Analyze the continuing calibration standard. 
6.5.4 Calculations for Continuing Calibration 
Calculate a relative response factor (RRF) for each target and surrogate compound using Equation 
1 and the primary characteristic ions found in Table 3. For internal standards, use the primary ions 
listed in Table 3 unless interferences are present. If interferences prevent the use of the primary 
ion for a given internal standard, use the secondary ion(s) listed in Table 3. 
Calculate the percent difference between the mean relative response factor from the most recent 
initial calibration and the continuing calibration relative response factor for each target and 
surrogate compound using Equation 3. 
Equation 3 
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Where: 
___ 
RRFi = Mean relative response factor from the most recent initial calibration meeting 
technical acceptance criteria 
RRFc = Relative response factor from continuing calibration standard 
6.5.5 Technical Acceptance Criteria for Continuing Calibration 
Acceptance criteria apply only to target compounds and surrogates. The continuing calibration 
standard must be analyzed at the 100 ng/mL concentration level at the frequency described (6.5.2) 
on a properly tuned GC/MS system meeting the initial calibration technical acceptance criteria. 
The relative response factor percent difference for each target and surrogate compound must be 
35% of the initial calibration average RRF for all compounds. In addition, the relative response 
factor percent difference for each target and surrogate compound must be 25% of the initial 
calibration average RRF for 90% of all compounds. 
No quantitation ion may saturate the detector. Consult the manufacturer's instrument manual to 
determine how saturation is indicated. 
6.5.6 Corrective Action for Continuing Calibration 
If these criteria are not met, corrective action must be taken. If no error is determined, a new 
initial calibration must be analyzed and all samples analyzed since the last valid calibration check 
must be reanalyzed. 
6.6 Sample Analysis by GC/MS 
Sample extracts may be analyzed only after the GC/MS system has met the instrument 
performance check, initial calibration, and continuing calibration requirements. The same 
instrument conditions must be employed for the analysis of samples as were used for calibration. 
The sample extract is concentrated to a predetermined pre-injection volume (PIV). The typical 
PIV for this analysis is .25 mL, although smaller and larger volumes are acceptable. Internal 
standards are added to the extract at a concentration of 500 ng/mL and the extracts are analyzed. 
6.6.1 Sample Dilutions 
If any split or dilution of the extract is made, the split ratio must be taken into account during final 
calculations. 
If the response of any target compound in any sample exceeds the initial calibration range by more 
than 10%, that sample extract must be diluted, the internal standard concentration must be 
readjusted, and the sample extract must be reanalyzed. Guidance in performing dilution and 
exceptions to this requirement are given below. 
Use the results of the original analysis to determine the approximate dilution factor required getting 
the largest analyte peak within the initial calibration range. 
The dilution factor chosen should keep the response of the largest peak for a target compound in 
the upper half of the calibration range of the instrument. 
7. Data Analysis and Calculations 
7.1 Qualitative Identification 
7.1.1 Identification of Target Compounds 
An analyst competent in the interpretation of mass spectra identifies the compounds by comparing 
the sample mass spectrum to the mass spectrum of the standard of the suspected compound. 
Comparison is also made to other reference standards such as the standard reference material 
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standard, and/or other project specific oil samples analyzed. Two criteria must be satisfied to 
verify the identifications: 
1. Elution of the sample analyte within GC retention time windows 
2. Correspondence of the sample analyte and calibration standard component mass spectra 
7.1.1.1 GC Retention Time. For establishing correspondence of the GC retention time (RT), 
the sample component RRT must compare within 0.5 minutes of the standard component. 
The characteristic masses of each analyte of interest must maximize in the same or within one scan 
of each other. The retention time must fall within + 10 s of the retention time of the authentic 
compound or alkyl homologue grouping determined by analysis of reference material. 
7.1.1.2 Mass Spectra. For comparison of standard and sample component mass spectra, 
evaluate the presence of the primary quantiation ion and the confirmation ions of that in the sample 
and the standard. The relative peak heights of the primary ion compared to the confirmation or 
secondary ion masses for parent compounds must fall within 20% percent of the relative intensities 
of these masses in a reference mass spectrum. 
In some instances, a compound that does not meet secondary ion confirmation criteria may still be 
determined to be present in a sample after evaluation. This may occur in the cases where 
interference is present. Supportive data for this determination should include at the minimum the 
presence of the secondary ion even though ratio criteria are not met. Document such 
determinations. 
Ions greater than 10.0 percent in the sample spectrum but not present in the standard spectrum 
must be considered and accounted for by the analyst making the comparison. 
Calculations 
7.1.2 Target Compounds 
Identified target compounds are quantitated by the internal standard method. The internal standard 
used shall be the one assigned to that analyte for quantitation. The EICP area of primary 
characteristic ions of analytes listed is used for quantitation. 
Integration of peak areas may be performed by an automated computer routine or manually. It is 
expected that situations will arise where the automated quantitation procedures in the GC/MS 
software provide inappropriate quantitations. This normally occurs when there is compound coelution, 
baseline noise, or matrix interferences. In these circumstances, perform a manual 
quantitation. Manual quantitations are performed by integrating the area of the quantitation ion of 
the compound. This integration shall only include the area attributable to the specific compound. 
Do not not include baseline background noise. The area integrated shall not extend past the point 
where the sides of the peak intersect with the baseline noise. Manual integration is not to be used 
solely to meet QC criteria, nor is it to be used as a substitute for corrective action on the 
chromatographic system. Any instance of manual integration must be documented. 
The average relative response factor (RRF) from the initial calibration analysis is used to calculate 
the concentration in the sample. Secondary ion quantitation is allowed ONLY when there are 
sample interferences with the primary ion. If secondary ion quantitation is performed, document 
the reason. The area of a secondary ion cannot be used for the area of a primary ion unless a 
relative response factor is calculated using the secondary ion. 
Calculate the concentration in the sample using the relative response factor (RRF) and the 
following equations. 
7.1.2.1 Water 
Equation 5 
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Where, 
Ax = Area of the characteristic ion for the compound to be measured 
Ais = Area of the characteristic ion for the internal standard 
Is = Amount of internal standard injected in nanograms (ng) 
Vo = Volume of water extracted in milliliters (mL) 
RRF = Relative response factor determined from the 12-hour calibration standard 
7.1.2.2 Soil/Sediment 
Equation 6 
 



 
 
Where, 
Ax, Is, Ais are as given for water, above. 
D = 100 - % moisture × 100 
Ws = Dry weight of sample extracted in grams (g) 
RRF= Relative response factor determined from the initial calibration. 
7.1.2.3 Tissue 
Equation 7 
 



 
 
Where, 
Ax, Is, Ais are as given for water, above. 
D = 100 - % moisture × 100 
Ws = Dry weight of sample extracted in grams (g) 
RRF= Relative response factor determined from the initial calibration. 
7.1.2.4 Calculation Versus Surrogate Compounds. There are cases where is s desirable to 
have compound results compensated for the extraction and preparation efficiency. This is 
performed by correcting results for the recovery of the appropriate surrogate. It is recommended 
that this correction be performed after the calculation of sample results as described above. It is 
permissible to perform this correction during the calculation by substituting the surrogate 
compounds for the internal compounds in the calculations. This requires that all initial and 
continuing calibration standards and QC samples by calculated in a similar manner. 
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7.1.3 Minimum Reporting Limit Calculations 
If the compound is not qualitatively identified as described by the criteria above, report the 
compound as “not detected” at the minimum reporting limit (MRL) calculated as follows: 
Equation 8 
 



 
 
Where, 
Cls = Concentration of the low standard 
PIV = Pre-injection volume 
SF = Split factor 
SS = Sample size 
7.1.4 Surrogate Recoveries 
Calculate surrogate standard recovery on all samples, blanks, matrix spikes and matrix spike 
duplicates. Determine if recovery is within limits and report the recovery. 
Calculate the concentrations of the surrogate compounds using the same equations as used for the 
target compounds. Calculate the recovery of each surrogate using the following equation: 
Equation 9 
 



 
 
Where, 
Ax, Is, Ais are as given in equation 6 
SF = Split factor 
RRF = Relative response factor determined from the initial calibration. 
7.1.5 Technical Acceptance Criteria for Sample Analysis 
The laboratory will spike all samples and quality control samples with surrogate compounds that 
include DBOFB, PCB103, and PCB198 prior to extraction. The determination of surrogate 
recoveries will assist in assessing the efficiency of sample preparation and analysis. The sample 
must have an acceptable surrogate recovery. The sample surrogate recovery will be considered 
acceptable if it meets the following requirements: 
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The laboratory will take and document corrective action whenever the surrogate recovery for any 
one or more surrogates is outside the acceptance criteria for sediment, water, tissue and oil 
matrices. 
The samples must be analyzed on a properly tuned GC/MS system meeting initial calibration, 
continuing calibration, and blank technical acceptance criteria. 
The sample must be extracted and analyzed within holding times. 
The sample must have an associated method blank meeting the blank technical acceptance criteria. 
The instrumental response (EICP area) for each of the internal standards must be within the 
inclusive range of -50.0 percent and +100.0 percent of the response of the internal standards in 
the first continuing calibration analysis of the sequence. If internal standard concentrations have 
been adjusted in the sample extract, adjust areas accordingly for evaluation. 
The retention time shift for each of the internal standards must be within 0.50 minutes between the 
sample and the most recent continuing calibration standard analysis. 
No ion may saturate the detector. No target compound area may exceed the upper limit of the 
initial calibration standards. 
7.1.6 Corrective Action 
7.1.6.1 Corrective Action for Sample Analysis. The sample technical acceptance criteria 
must be met before data are reported. Samples contaminated from laboratory sources, or sample 
results submitted not meeting the sample technical acceptance criteria, will require re-extraction 
and/or reanalysis. 
7.1.6.2 Corrective Action for Surrogate Recoveries Which Fail to Meet Their 
Acceptance Criteria. If the surrogate compounds fail to meet their recovery acceptance 
criteria, check calculations, sample preparation logs, the surrogate compound spiking solutions, 
and the instrument operation. If the calculations were incorrect, correct the calculations and verify 
that the surrogate compound recoveries meet their acceptance criteria. 
If the sample preparation logs indicate that the incorrect amount of surrogate compound spiking 
solution was added, then re-extract/reanalyze the sample after adding the correct amount of 
surrogate spiking solution. 
If the surrogate compound spiking solution was improperly prepared, concentrated, or degraded, 
re-prepare solutions and re-extract/reanalyze samples. If the surrogate recoveries were outside 
the lower surrogate acceptance limit and the extract from the sample was cleaned up or 
fractionated, verify that the proper amount was injected on the clean-up column. If insufficient 
sample volume was injected on the clean-up column, the sample must be re-prepared and 
reanalyzed. 
If the instrument malfunctioned, correct the instrument problem and reanalyze the sample extract. 
Verify that the surrogate recoveries meet their acceptance criteria. If the instrument malfunction 
affected the calibrations, recalibrate the instrument before reanalyzing the sample extract. 
If the recoveries of more than one of the surrogates are below 20 percent and the cause is not due 
to dilution, then re-extract and/or reanalyze the sample if possible. Re-extraction and re-analysis is 
sometimes not possible because of limited sample volumes. If there is no sample present to reextract, 
analyze the extract archive (if retained). If none is available, reanalyze the original extract. 
If the upper recovery limit is greatly exceeded (i.e., > 150%R) for only one quantification 
surrogate and the instrument calibration, surrogate standard concentration, etc. are acceptable, it 
can be concluded that an interference specific to the surrogate was present. The presence of this 
type of interference can be confirmed by evaluating the chromatographic peak shapes in ion 
intensities of the surrogate. If it is determined that the surrogate recovery is affected by an 
interfering compound, report the result with an appropriate qualifier. It may be necessary to reextract 
and/or reanalyze the sample to confirm interference. 
If the recoveries of the surrogates are chronically outside acceptable limits, then cease all sample 
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processing and analysis until the cause has been determined and corrected. "Chronically outside 
acceptable limits" is defined as surrogates outside limits for more than 6 samples for 3 consecutive 
batches. 
In cases where it is necessary to confirm a sample matrix effect, take the following corrective 
action steps. 
• Re-extract and reanalyze the sample. 
• If the surrogate compound recoveries meet acceptance criteria in the re-extracted/reanalyzed 
sample, submit data from the re-extraction/reanalysis. 
• If the surrogate compound recoveries fail to meet the acceptance criteria in the reextracted/ 
reanalyzed sample, then report the original analysis. 
7.1.6.3 Corrective Action for Internal Standard Compound Responses Which Fail to 
Meet Their Acceptance Criteria. If the internal standards fail to meet their acceptance criteria, 
check calculations, the internal standard compound spiking solutions, and the instrument operation. 
If the calculations were incorrect, correct the calculations and verify that the internal standard 
response met their acceptance criteria. If the internal standard compound spiking solution was 
improperly prepared, concentrated, or degraded, re-prepare solutions and re-extract/reanalyze 
samples. If the instrument malfunctioned, correct the instrument problem and reanalyze the sample 
extract. If the instrument malfunction affected the calibration, recalibrate the instrument before 
reanalyzing the sample extract. 
In cases where it is necessary to confirm a sample matrix effect, take the following corrective 
action steps. 
• Re-extract and reanalyze the sample. 
• If the internal standard compound recoveries meet acceptance criteria in the reanalyzed sample 
extract, then submit data from the reanalysis. 
If the internal standard compound recoveries fail to meet their acceptance windows in the 
reanalyzed sample extract, then submit data from the original analyses. 
7.1.6.4 Corrective Action for Surrogate Compounds Relative Retention 
Times/Internal Standard Compound Retention Times Outside Acceptance Criteria. 
If the surrogate compounds relative retention times or internal standard compounds retention times 
are not within their acceptance criteria, check the instrument for malfunctions. If the instrument 
malfunctioned, correct the instrument problem and reanalyze the sample extract. If the instrument 
malfunction affected the calibration, recalibrate the instrument before reanalyzing the sample 
extract. 
In cases where it is necessary to confirm a sample matrix effect, take the following corrective 
action steps. 
• Re-extract and reanalyze the sample. 
• If the surrogate compounds relative retention times and internal standard compounds retention 
times are within the acceptance criteria in the reanalyzed sample extract, then report data from 
the reanalysis with the surrogate compounds relative retention times and the internal standard 
compound retention times within the acceptance limits. 
• If the surrogate compounds relative retention times or internal standard compounds retention 
times are outside the acceptance criteria in the reanalyzed sample extract, then submit data the 
original analysis. 
7.1.6.5 Corrective Action for Failure to Meet Instrument Performance Checks and 
Initial and Continuing Calibration. These must be must be completed before the analysis of 
samples. 
8. Quality Assurance/Quality Control 
8.1 Sample Collection and Preservation 
Water samples may be collected in 1 L (or 1 quart) amber glass containers, fitted with screw caps 
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lined with Teflon. If amber containers are not available, the samples should be protected from 
light. Soil samples may be collected in glass containers or closed end tubes (e.g., brass sleeves) in 
sufficient quantity to perform the analysis. 
All samples must be iced or refrigerated at 4 °C from the time of collection until extraction. 
8.2 Procedure for Sample Storage 
Unless project specific requirements stated otherwise, the following procedures are followed. 
The samples must be protected from light and refrigerated at 4 °C from the time of receipt. After 
90 days from receipt, the samples may be disposed of in a manner that complies with all applicable 
regulations. 
The samples must be stored in an atmosphere demonstrated to be free of all potential 
contaminants. 
Sample extracts must be protected from light and stored at less than 4 °C but not greater than 6 
°C until 365 days after receipt. 
Samples, sample extracts, and standards must be stored separately. 
8.3 Holding Times 
Extraction of water samples by continuous liquid-liquid procedures must be started within 7 days 
or sample collection. Extraction of soil/sediment samples must be started within 14 days of 
collection. 
Exceptions for extended holding times may be made for frozen soil, sediment, and tissue samples 
as described in the project specific workplan. 
8.3.1 Extract Holding Times 
Analyze the extracts as soon as possible but within 40 days of extraction. Analysis beyond this 
date and any reanalysis are acceptable if results produce acceptable surrogate recoveries and 
associated QC results are acceptable. 
8.4 Interferences 
Contaminants in solvents, reagents, glassware, and other sample processing hardware may cause 
interferences that lead to discrete artifacts and/or elevated baselines in the ion current profiles. 
Demonstrate that all of these materials are free from interferences under the conditions of the 
analysis by running laboratory reagent blanks. 
Contaminants coextracted from the sample may cause matrix interferences. The extent of matrix 
interferences will vary considerably from source to source, depending upon the nature of the 
environment being sampled. An interference which is unique to this method can arise from the 
presence of a co-eluting compound which contains the quantification mass ion. This results in a 
positive interference to the reported value for the compound of interest. This interference is 
controlled to some degree by acquiring data for a confirmation ion. If the ion ratios between the 
quantification ion and the confirmation ion are not within the specified limits, then interferences may 
be present. 
8.5 Method Blanks 
8.5.1 Summary of Method Blanks 
A method blank is a volume of a clean reference matrix (reagent water for water samples, or 
purified sodium sulfate for soil/sediment samples) that is carried through the entire analytical 
procedure. The volume or weight of the reference matrix must be approximately equal to the 
volume or weight of samples associated with the blank. The purpose of a method blank is to 
determine the levels of contamination associated with the processing and analysis of samples. 
An acceptable procedural blank analysis must not contain any target compound in Table 1 at 
concentrations 5 times greater than MDL. 
8.5.2 Frequency of Method Blanks 
Method blank extraction and analysis must be performed whenever samples are extracted by the 
same procedure and once for the following, whichever is most frequent: 
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For every 20 samples extracted, or with every extraction batch. 
8.5.3 Technical Acceptance Criteria for Method Blank Analysis 
All blanks must be extracted and analyzed at the frequency described above on a GC/MS system 
meeting the initial calibration, and continuing calibration technical acceptance criteria. 
An acceptable procedural blank analysis must not contain any target compound at concentrations 
5 times greater than the MDL. 
The blank must meet the sample acceptance criteria. 
8.5.4 Corrective Action for Method Blanks 
If a procedural blank analysis contains a target compound at a concentration 5 times the MDL, 
address the possible source of the contamination and analyze an acceptable procedural blank 
before continuing sample processing. 
If contamination is the problem, then the source of the contamination must be investigated and 
appropriate corrective measures must be taken and documented before further sample analysis 
proceeds. It is required that interferences caused by contaminants in solvent, reagents, glassware, 
and sample storage and processing hardware that lead to discrete artifacts and/or elevated 
baselines in the GC/MS be eliminated. Samples associated with the contaminated blank must be 
re-extracted and reanalyzed. 
If surrogate recoveries in the method blank do not meet the acceptance criteria, first reanalyze the 
method blank. If the surrogate recoveries do not meet the acceptance criteria after reanalysis, the 
method blank and all samples associated with that method blank must be re-extracted and 
reanalyzed. 
If the method blank does not meet internal standard response requirements, check calculations, the 
internal standard spiking solutions, and the instrument operation. If the calculations were incorrect, 
correct the calculations and verify that the internal standard responses meet their acceptance 
criteria. If the internal standard compound spiking solution was improperly prepared, 
concentrated, or degraded, re-prepare solutions and re-extract/reanalyze samples. If the 
instrument malfunctioned, correct the instrument problem and reanalyze the method blank. If the 
instrument malfunction affected the calibration, recalibrate the instrument before reanalyzing the 
blank. Document the resolution of the problem before proceeding with sample analysis. 
If the method blank does not meet the retention time requirements for internal standards or the 
surrogate, check the instrument for malfunction, and recalibrate. Reanalyze the method blank. 
Sample analyses cannot proceed until the method blank meets these requirements. 
8.6 Matrix Spike/Matrix Spike Duplicate (MS/MSD) 
8.6.1 Summary of MS/MSD 
In order to evaluate the effects of the sample matrix on the methods a mixture of target compounds 
is spiked into two aliquots of a sample and analyzed in accordance with the appropriate method. 
8.6.2 Frequency of MS/MSD Analyses 
Frequency is dictated by the project specific workplan. Typically, a matrix spike and matrix spike 
duplicate are be extracted and analyzed for every 20 field samples of a similar matrix. 
8.6.2.1 Calculations for MS/MSD. Calculate the recovery of each matrix spike compound in 
the matrix spike and matrix spike duplicate and report. Calculate the concentrations of the matrix 
spike compounds using the same equations as used for target compounds (Equations 5, 6, and 7). 
Calculate the recovery of each matrix spike compound as follows: 
Equation 10 
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Where, 
SSR = Spike Sample Result 
SR = Sample Result 
SA = Spike Added 
Calculate the relative percent difference (RPD) of the recoveries of each compound in the matrix 
spike and matrix spike duplicate as follows: 
Equation 11 
 



 
 
Where, 
RPD = Relative Percent Difference 
MSR = Matrix Spike Recovery 
MSDR = Matrix Spike Duplicate Recovery 
SR = Average Spike Recovery 
The vertical bars in the formula above indicate the absolute value of the difference, hence RPD is 
always expressed as a positive value. 
8.6.3 Technical Acceptance Criteria for MS/MSD 
All MS/MSD must be prepared and analyzed at a frequency described above of in the project 
specific workplan. All MS/MSD must be analyzed on a properly tuned GC/MS system meeting 
initial and continuing calibration technical acceptance criteria and the method blank technical 
acceptance criteria. 
The MS/MSD must have an associated method blank meeting the blank technical acceptance 
criteria. 
The MS/MSD must be extracted and analyzed within the contract holding time. 
The retention time shift for each of the internal standards must be within 0.50 minutes between the 
MS/MSD sample and the most recent continuing calibration standard. 
The retention time for the surrogate must be within 0.5 minutes of its retention time in the continuing 
calibration standard. 
The percent recovery for matrix spike compounds is 50–125%, and the relative percent difference 
is ≤ 35%. As these limits are only advisory, no further action by the laboratory is required, 
however, frequent failures to meet the limits for recovery or RPD warrant investigation by the 
laboratory. 
8.6.4 Corrective Action for MS/MSD 
Any MS/MSD that does not meet the acceptance criteria for MS/MSD must be reanalyzed if the 
system can not be demonstrated to have been in control. The blank spike sample may be used to 
evaluate the extraction system. 
8.7 Standard Reference Material 
8.7.1 Summary 
Analyze one sediment SRM (SRM 1941a) and one tissue SRM (SRM 1974a) with each batch of 
sediments and tissues respectively. In addition, analyze an SRM PAH solution (SRM 1493) with 
each sample batch run on the GC/MS system. Report the results of the SRM analyses to the Case 
Leader in spreadsheet or graphical format. Due to the detection limits of this method, only the 
certified analytes are target analytes for SRM 1974a; other analytes are reported if detected. The 
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data quality requirements are outlined in Table 5. 
8.7.2 Frequency 
SRM 1493 is analyzed with every sequence to measure the accuracy and precision of the 
instrumental analysis. The frequency for analyzing the sediment SRM 1941a and tissue SRM 
1974a is dictated by the project specific workplan. Typically the matrix SRMs are extracted and 
analyzed for every 20 field samples of a similar matrix. 
8.7.3 Corrective Action 
If the sediment or tissue SRM results do not meet the QC criteria, report the SRM results to the 
Case Leader and/or Laboratory Manager. The Case Leader/Laboratory Manager will suggest 
appropriate corrective action, as necessary, based on review of the SRM data. 
If the instrument SRM 1493 does not meet the QC criteria outlined in Table 4, a new initial 
calibration needs to be analyzed and a new SRM 1493 evaluated. Prior to analyzing a new 
calibration, a new column or a cleaned source may need to be installed. Consult the Laboratory 
Supervisor/Laboratory Manager for troubleshooting ideas. 
8.8 General Corrective Actions 
In all cases of QC results not meeting acceptance criteria, perform the following: 
• Check the calculations to assure there are no errors 
• Confer with the Facility Supervisor, Laboratory Manager, and/or the Quality Assurance 
Manager 
• Inform the Case Leader or Director In Charge of the QC issue 
• Include a narrative description of the problem encountered and the corrective action taken 
with the data package 
8.9 MS/MSD or BS/BSD corrective action: 
If the matrix spike or blank spike criteria are not met, report the data for the sample, but qualify 
the data as being outside the acceptance criteria of the method. 
8.10 Method Detection Limits 
Determine the actual analytical method detection limits (MDLs) for all target analytes following 
procedures outlined in Federal Register (1984), Vol. 49 No. 209: 198-199 based on each group 
of SOPs (sample extraction, fractionation, and analysis). Repeat this determination at least once 
per year. 
8.11 Documentation 
Enter all information on field and laboratory identifications, surrogate and internal standard spiking 
amounts, extract and fraction weights, sample and extract splits into the GC/MS data system for 
use in reducing raw data into quantification reports containing concentration values for the target 
analytes. Transfer these preliminary quantification reports to the database for further manipulation 
and presentation. 
9. Reporting 
9.1 Reporting Units 
Report units in ng/L for water samples, ng/g (dry weight) for sediment and tissue samples, and 
mg/Kg for oil samples. Report units in ng/mL for SRM 1493. 
9.2 Minimum Reporting Limits 
Reporting limits for PCB congeners are 10 ng/L for water (2-L) samples, 10 ng/g for sediment 
samples, and 10 ng/g for tissues. Alternatively, the reporting limits may be based on the low 
standard (refer to Equation 8). 
9.3 Reporting Results 
Record the amount of internal standards added to the sample extracts in the laboratory notebook 
and use to calculate surrogate recoveries. Create a report that contains the results of the PCB 
congener analysis and appropriate data qualifiers. Report all PCB results with concentrations 
above the instrument detection limits (IDLs) of the GC/MS SIM. Also include in the report, the 
recoveries of the surrogate compounds, total extract weight, and any fraction weights determined 
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according to the extraction and fractionation SOPs. Report data to two (2) significant figures. 
9.3.1 Matrix Spike/Blank Spike Results 
Report the percent recoveries of the target analytes spiked into the matrix spike (or blank spike) 
samples with each batch of samples. 
9.3.2 SRM Results 
Report the results of SRMs 1941a and 1974a on a ng/g dry weight basis. Report the results of 
SRM 1493 as ng/mL of solution analyzed. 
10. Proficiency Measure 
Conduct training for this SOP concurrently with training for the extraction SOPs (e.g., ADL-2823) 
and the fractionation/clean up SOPs (ADL-2821 and ADL-2826). A trained GC/MS operator 
should have a working knowledge of the hardware and software requirements and techniques in 
operating the GC and MS and accompanying data system. Analysts without training in this 
procedure and/or the GC/MS system must work under the supervision of the Laboratory Manager 
or his/her designee. Analysts may work independently once they have successfully completed the 
following tasks: 
• Tune the mass spectrometer 
• Prepare autosampler for analysis 
• Conduct GC/MS analysis for both full-scan and SIM acquisition 
• Properly identify and integrate target PAH compounds and alkyl homologue patterns 
• Demonstrate understanding of sample calculations 
• Reduce raw data into quantification reports and ASCII text files 
• Perform cleaning and electronic maintenance of the gas chromatograph and mass spectrometer 
that include cleaning the source, changing injection port liners, and changing the 
chromatographic column. 
Record the successful completion of this training in the trainee's personal file. 
11. Safety 
Instruct and inform the analyst in the safety considerations in using this method, including the 
following: 
• The location and use of eyewashes, emergency showers, fire extinguishers, fire blankets, and 
first aid kits. 
The proper handling and disposal of organic solvents, acids, and other reagents necessary to 
the procedure. 
• The proper handling of gas tanks and syringes. 
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Arthur D. Little (ADL) Standard Data Qualifiers (Flags). 
 
 Where applicable, the following data qualifiers were used to flag all analytical data throughout 
the PCB leach rate study.  
 
Qualifier Definition/Meaning 
J Concentration above zero and below the minimum reporting limit (MRL). 
E Estimated result exceeds highest level calibration response by greater than 10%. 
D Concentration reported from dilution analysis. 
B Result detected in the associated procedural blank and sample result is than 5 times the result found



in the procedural blank. 
I Estimated result due to interference. 
RE Result reported from a re-analysis for which there was an original result reported. 
& Quality control result exceeds quality control criteria as specified in the laboratory work plan. 
&I Quality control result exceeds quality control criteria as specified in the laboratory work plan AND 



Estimated result due to interference. 
E& Estimated result exceeds highest level calibration response by greater than 10% AND Quality control 



result exceeds quality control criteria as specified in the laboratory work plan. 
JB Concentration above zero and below the minimum reporting limit (MRL) AND Result detected in the 



associated procedural blank and sample result is than 5 times the result found in the procedural blank.
JD Concentration above zero and below the minimum reporting limit (MRL) AND Concentration reported 



from dilution analysis. 
ND Non-detect 
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APPENDIX C: SAMPLE-SPECIFIC DATA AND ANALYTICAL DATA QUALITY, ANALYTICAL LABORATORY 



QA/QC, AND LEACHING EXPERIMENT QA/QC 
 
 See the Experimental Details section for complete descriptive experimental details corresponding to the results tabulated in this Appendix.  
 
Analytical Results, Detection Limits, Quantitation Limits, and Data Reduction 
 
 The tabulated data below correspond to sample-specific concentrations, minimum detection limits and minimum reporting limits (practical 
quantitation limits), and reduction of concentration data into PCB mass for all samples associated with each leaching experiment. The analytical 
results are cross-referenced with sample delivery group (SDG) number for batch-specific data in the QA/QC sections subsequent to this section. 
Flags are included in these tables, for which a listing of data qualifiers (flags) and meanings is included at the end of APPENDIX B. Raw 
concentration values less than the MDL were considered non-detected (ND) and reported as zero and not included in subsequent data treatment as 
discussed in the report text. Raw concentration values less than the MRL (PQL) were identified in the sample but the reported value is considered an 
estimate, below the lowest calibration standard in the analysis.  The data reported below are surrogate-corrected to adjust for sample-specific 
extraction efficiencies. Rare exceptions to this occur when all three surrogate analyses were zero (ND) or consistently did not meet QA/QC data 
quality objectives. This occurred most often because a dilution was required and surrogates were diluted to below detection limits (ND). In all cases, 
values detected above the MDL and below the MRL were used in reduction and analysis phases of the data treatment, even though these were 
considered estimated values. Leachate samples are those indicated by Sample IDs with an appended -T#. The volumes analyzed for each of these 
samples was the entire leaching volume for that incremental leaching experiment and these volumes were used to calculate mass released and 
average leach rate for each leaching interval as described in the  Leach Rate Calculations section. The analysis volumes listed for the A1254 leachate 
sample 212-147A-S-T45 (0.17 L) and the A1268 leachate sample 214-59B-S1-T20 (0.47 L) were split samples. These were adjusted for data 
reduction and analysis purposes to reflect true dissolution volumes (0.93 L and 0.92 L, respectively) for their associated time intervals.  
 
Aroclor 1254 (A1254) Experiment: Analytical Results (ng/L) 
 
Sample ID 212-



147A-S 
212-



147A-S-
B62 



212-
147A-S-



B009 



212-
147A-S-



T1 



212-
147A-S-



T10 



212-
147A-S-



T14 



212-
147A-S-



T17 



212-
147A-S-



T21 



212-
147A-S-



T23 



212-
147A-S-



T25 



212-
147A-S-



T27 



212-
147A-S-



T30 



212-
147A-S-



T33 



212-
147A-S-



T36 



212-
147A-S-



T40 



212-
147A-S-



T45 



212-
147A-S-



T49 



212-
147A-S-



T51 
Sample Date 7/05/01 7/05/01 6/06/00 4/12/00 4/13/00 4/18/00 5/03/00 5/24/00 6/13/00 6/20/00 8/01/00 9/05/00 10/17/00 11/28/00 1/23/01 3/08/01 4/17/01 6/19/01 
Units ng ng ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
Cl1 0 0.44 0.27 0 13 53 100 98 93 35 82 66 63 52 66 61 28 39 
Qual_Cl1 ND J J ND                             
Cl2 33000 10 3.8 0 37 140 300 320 290 130 330 270 250 240 260 280 170 200 
Qual_Cl2 J     ND                             
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Sample ID 212-
147A-S 



212-
147A-S-



B62 



212-
147A-S-



B009 



212-
147A-S-



T1 



212-
147A-S-



T10 



212-
147A-S-



T14 



212-
147A-S-



T17 



212-
147A-S-



T21 



212-
147A-S-



T23 



212-
147A-S-



T25 



212-
147A-S-



T27 



212-
147A-S-



T30 



212-
147A-S-



T33 



212-
147A-S-



T36 



212-
147A-S-



T40 



212-
147A-S-



T45 



212-
147A-S-



T49 



212-
147A-S-



T51 
PCB8 7300 4.2 1 0 9.3 57 120 140 130 63 140 120 110 100 110 110 74 81 
Qual_PCB8 J J J ND                             
Cl3 95000 52 5 0 12 98 240 280 280 180 330 280 260 290 220 250 170 190 
Qual_Cl3       ND                             
PCB18 14000 11 0.98 0 4.7 36 87 110 100 58 120 110 95 95 100 120 79 84 
Qual_PCB18 J   J ND                             
PCB28 34000 14 1.8 0 2.5 31 81 94 100 72 110 92 78 93 58 55 34 43 
Qual_PCB28 J   J ND J                           
Cl4 3600000 2100 94 0 30 620 2300 3800 3800 3700 5500 4800 3200 5900 3200 3200 2300 2700 
Qual_Cl4       ND                             
PCB44 450000 400 14 0 6 130 430 660 680 520 750 480 670 820 690 620 500 350 
Qual_PCB44   D   ND     D D D D D D D D   D   D 
PCB49 220000 160 6.2 0 1.9 47 180 250 300 250 310 260 240 410 220 230 160 160 
Qual_PCB49       ND J                           
PCB52 1000000 940 30 0 11 270 910 1600 1500 1100 1600 1100 1400 1800 1200 1400 980 900 
Qual_PCB52   D   ND     D D D D D D D D D D D D 
PCB66 180000 49 4.1 0 0 7.4 44 83 110 140 100 100 97 200 68 60 14 39 
Qual_PCB66       ND ND                           
PCB77 0 0 0 0 0 0 0 0 1.4 0 0 0 0 0 0 0 0 0 
Qual_PCB77 ND ND ND ND ND ND ND ND J ND ND ND ND ND ND ND ND ND 
Cl5 9300000 4600 120 0 0 130 950 2500 3100 4300 5100 4100 2900 8300 2700 2400 1400 1700 
Qual_Cl5       ND ND                           
PCB87 800000 380 8.7 0 0 5.8 57 170 230 290 300 200 240 620 220 180 74 110 
Qual_PCB87       ND ND                           
PCB101 1600000 480 16 0 0 10 98 280 320 350 390 210 410 1000 350 280 140 180 
Qual_PCB101   D   ND ND       D D D D             
PCB105 600000 72 2 0 0 0.7 9.1 40 64 87 99 58 84 200 50 32 8.2 12 
Qual_PCB105     J ND ND J                         
PCB114 41000 0 0 0 0 0 0 0 3.5 0 4.9 2.8 4.5 8.4 0 0 0 0 
Qual_PCB114   ND ND ND ND ND ND ND   ND     J   ND ND ND ND 
PCB118 1500000 110 5.2 0 0 1.4 22 87 150 200 240 150 170 440 100 62 16 21 
Qual_PCB118       ND ND J                         
PCB123 190000 23 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 
Qual_PCB123     ND ND ND ND ND ND ND ND ND ND ND ND   ND ND ND 
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Sample ID 212-
147A-S 



212-
147A-S-



B62 



212-
147A-S-



B009 



212-
147A-S-



T1 



212-
147A-S-



T10 



212-
147A-S-



T14 



212-
147A-S-



T17 



212-
147A-S-



T21 



212-
147A-S-



T23 



212-
147A-S-



T25 



212-
147A-S-



T27 



212-
147A-S-



T30 



212-
147A-S-



T33 



212-
147A-S-



T36 



212-
147A-S-



T40 



212-
147A-S-



T45 



212-
147A-S-



T49 



212-
147A-S-



T51 
PCB126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB126 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl6 4900000 1100 20 0 0 0 30 160 240 430 650 440 380 1200 470 350 140 200 
Qual_Cl6       ND ND ND                         
PCB128 270000 38 0 0 0 0 0 4.6 7.6 12 17 10 18 47 16 10 0 6.2 
Qual_PCB128     ND ND ND ND ND                   ND   
PCB138 1100000 180 0 0 0 0 1.9 16 32 48 78 48 69 210 58 39 10 17 
Qual_PCB138     ND ND ND ND J                       
PCB153 1400000 81 2.5 0 0 0 0 6.1 0 60 35 22 81 220 68 48 3.8 20 
Qual_PCB153     J ND ND ND ND   ND               J   
PCB156 160000 8.7 0 0 0 0 0 0 1.8 0 5.3 2.7 4.8 11 4.5 2.8 0 0 
Qual_PCB156     ND ND ND ND ND ND J ND     J   J J ND ND 
PCB157 50000 2.5 0 0 0 0 0 0 0 0 1.1 0 1.4 0 0 0 0 0 
Qual_PCB157   J ND ND ND ND ND ND ND ND J ND J ND ND ND ND ND 
PCB167 54000 2.8 0 0 0 0 0 0 0 0 1.5 0 0 4 0 0 0 0 
Qual_PCB167   J ND ND ND ND ND ND ND ND J ND ND J ND ND ND ND 
PCB169 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB169 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl7 810000 74 0 0 0 0 0 0 0 0 0 0 0 69 0 0 0 0 
Qual_Cl7     ND ND ND ND ND ND ND ND ND ND ND   ND ND ND ND 
PCB170 120000 6.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB170     ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB180 140000 7 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 
Qual_PCB180     ND ND ND ND ND ND ND ND ND ND ND J ND ND ND ND 
PCB183 42000 3.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB183   J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB184 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB184 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB187 50000 4.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB187   J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB189 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB189 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
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Sample ID 212-
147A-S 



212-
147A-S-



B62 



212-
147A-S-



B009 



212-
147A-S-



T1 



212-
147A-S-



T10 



212-
147A-S-



T14 



212-
147A-S-



T17 



212-
147A-S-



T21 



212-
147A-S-



T23 



212-
147A-S-



T25 



212-
147A-S-



T27 



212-
147A-S-



T30 



212-
147A-S-



T33 



212-
147A-S-



T36 



212-
147A-S-



T40 



212-
147A-S-



T45 



212-
147A-S-



T49 



212-
147A-S-



T51 
PCB195 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB195 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB206 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB206 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl10 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB209 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB209 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Min Reporting 
Limit 



35000 5 2.6 2.6 2.7 2.7 2.6 2.8 2.7 2.7 2.7 2.7 5.4 5.4 5.4 3.7 5.4 5.4 



MDL_cong_Cl1 7000 0.5 0.53 0.53 0.54 0.54 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.37 0.54 0.54 
MDL_cong_Cl2 7000 0.5 0.53 0.53 0.54 0.54 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.37 0.54 0.54 
MDL8 2600 0.42 0.45 0.45 0.46 0.46 0.45 0.47 0.45 0.45 0.46 0.45 0.45 0.46 0.45 0.31 0.45 0.45 
MDL_cong_Cl3 7000 0.5 0.53 0.53 0.54 0.54 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.37 0.54 0.54 
MDL18 3000 0.64 0.68 0.68 0.69 0.69 0.68 0.72 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.47 0.69 0.69 
MDL28 3200 0.53 0.56 0.56 0.57 0.57 0.56 0.59 0.56 0.56 0.57 0.56 0.56 0.57 0.56 0.39 0.56 0.56 
MDL_cong_Cl4 7000 0.5 0.53 0.53 0.54 0.54 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.37 0.54 0.54 
MDL44 2600 3.4 0.71 0.71 0.73 0.73 7.1 7.6 7.2 7.2 3.6 7.2 14 7.3 0.72 2.5 0.72 3.6 
MDL49 7000 0.75 0.79 0.79 0.81 0.81 0.79 0.84 0.8 0.8 0.81 0.8 0.8 0.81 0.8 0.55 0.8 0.8 
MDL52 3300 1.5 0.31 0.31 0.32 0.32 3.1 3.3 3.2 3.2 1.6 3.2 6.3 3.2 1.6 1.1 1.6 1.6 
MDL66 3800 0.64 0.68 0.68 0.7 0.7 0.68 0.72 0.69 0.69 0.7 0.69 0.69 0.7 0.69 0.47 0.69 0.69 
MDL77 4800 0.56 0.6 0.6 0.61 0.61 0.6 0.63 0.6 0.6 0.61 0.6 0.6 0.61 0.6 0.41 0.6 0.6 
MDL_cong_Cl5 7000 0.5 0.53 0.53 0.54 0.54 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.37 0.54 0.54 
MDL87 7000 0.77 0.81 0.81 0.83 0.83 0.81 0.86 0.82 0.82 0.83 0.82 0.82 0.83 0.82 0.56 0.82 0.82 
MDL101 2800 1.8 0.38 0.38 0.39 0.39 0.38 0.41 3.9 3.9 2 3.9 0.39 0.39 0.39 0.27 0.39 0.39 
MDL105 4600 0.41 0.43 0.43 0.44 0.44 0.43 0.46 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.3 0.44 0.44 
MDL114 7000 0.68 0.72 0.72 0.74 0.74 0.72 0.76 0.73 0.73 0.74 0.73 0.73 0.74 0.73 0.5 0.73 0.73 
MDL118 7000 0.66 0.7 0.7 0.71 0.71 0.7 0.74 0.7 0.7 0.71 0.7 0.7 0.71 0.7 0.48 0.7 0.7 
MDL123 7000 0.77 0.82 0.82 0.84 0.84 0.82 0.87 0.83 0.83 0.84 0.83 0.83 0.84 0.83 0.57 0.83 0.83 
MDL126 10000 0.67 0.71 0.71 0.73 0.73 0.71 0.76 0.72 0.72 0.73 0.72 0.72 0.73 0.72 0.49 0.72 0.72 
MDL_cong_Cl6 7000 0.5 0.53 0.53 0.54 0.54 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.37 0.54 0.54 
MDL128 4900 0.25 0.26 0.26 0.27 0.27 0.26 0.28 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.18 0.27 0.27 
MDL138 6800 0.55 0.58 0.58 0.59 0.59 0.58 0.61 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.4 0.59 0.59 
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Sample ID 212-
147A-S 



212-
147A-S-



B62 



212-
147A-S-



B009 



212-
147A-S-



T1 



212-
147A-S-



T10 



212-
147A-S-



T14 



212-
147A-S-



T17 



212-
147A-S-



T21 



212-
147A-S-



T23 



212-
147A-S-



T25 



212-
147A-S-



T27 



212-
147A-S-



T30 



212-
147A-S-



T33 



212-
147A-S-



T36 



212-
147A-S-



T40 



212-
147A-S-



T45 



212-
147A-S-



T49 



212-
147A-S-



T51 
MDL153 5200 0.27 0.28 0.28 0.29 0.29 0.28 0.3 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.2 0.29 0.29 
MDL156 7000 0.62 0.66 0.66 0.67 0.67 0.66 0.7 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.46 0.67 0.67 
MDL157 7000 0.61 0.65 0.65 0.66 0.66 0.65 0.68 0.65 0.65 0.66 0.65 0.65 0.66 0.65 0.45 0.65 0.65 
MDL167 7000 0.64 0.68 0.68 0.69 0.69 0.68 0.71 0.68 0.68 0.69 0.68 0.68 0.69 0.68 0.47 0.68 0.68 
MDL169 7000 0.59 0.63 0.63 0.64 0.64 0.63 0.66 0.63 0.63 0.64 0.63 0.63 0.64 0.63 0.43 0.63 0.63 
MDL-cong_Cl7 7000 0.5 0.53 0.53 0.54 0.54 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.37 0.54 0.54 
MDL170 3100 0.64 0.68 0.68 0.69 0.69 0.68 0.71 0.68 0.68 0.69 0.68 0.68 0.69 0.68 0.47 0.68 0.68 
MDL180 6800 0.65 0.69 0.69 0.71 0.71 0.69 0.73 0.7 0.7 0.71 0.7 0.7 0.71 0.7 0.48 0.7 0.7 
MDL183 7000 0.37 0.39 0.39 0.4 0.4 0.39 0.42 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.27 0.4 0.4 
MDL184 7000 0.5 0.54 0.54 0.55 0.55 0.54 0.57 0.54 0.54 0.55 0.54 0.54 0.55 0.54 0.37 0.54 0.54 
MDL187 3000 0.65 0.69 0.69 0.71 0.71 0.69 0.73 0.7 0.7 0.71 0.7 0.7 0.71 0.7 0.48 0.7 0.7 
MDL189 7000 0.71 0.75 0.75 0.77 0.77 0.75 0.79 0.76 0.76 0.77 0.76 0.76 0.77 0.76 0.52 0.76 0.76 
MDL_cong_Cl8 7000 0.5 0.53 0.53 0.54 0.54 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.37 0.54 0.54 
MDL195 4700 0.58 0.62 0.62 0.63 0.63 0.62 0.65 0.62 0.62 0.63 0.62 0.62 0.63 0.62 0.43 0.62 0.62 
MDL_cong_Cl9 7000 0.5 0.53 0.53 0.54 0.54 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.37 0.54 0.54 
MDL206 7800 0.23 0.24 0.24 0.24 0.24 0.24 0.25 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.17 0.24 0.24 
MDL_cong_Cl10 5400 0.57 0.61 0.61 0.62 0.62 0.61 0.64 0.61 0.61 0.62 0.61 0.61 0.62 0.61 0.42 0.61 0.61 
MDL209 5400 0.57 0.61 0.61 0.62 0.62 0.61 0.64 0.61 0.61 0.62 0.61 0.61 0.62 0.61 0.42 0.61 0.61 
Sample Delivery 
Group 



NC34SD
G006 



NC34SD
G004 



NC22SD
G015 



NC22SD
G006 



NC22SD
G006 



NC22SD
G007 



NC22SD
G009 



NC22SD
G012 



NC22SD
G015 



NC22SD
G016 



NC22SD
G021 



NC22SD
G025 



NC28SD
G002 



NC28SD
G007 



NC28SD
G011 



NC28SD
G016 



NC28SD
G022 



NC34SD
G002 



Sample Size 1 1 0.94 0.94 0.92 0.92 0.94 0.89 0.93 0.93 0.92 0.93 0.93 0.92 0.93 0.93 0.93 0.93 
Size Units   L L L L L L L L L L L L L L L L 



 
 
Aroclor 1254 (A1254) Experiment: PCB Mass per Sample (ng) 
 
 
Field ID 212-



147A-S 
212-



147A-S-
B62 



212-
147A-S-



B009 



212-
147A-S-



T1 



212-
147A-S-



T10 



212-
147A-S-



T14 



212-
147A-S-



T17 



212-
147A-S-



T21 



212-
147A-S-



T23 



212-
147A-S-



T25 



212-
147A-S-



T27 



212-
147A-S-



T30 



212-
147A-S-



T33 



212-
147A-S-



T36 



212-
147A-S-



T40 



212-
147A-S-



T45 



212-
147A-S-



T49 



212-
147A-S-



T51 
Cl1 0.0E+00 4.4E-01 2.5E-01 0.0E+00 1.2E+01 4.9E+01 9.4E+01 8.7E+01 8.6E+01 3.3E+01 7.5E+01 6.1E+01 5.9E+01 4.8E+01 6.1E+01 5.7E+01 2.6E+01 3.6E+01 
Cl2 3.3E+04 1.0E+01 3.6E+00 0.0E+00 3.4E+01 1.3E+02 2.8E+02 2.8E+02 2.7E+02 1.2E+02 3.0E+02 2.5E+02 2.3E+02 2.2E+02 2.4E+02 2.6E+02 1.6E+02 1.9E+02 
PCB8 7.3E+03 4.2E+00 9.4E-01 0.0E+00 8.6E+00 5.2E+01 1.1E+02 1.2E+02 1.2E+02 5.9E+01 1.3E+02 1.1E+02 1.0E+02 9.2E+01 1.0E+02 1.0E+02 6.9E+01 7.5E+01 
Cl3 9.5E+04 5.2E+01 4.7E+00 0.0E+00 1.1E+01 9.0E+01 2.3E+02 2.5E+02 2.6E+02 1.7E+02 3.0E+02 2.6E+02 2.4E+02 2.7E+02 2.0E+02 2.3E+02 1.6E+02 1.8E+02 
PCB18 1.4E+04 1.1E+01 9.2E-01 0.0E+00 4.3E+00 3.3E+01 8.2E+01 9.8E+01 9.3E+01 5.4E+01 1.1E+02 1.0E+02 8.8E+01 8.7E+01 9.3E+01 1.1E+02 7.3E+01 7.8E+01 
PCB28 3.4E+04 1.4E+01 1.7E+00 0.0E+00 2.3E+00 2.9E+01 7.6E+01 8.4E+01 9.3E+01 6.7E+01 1.0E+02 8.6E+01 7.3E+01 8.6E+01 5.4E+01 5.1E+01 3.2E+01 4.0E+01 
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Field ID 212-
147A-S 



212-
147A-S-



B62 



212-
147A-S-



B009 



212-
147A-S-



T1 



212-
147A-S-



T10 



212-
147A-S-



T14 



212-
147A-S-



T17 



212-
147A-S-



T21 



212-
147A-S-



T23 



212-
147A-S-



T25 



212-
147A-S-



T27 



212-
147A-S-



T30 



212-
147A-S-



T33 



212-
147A-S-



T36 



212-
147A-S-



T40 



212-
147A-S-



T45 



212-
147A-S-



T49 



212-
147A-S-



T51 
Cl4 3.6E+06 2.1E+03 8.8E+01 0.0E+00 2.8E+01 5.7E+02 2.2E+03 3.4E+03 3.5E+03 3.4E+03 5.1E+03 4.5E+03 3.0E+03 5.4E+03 3.0E+03 3.0E+03 2.1E+03 2.5E+03 
PCB44 4.5E+05 4.0E+02 1.3E+01 0.0E+00 5.5E+00 1.2E+02 4.0E+02 5.9E+02 6.3E+02 4.8E+02 6.9E+02 4.5E+02 6.2E+02 7.5E+02 6.4E+02 5.8E+02 4.7E+02 3.3E+02 
PCB49 2.2E+05 1.6E+02 5.8E+00 0.0E+00 1.7E+00 4.3E+01 1.7E+02 2.2E+02 2.8E+02 2.3E+02 2.9E+02 2.4E+02 2.2E+02 3.8E+02 2.0E+02 2.1E+02 1.5E+02 1.5E+02 
PCB52 1.0E+06 9.4E+02 2.8E+01 0.0E+00 1.0E+01 2.5E+02 8.6E+02 1.4E+03 1.4E+03 1.0E+03 1.5E+03 1.0E+03 1.3E+03 1.7E+03 1.1E+03 1.3E+03 9.1E+02 8.4E+02 
PCB66 1.8E+05 4.9E+01 3.9E+00 0.0E+00 0.0E+00 6.8E+00 4.1E+01 7.4E+01 1.0E+02 1.3E+02 9.2E+01 9.3E+01 9.0E+01 1.8E+02 6.3E+01 5.6E+01 1.3E+01 3.6E+01 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 9.3E+06 4.6E+03 1.1E+02 0.0E+00 0.0E+00 1.2E+02 8.9E+02 2.2E+03 2.9E+03 4.0E+03 4.7E+03 3.8E+03 2.7E+03 7.6E+03 2.5E+03 2.2E+03 1.3E+03 1.6E+03 
PCB87 8.0E+05 3.8E+02 8.2E+00 0.0E+00 0.0E+00 5.3E+00 5.4E+01 1.5E+02 2.1E+02 2.7E+02 2.8E+02 1.9E+02 2.2E+02 5.7E+02 2.0E+02 1.7E+02 6.9E+01 1.0E+02 
PCB101 1.6E+06 4.8E+02 1.5E+01 0.0E+00 0.0E+00 9.2E+00 9.2E+01 2.5E+02 3.0E+02 3.3E+02 3.6E+02 2.0E+02 3.8E+02 9.2E+02 3.3E+02 2.6E+02 1.3E+02 1.7E+02 
PCB105 6.0E+05 7.2E+01 1.9E+00 0.0E+00 0.0E+00 6.4E-01 8.6E+00 3.6E+01 6.0E+01 8.1E+01 9.1E+01 5.4E+01 7.8E+01 1.8E+02 4.7E+01 3.0E+01 7.6E+00 1.1E+01 
PCB114 4.1E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.3E+00 0.0E+00 4.5E+00 2.6E+00 4.2E+00 7.7E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 1.5E+06 1.1E+02 4.9E+00 0.0E+00 0.0E+00 1.3E+00 2.1E+01 7.7E+01 1.4E+02 1.9E+02 2.2E+02 1.4E+02 1.6E+02 4.0E+02 9.3E+01 5.8E+01 1.5E+01 2.0E+01 
PCB123 1.9E+05 2.3E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+01 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 4.9E+06 1.1E+03 1.9E+01 0.0E+00 0.0E+00 0.0E+00 2.8E+01 1.4E+02 2.2E+02 4.0E+02 6.0E+02 4.1E+02 3.5E+02 1.1E+03 4.4E+02 3.3E+02 1.3E+02 1.9E+02 
PCB128 2.7E+05 3.8E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.1E+00 7.1E+00 1.1E+01 1.6E+01 9.3E+00 1.7E+01 4.3E+01 1.5E+01 9.3E+00 0.0E+00 5.8E+00 
PCB138 1.1E+06 1.8E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.8E+00 1.4E+01 3.0E+01 4.5E+01 7.2E+01 4.5E+01 6.4E+01 1.9E+02 5.4E+01 3.6E+01 9.3E+00 1.6E+01 
PCB153 1.4E+06 8.1E+01 2.4E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.4E+00 0.0E+00 5.6E+01 3.2E+01 2.0E+01 7.5E+01 2.0E+02 6.3E+01 4.5E+01 3.5E+00 1.9E+01 
PCB156 1.6E+05 8.7E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.7E+00 0.0E+00 4.9E+00 2.5E+00 4.5E+00 1.0E+01 4.2E+00 2.6E+00 0.0E+00 0.0E+00 
PCB157 5.0E+04 2.5E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.0E+00 0.0E+00 1.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 5.4E+04 2.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E+00 0.0E+00 0.0E+00 3.7E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 8.1E+05 7.4E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 6.3E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 1.2E+05 6.7E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 1.4E+05 7.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.7E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 4.2E+04 3.5E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 5.0E+04 4.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 1.9E+07 7.9E+03 2.3E+02 0.0E+00 8.5E+01 9.6E+02 3.7E+03 6.4E+03 7.3E+03 8.2E+03 1.1E+04 9.3E+03 6.6E+03 1.5E+04 6.4E+03 6.1E+03 3.9E+03 4.7E+03 
 
 











 



 
 



C-7



Aroclor 1254 (A1254) Experiment: Mass Balance 
 



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
Cl1 0.0E+00 7.9E+02 7.9E+02 3.7E-05 4.2E-03  8.1E-01  
Cl2 3.3E+04 3.0E+03 3.6E+04 1.7E-03 1.9E-01  3.1E+00  
PCB8 7.3E+03 1.3E+03 8.6E+03 4.1E-04  4.5E-02  1.3E+00 
Cl3 9.5E+04 2.9E+03 9.8E+04 4.6E-03 5.2E-01  3.0E+00  
PCB18 1.4E+04 1.1E+03 1.5E+04 7.2E-04  8.0E-02  1.2E+00 
PCB28 3.4E+04 8.9E+02 3.5E+04 1.7E-03  1.9E-01  9.1E-01 
Cl4 3.6E+06 4.4E+04 3.6E+06 1.7E-01 1.9E+01  4.5E+01  
PCB44 4.5E+05 7.2E+03 4.6E+05 2.2E-02  2.4E+00  7.4E+00 
PCB49 2.2E+05 3.0E+03 2.2E+05 1.1E-02  1.2E+00  3.0E+00 
PCB52 1.0E+06 1.6E+04 1.0E+06 4.8E-02  5.4E+00  1.6E+01 
PCB66 1.8E+05 1.0E+03 1.8E+05 8.6E-03  9.6E-01  1.1E+00 
PCB77 0.0E+00 1.3E+00 1.3E+00 6.2E-08  6.9E-06  1.3E-03 
Cl5 9.3E+06 4.1E+04 9.3E+06 4.4E-01 5.0E+01  4.2E+01  
PCB87 8.0E+05 2.9E+03 8.0E+05 3.8E-02  4.3E+00  3.0E+00 
PCB101 1.6E+06 4.2E+03 1.6E+06 7.6E-02  8.5E+00  4.3E+00 
PCB105 6.0E+05 7.6E+02 6.0E+05 2.8E-02  3.2E+00  7.8E-01 
PCB114 4.1E+04 2.2E+01 4.1E+04 1.9E-03  2.2E-01  2.3E-02 
PCB118 1.5E+06 1.6E+03 1.5E+06 7.1E-02  8.0E+00  1.7E+00 
PCB123 1.9E+05 3.6E+01 1.9E+05 9.0E-03  1.0E+00  3.7E-02 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl6 4.9E+06 5.4E+03 4.9E+06 2.3E-01 2.6E+01  5.6E+00  
PCB128 2.7E+05 1.8E+02 2.7E+05 1.3E-02  1.4E+00  1.8E-01 
PCB138 1.1E+06 7.6E+02 1.1E+06 5.2E-02  5.8E+00  7.8E-01 
PCB153 1.4E+06 6.0E+02 1.4E+06 6.6E-02  7.4E+00  6.2E-01 
PCB156 1.6E+05 3.9E+01 1.6E+05 7.6E-03  8.5E-01  4.0E-02 
PCB157 5.0E+04 4.8E+00 5.0E+04 2.4E-03  2.7E-01  5.0E-03 
PCB167 5.4E+04 7.9E+00 5.4E+04 2.6E-03  2.9E-01  8.1E-03 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl7 8.1E+05 1.4E+02 8.1E+05 3.8E-02 4.3E+00  1.4E-01  
PCB170 1.2E+05 6.7E+00 1.2E+05 5.7E-03  6.4E-01  6.9E-03 
PCB180 1.4E+05 1.1E+01 1.4E+05 6.6E-03  7.4E-01  1.1E-02 
PCB183 4.2E+04 3.5E+00 4.2E+04 2.0E-03  2.2E-01  3.6E-03 
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 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB187 5.0E+04 4.2E+00 5.0E+04 2.4E-03  2.7E-01  4.3E-03 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
tPCBs 1.9E+07 9.7E+04 1.9E+07 8.9E-01     



 
 
Black Rubber Pipe Hanger Liner (BRPHL) Experiment: Analytical Results (ng/L) 
 
Sample ID PSNS-



636-62-
4A 



PSNS-
636-62-
4A-B68 



PSNS-
636-62-
4A-B7 



PSNS-
636-62-
4A-T1 



PSNS-
636-62-
4A-T11



PSNS-
636-62-
4A-T13



PSNS-
636-62-
4A-T15



PSNS-
636-62-
4A-T17



PSNS-
636-62-
4A-T21



PSNS-
636-62-
4A-T24



PSNS-
636-62-
4A-T26 



PSNS-
636-62-
4A-T29



PSNS-
636-62-
4A-T32



PSNS-
636-62-
4A-T36



PSNS-
636-62-
4A-T39



PSNS-
636-62-
4A-T42



PSNS-
636-62-
4A-T45



PSNS-
636-62-
4A-T47



PSNS-
636-62-
4A-T49 



Sample Date 07/11/0
1 



07/11/0
1 



05/03/0
0 



03/22/0
0 



03/23/0
0 



03/29/0
0 



04/05/0
0 



04/19/0
0 



05/10/0
0 



05/30/0
0 



07/04/0
0 



08/15/0
0 



09/26/0
0 



11/07/0
0 



01/02/0
1 



02/13/0
1 



03/27/0
1 



04/24/0
1 



07/10/0
1 



Units ng ng ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
Cl1 3100 0 0 0 0 5.5 0 8.3 9.8 0 14 14 12 11 18 12 12 7.1 17 
Qual_Cl1 J ND ND ND ND  ND   ND          
Cl2 19000 0 0 0 0 15 44 11 1.6 1.5 17 19 12 1.3 2.1 7.3 11 16 13 
Qual_Cl2  ND ND ND ND    J J    J J     
PCB8 3700 0 0 0 0 0.74 0.98 1.1 1.6 1.4 1.9 2.1 1.4 1.3 1.9 1.3 1.6 1.3 2.1 
Qual_PCB8 J ND ND ND ND J J J J J J J J J J J J J J 
Cl3 63000 0 0 0 0 6.3 8.3 10 8.2 12 14 21 13 46 46 6.9 9.6 12 22 
Qual_Cl3  ND ND ND ND               
PCB18 5900 0 0 0 0 0.98 1.2 1.2 2 1.6 2.8 2.5 1.8 2.1 2 1.7 1.8 2.1 2.8 
Qual_PCB18 J ND ND ND ND J J J J J  J J J J J J J J 
PCB28 20000 0 0 0 0 1.4 1.8 1.8 3.6 2.6 3.3 8.2 2.2 5.7 0 0 1.9 1.3 0 
Qual_PCB28  ND ND ND ND J J J  J   J  ND ND J J ND 
Cl4 1200000 41 0 0 0 22 32 48 69 94 85 86 62 58 39 38 43 38 63 
Qual_Cl4   ND ND ND               
PCB44 170000 4.5 0 0 0 3 5.7 7.7 11 12 14 14 11 9.1 7.3 7.5 7.4 7 9.9 
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Sample ID PSNS-
636-62-



4A 



PSNS-
636-62-
4A-B68 



PSNS-
636-62-
4A-B7 



PSNS-
636-62-
4A-T1 



PSNS-
636-62-
4A-T11



PSNS-
636-62-
4A-T13



PSNS-
636-62-
4A-T15



PSNS-
636-62-
4A-T17



PSNS-
636-62-
4A-T21



PSNS-
636-62-
4A-T24



PSNS-
636-62-
4A-T26 



PSNS-
636-62-
4A-T29



PSNS-
636-62-
4A-T32



PSNS-
636-62-
4A-T36



PSNS-
636-62-
4A-T39



PSNS-
636-62-
4A-T42



PSNS-
636-62-
4A-T45



PSNS-
636-62-
4A-T47



PSNS-
636-62-
4A-T49 



Qual_PCB44  J ND ND ND               
PCB49 87000 2.4 0 0 0 1.8 2.7 3 4.6 4.6 5.8 5.2 4 3 2.3 2.1 2.7 2.3 3 
Qual_PCB49  J ND ND ND J B       J J J J J J 
PCB52 370000 9.4 0 0 0 5.7 11 16 22 24 27 27 21 19 16 16 15 14 20 
Qual_PCB52   ND ND ND               
PCB66 77000 1.5 0 0 0 0.35 0.82 1.1 1.9 2.4 3 2.3 1.5 2 0.41 0.6 1 1.6 1.2 
Qual_PCB66  J ND ND ND J J J J J  J J J J J J J J 
PCB77 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB77 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl5 2300000 46 0 0 0 18 16 40 40 67 80 86 52 53 15 27 23 31 43 
Qual_Cl5   ND ND ND               
PCB87 210000 3.5 0 0 0 0 0.87 1.8 2.6 4.2 4.1 4.3 2.8 2.6 0 1.4 1.8 0 0 
Qual_PCB87  J ND ND ND ND J J J     J ND J J ND ND 
PCB101 420000 4.6 0 0 0 0.63 1.8 3.9 4.9 7.2 8 7.5 4.7 4.6 2.1 2.5 2.4 1.4 2.5 
Qual_PCB101  J ND ND ND J J       J J J J J J 
PCB105 140000 0 0 0 0 0 0 0 0.79 1.6 0 2 0 0 0 0.54 0 0 0 
Qual_PCB105  ND ND ND ND ND ND ND J J ND J ND ND ND J ND ND ND 
PCB114 9600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB114 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB118 390000 0 0 0 0 0 0.51 1.7 2.5 4.6 4.7 4.6 0 1.9 0 0.96 0 0 0 
Qual_PCB118  ND ND ND ND ND J J J    ND J ND J ND ND ND 
PCB123 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB123 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB126 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl6 860000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl6  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB128 49000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB128  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB138 210000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB138  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB153 200000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB153  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB156 27000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 











 



 
 



C-10



Sample ID PSNS-
636-62-



4A 



PSNS-
636-62-
4A-B68 



PSNS-
636-62-
4A-B7 



PSNS-
636-62-
4A-T1 



PSNS-
636-62-
4A-T11



PSNS-
636-62-
4A-T13



PSNS-
636-62-
4A-T15



PSNS-
636-62-
4A-T17



PSNS-
636-62-
4A-T21



PSNS-
636-62-
4A-T24



PSNS-
636-62-
4A-T26 



PSNS-
636-62-
4A-T29



PSNS-
636-62-
4A-T32



PSNS-
636-62-
4A-T36



PSNS-
636-62-
4A-T39



PSNS-
636-62-
4A-T42



PSNS-
636-62-
4A-T45



PSNS-
636-62-
4A-T47



PSNS-
636-62-
4A-T49 



Qual_PCB156  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB157 10000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB157 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB167 9400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB167 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB169 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB169 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl7 94000 0 0 5.3 4.9 9.3 7.7 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl7  ND ND     ND ND ND ND ND ND ND ND ND ND ND ND 
PCB170 10000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB170 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB180 13000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB180 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB183 7900 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB183 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB184 0 0 0 0.82 0.8 0.9 1.1 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB184 ND ND ND J J  J ND ND ND ND ND ND ND ND ND ND ND ND 
PCB187 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB187 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB189 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB189 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB195 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB195 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB206 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB206 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl10 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB209 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB209 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Min Reporting 
Limit 



18000 5 2.6 2.7 2.7 2.7 2.6 2.6 2.7 2.8 2.7 2.6 2.7 5.4 5.4 2.7 5.4 5.4 5.4 











 



 
 



C-11



Sample ID PSNS-
636-62-



4A 



PSNS-
636-62-
4A-B68 



PSNS-
636-62-
4A-B7 



PSNS-
636-62-
4A-T1 



PSNS-
636-62-
4A-T11



PSNS-
636-62-
4A-T13



PSNS-
636-62-
4A-T15



PSNS-
636-62-
4A-T17



PSNS-
636-62-
4A-T21



PSNS-
636-62-
4A-T24



PSNS-
636-62-
4A-T26 



PSNS-
636-62-
4A-T29



PSNS-
636-62-
4A-T32



PSNS-
636-62-
4A-T36



PSNS-
636-62-
4A-T39



PSNS-
636-62-
4A-T42



PSNS-
636-62-
4A-T45



PSNS-
636-62-
4A-T47



PSNS-
636-62-
4A-T49 



MDL_cong_Cl1 3500 0.5 0.53 0.54 0.54 0.54 0.53 0.53 0.54 0.56 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL_cong_Cl2 3500 0.5 0.53 0.54 0.54 0.54 0.53 0.53 0.54 0.56 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL8 1300 0.42 0.45 0.46 0.46 0.46 0.45 0.45 0.45 0.47 0.45 0.45 0.45 0.46 0.46 0.23 0.45 0.45 0.45 
MDL_cong_Cl3 3500 0.5 0.53 0.54 0.54 0.54 0.53 0.53 0.54 0.56 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL18 1500 0.64 0.68 0.69 0.69 0.69 0.68 0.68 0.69 0.72 0.69 0.68 0.69 0.69 0.69 0.34 0.69 0.69 0.69 
MDL28 1600 0.53 0.56 0.57 0.57 0.57 0.56 0.56 0.56 0.59 0.56 0.56 0.56 0.57 0.57 0.28 0.56 0.56 0.56 
MDL_cong_Cl4 3500 0.5 0.53 0.54 0.54 0.54 0.53 0.53 0.54 0.56 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL44 1300 0.67 0.71 0.73 0.73 0.73 0.71 0.71 0.72 0.76 0.72 0.71 0.72 0.73 0.73 0.36 0.72 0.72 0.72 
MDL49 3500 0.75 0.79 0.81 0.81 0.81 0.79 0.79 0.8 0.84 0.8 0.79 0.8 0.81 0.81 0.4 0.8 0.8 0.8 
MDL52 1600 0.29 0.31 0.32 0.32 0.32 0.31 0.31 0.32 0.33 0.32 0.31 0.32 0.32 0.32 0.16 0.32 0.32 0.32 
MDL66 1900 0.64 0.68 0.7 0.7 0.7 0.68 0.68 0.69 0.72 0.69 0.68 0.69 0.7 0.7 0.35 0.69 0.69 0.69 
MDL77 2400 0.56 0.59 0.61 0.61 0.61 0.6 0.6 0.6 0.63 0.6 0.6 0.6 0.61 0.61 0.3 0.6 0.6 0.6 
MDL_cong_Cl5 3500 0.5 0.53 0.54 0.54 0.54 0.53 0.53 0.54 0.56 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL87 3500 0.77 0.81 0.83 0.83 0.83 0.81 0.81 0.82 0.86 0.82 0.81 0.82 0.83 0.83 0.41 0.82 0.82 0.82 
MDL101 1400 0.36 0.38 0.39 0.39 0.39 0.38 0.38 0.39 0.41 0.39 0.38 0.39 0.39 0.39 0.19 0.39 0.39 0.39 
MDL105 2300 0.41 0.43 0.44 0.44 0.44 0.43 0.43 0.44 0.46 0.44 0.43 0.44 0.44 0.44 0.22 0.44 0.44 0.44 
MDL114 3500 0.68 0.72 0.74 0.74 0.74 0.72 0.72 0.73 0.76 0.73 0.72 0.73 0.74 0.74 0.36 0.73 0.73 0.73 
MDL118 3500 0.66 0.7 0.71 0.71 0.71 0.7 0.7 0.7 0.74 0.7 0.7 0.7 0.71 0.71 0.35 0.7 0.7 0.7 
MDL123 3500 0.77 0.82 0.84 0.84 0.84 0.82 0.82 0.83 0.87 0.83 0.82 0.83 0.84 0.84 0.42 0.83 0.83 0.83 
MDL126 5100 0.67 0.71 0.73 0.73 0.73 0.71 0.71 0.72 0.76 0.72 0.71 0.72 0.73 0.73 0.36 0.72 0.72 0.72 
MDL_cong_Cl6 3500 0.5 0.53 0.54 0.54 0.54 0.53 0.53 0.54 0.56 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL128 2500 0.25 0.26 0.27 0.27 0.27 0.26 0.26 0.27 0.28 0.27 0.26 0.27 0.27 0.27 0.13 0.27 0.27 0.27 
MDL138 3400 0.55 0.58 0.59 0.59 0.59 0.58 0.58 0.59 0.61 0.59 0.58 0.59 0.59 0.59 0.29 0.59 0.59 0.59 
MDL153 2600 0.27 0.28 0.29 0.29 0.29 0.28 0.28 0.29 0.3 0.29 0.28 0.29 0.29 0.29 0.14 0.29 0.29 0.29 
MDL156 3500 0.62 0.66 0.67 0.67 0.67 0.66 0.66 0.67 0.7 0.67 0.66 0.67 0.67 0.67 0.33 0.67 0.67 0.67 
MDL157 3500 0.61 0.64 0.66 0.66 0.66 0.65 0.65 0.65 0.68 0.65 0.65 0.65 0.66 0.66 0.33 0.65 0.65 0.65 
MDL167 3500 0.64 0.68 0.69 0.69 0.69 0.68 0.68 0.68 0.71 0.68 0.68 0.68 0.69 0.69 0.34 0.68 0.68 0.68 
MDL169 3500 0.59 0.63 0.64 0.64 0.64 0.63 0.63 0.63 0.66 0.63 0.63 0.63 0.64 0.64 0.32 0.63 0.63 0.63 
MDL-cong_Cl7 3500 0.5 0.53 0.54 0.54 0.54 0.53 0.53 0.54 0.56 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL170 1600 0.64 0.68 0.69 0.69 0.69 0.68 0.68 0.68 0.71 0.68 0.68 0.68 0.69 0.69 0.34 0.68 0.68 0.68 
MDL180 3400 0.65 0.69 0.71 0.71 0.71 0.69 0.69 0.7 0.73 0.7 0.69 0.7 0.71 0.71 0.35 0.7 0.7 0.7 
MDL183 3500 0.37 0.39 0.4 0.4 0.4 0.39 0.39 0.4 0.42 0.4 0.39 0.4 0.4 0.4 0.2 0.4 0.4 0.4 
MDL184 3500 0.5 0.54 0.55 0.55 0.55 0.54 0.54 0.54 0.57 0.54 0.54 0.54 0.55 0.55 0.27 0.54 0.54 0.54 
MDL187 1500 0.65 0.69 0.71 0.71 0.71 0.69 0.69 0.7 0.73 0.7 0.69 0.7 0.71 0.71 0.35 0.7 0.7 0.7 











 



 
 



C-12



Sample ID PSNS-
636-62-



4A 



PSNS-
636-62-
4A-B68 



PSNS-
636-62-
4A-B7 



PSNS-
636-62-
4A-T1 



PSNS-
636-62-
4A-T11



PSNS-
636-62-
4A-T13



PSNS-
636-62-
4A-T15



PSNS-
636-62-
4A-T17



PSNS-
636-62-
4A-T21



PSNS-
636-62-
4A-T24



PSNS-
636-62-
4A-T26 



PSNS-
636-62-
4A-T29



PSNS-
636-62-
4A-T32



PSNS-
636-62-
4A-T36



PSNS-
636-62-
4A-T39



PSNS-
636-62-
4A-T42



PSNS-
636-62-
4A-T45



PSNS-
636-62-
4A-T47



PSNS-
636-62-
4A-T49 



MDL189 3500 0.71 0.75 0.77 0.77 0.77 0.75 0.75 0.76 0.79 0.76 0.75 0.76 0.77 0.77 0.38 0.76 0.76 0.76 
MDL_cong_Cl8 3500 0.5 0.53 0.54 0.54 0.54 0.53 0.53 0.54 0.56 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL195 2300 0.58 0.62 0.63 0.63 0.63 0.62 0.62 0.62 0.65 0.62 0.62 0.62 0.63 0.63 0.31 0.62 0.62 0.62 
MDL_cong_Cl9 3500 0.5 0.53 0.54 0.54 0.54 0.53 0.53 0.54 0.56 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL206 3900 0.23 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.25 0.24 0.24 0.24 0.24 0.24 0.12 0.24 0.24 0.24 
MDL_cong_Cl1
0 



2700 0.57 0.6 0.62 0.62 0.62 0.61 0.61 0.61 0.64 0.61 0.61 0.61 0.62 0.62 0.31 0.61 0.61 0.61 



MDL209 2700 0.57 0.6 0.62 0.62 0.62 0.61 0.61 0.61 0.64 0.61 0.61 0.61 0.62 0.62 0.31 0.61 0.61 0.61 
Sample Delivery 
Group 



NC34S
DG006 



NC34S
DG005 



NC22S
DG010 



NC22S
DG003 



NC22S
DG003



NC22S
DG004



NC22S
DG005



NC22S
DG007



NC22S
DG010



NC22S
DG013



NC22S
DG018 



NC22S
DG023



NC28S
DG001



NC28S
DG005



NC28S
DG010



NC28S
DG013



NC28S
DG019



NC28S
DG023



NC34S
DG005 



Sample Size 1 1 0.94 0.92 0.92 0.92 0.94 0.94 0.93 0.89 0.93 0.94 0.93 0.92 0.92 0.93 0.93 0.93 0.93 
Size Units   L L L L L L L L L L L L L L L L L 



 
 
Black Rubber Pipe Hanger Liner (BRPHL) Experiment: PCB Mass per Sample (ng) 
 
 



Field ID 



PSNS-
636-62-



4A 



PSNS-
636-62-
4A-B68 



PSNS-
636-62-
4A-B7 



PSNS-
636-62-
4A-T1 



PSNS-
636-62-
4A-T11



PSNS-
636-62-
4A-T13



PSNS-
636-62-
4A-T15



PSNS-
636-62-
4A-T17



PSNS-
636-62-
4A-T21



PSNS-
636-62-
4A-T24



PSNS-
636-62-
4A-T26 



PSNS-
636-62-
4A-T29



PSNS-
636-62-
4A-T32



PSNS-
636-62-
4A-T36



PSNS-
636-62-
4A-T39



PSNS-
636-62-
4A-T42



PSNS-
636-62-
4A-T45



PSNS-
636-62-
4A-T47



PSNS-
636-62-
4A-T49 



Cl1 3.1E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.1E+00 0.0E+00 7.8E+00 9.1E+00 0.0E+00 1.3E+01 1.3E+01 1.1E+01 1.0E+01 1.7E+01 1.1E+01 1.1E+01 6.6E+00 1.6E+01 
Cl2 1.9E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E+01 4.1E+01 1.0E+01 1.5E+00 1.3E+00 1.6E+01 1.8E+01 1.1E+01 1.2E+00 1.9E+00 6.8E+00 1.0E+01 1.5E+01 1.2E+01 
PCB8 3.7E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 6.8E-01 9.2E-01 1.0E+00 1.5E+00 1.2E+00 1.8E+00 2.0E+00 1.3E+00 1.2E+00 1.7E+00 1.2E+00 1.5E+00 1.2E+00 2.0E+00 
Cl3 6.3E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.8E+00 7.8E+00 9.4E+00 7.6E+00 1.1E+01 1.3E+01 2.0E+01 1.2E+01 4.2E+01 4.2E+01 6.4E+00 8.9E+00 1.1E+01 2.0E+01 
PCB18 5.9E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.0E-01 1.1E+00 1.1E+00 1.9E+00 1.4E+00 2.6E+00 2.4E+00 1.7E+00 1.9E+00 1.8E+00 1.6E+00 1.7E+00 2.0E+00 2.6E+00 
PCB28 2.0E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+00 1.7E+00 1.7E+00 3.3E+00 2.3E+00 3.1E+00 7.7E+00 2.0E+00 5.2E+00 0.0E+00 0.0E+00 1.8E+00 1.2E+00 0.0E+00 
Cl4 1.2E+06 4.1E+01 0.0E+00 0.0E+00 0.0E+00 2.0E+01 3.0E+01 4.5E+01 6.4E+01 8.4E+01 7.9E+01 8.1E+01 5.8E+01 5.3E+01 3.6E+01 3.5E+01 4.0E+01 3.5E+01 5.9E+01 
PCB44 1.7E+05 4.5E+00 0.0E+00 0.0E+00 0.0E+00 2.8E+00 5.4E+00 7.2E+00 1.0E+01 1.1E+01 1.3E+01 1.3E+01 1.0E+01 8.4E+00 6.7E+00 7.0E+00 6.9E+00 6.5E+00 9.2E+00 
PCB49 8.7E+04 2.4E+00 0.0E+00 0.0E+00 0.0E+00 1.7E+00 2.5E+00 2.8E+00 4.3E+00 4.1E+00 5.4E+00 4.9E+00 3.7E+00 2.8E+00 2.1E+00 2.0E+00 2.5E+00 2.1E+00 2.8E+00 
PCB52 3.7E+05 9.4E+00 0.0E+00 0.0E+00 0.0E+00 5.2E+00 1.0E+01 1.5E+01 2.0E+01 2.1E+01 2.5E+01 2.5E+01 2.0E+01 1.7E+01 1.5E+01 1.5E+01 1.4E+01 1.3E+01 1.9E+01 
PCB66 7.7E+04 1.5E+00 0.0E+00 0.0E+00 0.0E+00 3.2E-01 7.7E-01 1.0E+00 1.8E+00 2.1E+00 2.8E+00 2.2E+00 1.4E+00 1.8E+00 3.8E-01 5.6E-01 9.3E-01 1.5E+00 1.1E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 2.3E+06 4.6E+01 0.0E+00 0.0E+00 0.0E+00 1.7E+01 1.5E+01 3.8E+01 3.7E+01 6.0E+01 7.4E+01 8.1E+01 4.8E+01 4.9E+01 1.4E+01 2.5E+01 2.1E+01 2.9E+01 4.0E+01 
PCB87 2.1E+05 3.5E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.2E-01 1.7E+00 2.4E+00 3.7E+00 3.8E+00 4.0E+00 2.6E+00 2.4E+00 0.0E+00 1.3E+00 1.7E+00 0.0E+00 0.0E+00 
PCB101 4.2E+05 4.6E+00 0.0E+00 0.0E+00 0.0E+00 5.8E-01 1.7E+00 3.7E+00 4.6E+00 6.4E+00 7.4E+00 7.1E+00 4.4E+00 4.2E+00 1.9E+00 2.3E+00 2.2E+00 1.3E+00 2.3E+00 











 



 
 



C-13



Field ID 



PSNS-
636-62-



4A 



PSNS-
636-62-
4A-B68 



PSNS-
636-62-
4A-B7 



PSNS-
636-62-
4A-T1 



PSNS-
636-62-
4A-T11



PSNS-
636-62-
4A-T13



PSNS-
636-62-
4A-T15



PSNS-
636-62-
4A-T17



PSNS-
636-62-
4A-T21



PSNS-
636-62-
4A-T24



PSNS-
636-62-
4A-T26 



PSNS-
636-62-
4A-T29



PSNS-
636-62-
4A-T32



PSNS-
636-62-
4A-T36



PSNS-
636-62-
4A-T39



PSNS-
636-62-
4A-T42



PSNS-
636-62-
4A-T45



PSNS-
636-62-
4A-T47



PSNS-
636-62-
4A-T49 



PCB105 1.4E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.3E-01 1.4E+00 0.0E+00 1.9E+00 0.0E+00 0.0E+00 0.0E+00 5.0E-01 0.0E+00 0.0E+00 0.0E+00 
PCB114 9.6E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 3.9E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.8E-01 1.6E+00 2.3E+00 4.1E+00 4.4E+00 4.3E+00 0.0E+00 1.7E+00 0.0E+00 8.9E-01 0.0E+00 0.0E+00 0.0E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 8.6E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB128 4.9E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 2.1E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 2.0E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB156 2.7E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 1.0E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 9.4E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 9.4E+04 0.0E+00 0.0E+00 4.9E+00 4.5E+00 8.6E+00 7.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 1.0E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 1.3E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 7.9E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 7.5E-01 7.4E-01 8.3E-01 1.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 4.5E+06 8.7E+01 0.0E+00 4.9E+00 4.5E+00 7.0E+01 1.0E+02 1.1E+02 1.2E+02 1.6E+02 2.0E+02 2.1E+02 1.4E+02 1.6E+02 1.1E+02 8.5E+01 9.2E+01 9.7E+01 1.5E+02 
 
 
Black Rubber Pipe Hanger Liner (BRPHL) Experiment: Mass Balance 
 











 



 
 



C-14



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
Cl1 3.1E+03 1.3E+02 3.2E+03 1.1E-06 7.1E-02  6.9E+00  
Cl2 1.9E+04 1.6E+02 1.9E+04 6.6E-06 4.2E-01  8.5E+00  
PCB8 3.7E+03 1.9E+01 3.7E+03 1.3E-06  8.2E-02  1.0E+00 
Cl3 6.3E+04 2.2E+02 6.3E+04 2.2E-05 1.4E+00  1.2E+01  
PCB18 5.9E+03 2.5E+01 5.9E+03 2.0E-06  1.3E-01  1.3E+00 
PCB28 2.0E+04 3.1E+01 2.0E+04 6.9E-06  4.4E-01  1.7E+00 
Cl4 1.2E+06 7.6E+02 1.2E+06 4.1E-04 2.6E+01  4.0E+01  
PCB44 1.7E+05 1.2E+02 1.7E+05 5.8E-05  3.7E+00  6.5E+00 
PCB49 8.7E+04 4.6E+01 8.7E+04 3.0E-05  1.9E+00  2.4E+00 
PCB52 3.7E+05 2.4E+02 3.7E+05 1.3E-04  8.2E+00  1.3E+01 
PCB66 7.7E+04 2.0E+01 7.7E+04 2.6E-05  1.7E+00  1.1E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl5 2.3E+06 5.9E+02 2.3E+06 7.9E-04 5.1E+01  3.1E+01  
PCB87 2.1E+05 2.8E+01 2.1E+05 7.2E-05  4.6E+00  1.5E+00 
PCB101 4.2E+05 5.5E+01 4.2E+05 1.4E-04  9.3E+00  2.9E+00 
PCB105 1.4E+05 4.5E+00 1.4E+05 4.8E-05  3.1E+00  2.4E-01 
PCB114 9.6E+03 0.0E+00 9.6E+03 3.3E-06  2.1E-01  0.0E+00 
PCB118 3.9E+05 2.0E+01 3.9E+05 1.3E-04  8.6E+00  1.1E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl6 8.6E+05 0.0E+00 8.6E+05 3.0E-04 1.9E+01  0.0E+00  
PCB128 4.9E+04 0.0E+00 4.9E+04 1.7E-05  1.1E+00  0.0E+00 
PCB138 2.1E+05 0.0E+00 2.1E+05 7.2E-05  4.6E+00  0.0E+00 
PCB153 2.0E+05 0.0E+00 2.0E+05 6.9E-05  4.4E+00  0.0E+00 
PCB156 2.7E+04 0.0E+00 2.7E+04 9.3E-06  5.9E-01  0.0E+00 
PCB157 1.0E+04 0.0E+00 1.0E+04 3.4E-06  2.2E-01  0.0E+00 
PCB167 9.4E+03 0.0E+00 9.4E+03 3.2E-06  2.1E-01  0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl7 9.4E+04 2.5E+01 9.4E+04 3.2E-05 2.1E+00  1.3E+00  
PCB170 1.0E+04 0.0E+00 1.0E+04 3.4E-06  2.2E-01  0.0E+00 
PCB180 1.3E+04 0.0E+00 1.3E+04 4.5E-06  2.9E-01  0.0E+00 
PCB183 7.9E+03 0.0E+00 7.9E+03 2.7E-06  1.7E-01  0.0E+00 
PCB184 0.0E+00 3.4E+00 3.4E+00 1.2E-09  7.4E-05  1.8E-01 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
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 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
tPCBs 4.5E+06 1.9E+03 4.5E+06 1.6E-03     



 
 
Electrical Cable (EC) Experiment: Analytical Results (ng/L) 
 
Sample ID 01-18-



6-L-3B 
01-18-



6-L-3B-
B68 



01-18-
6-L-3B-



B9 



01-18-
6-L-3B-



T11 



01-18-
6-L-3B-



T13 



01-18-
6-L-3B-



T2 



01-18-
6-L-3B-



T21 



01-18-
6-L-3B-



T23 



01-18-
6-L-3B-



T27 



01-18-
6-L-3B-



T30 



01-18-
6-L-3B-



T32 



01-18-
6-L-3B-



T35 



01-18-
6-L-3B-



T38 



01-18-6-
L-3B-
T41 



01-18-6-
L-3B-
T44 



01-18-6-
L-3B-
T47 



01-18-6-
L-3B-
T50 



01-18-
6-L-



3B-T52



01-18-6-
L-3B-
T54 



Sample Date 7/5/01 7/5/01 5/3/00 3/9/00 3/14/00 3/8/00 3/28/00 4/18/00 5/9/00 6/6/00 7/11/00 8/22/00 10/3/00 11/14/00 1/2/01 2/13/01 3/27/01 4/24/01 6/26/01 
Units ng ng ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
Cl1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                    
Qual_Cl1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl2 0 0 0 0 47 0 0 6 0 19 0 0 0 0 0 0 0 0 0 
Qual_Cl2 ND ND ND ND  ND ND  ND  ND ND ND ND ND ND ND ND ND 
PCB8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl3 17000 0 0 0 0 0 0 0.62 0 0 1.9 0 0 0 0 0 0 0 0 
Qual_Cl3 J ND ND ND ND ND ND J ND ND J ND ND ND ND ND ND ND ND 
PCB18 0 0 0 0 0 0 0 0.41 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB18 ND ND ND ND ND ND ND J ND ND ND ND ND ND ND ND ND ND ND 
PCB28 15000 0 0 0 0 0 0 0 0 0 1.5 0 0 0 0 0 0 0 0 
Qual_PCB28 J ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND ND ND 
Cl4 34000



00 
38 0 0 8.2 0 25 39 31 36 40 43 53 39 35 33 51 46 38 



Qual_Cl4   ND ND  ND              
PCB44 40000



0 
3.6 0 0 1.7 0 4.3 5.1 6.1 6 6.4 6.6 8.2 5.6 4.3 5.2 7.6 5.5 4.9 
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Sample ID 01-18-
6-L-3B 



01-18-
6-L-3B-



B68 



01-18-
6-L-3B-



B9 



01-18-
6-L-3B-



T11 



01-18-
6-L-3B-



T13 



01-18-
6-L-3B-



T2 



01-18-
6-L-3B-



T21 



01-18-
6-L-3B-



T23 



01-18-
6-L-3B-



T27 



01-18-
6-L-3B-



T30 



01-18-
6-L-3B-



T32 



01-18-
6-L-3B-



T35 



01-18-
6-L-3B-



T38 



01-18-6-
L-3B-
T41 



01-18-6-
L-3B-
T44 



01-18-6-
L-3B-
T47 



01-18-6-
L-3B-
T50 



01-18-
6-L-



3B-T52



01-18-6-
L-3B-
T54 



Qual_PCB44  J ND ND J ND         J    J 
PCB49 16000



0 
1.4 0 0 0.95 0 1.7 1.9 1.8 1.9 1.9 1.7 3 2 0 1.3 2.7 1.8 2 



Qual_PCB49  J ND ND J ND J J J J J J J J ND J J J J 
PCB52 88000



0 
8.7 0 0 3 0 8.4 10 11 11 14 13 18 12 11 12 18 12 11 



Qual_PCB52   ND ND  ND              
PCB66 19000



0 
1.2 0 0 0 0 0.83 1.2 1.4 0.74 1 1.5 2.3 1.2 0.89 1.1 1.6 1.6 0 



Qual_PCB66  J ND ND ND ND J J J J J J J J J J J J ND 
PCB77 0 0 0 0 0 0 0 0 0 0 1.5 0 0 0 0 0 0 0 0 
Qual_PCB77 ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND ND ND 
Cl5 16000



000 
100 0 0 17 0 32 64 61 63 67 88 120 53 22 50 64 73 42 



Qual_Cl5   ND ND  ND              
PCB87 13000



00 
5.3 0 0 0 0 1.9 2.9 3.7 3.7 4.7 4.2 4.4 3.8 0 3.2 6.6 4.6 2.3 



Qual_PCB87   ND ND ND ND J       J ND   J J 
PCB101 24000



00 
9.8 0 0 0.88 0 3.3 5.4 6.6 7 9.6 7 7.6 5.4 3.7 5.2 10 5.4 3.8 



Qual_PCB101   ND ND J ND         J    J 
PCB105 12000



00 
2.9 0 0 0 0 0.85 1.3 1.6 1.7 3 1.5 0 1.4 0 1.1 2.6 0 0 



Qual_PCB105  J ND ND ND ND J J J J  J ND J ND J J ND ND 
PCB114 52000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB114 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB118 29000



00 
5.7 0 0 0 0 1.8 3.6 4.4 5.3 6.5 4.4 3.5 2.9 0 2.4 4.9 2.1 0 



Qual_PCB118   ND ND ND ND J      J J ND J J J ND 
PCB123 38000



0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



Qual_PCB123  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB126 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl6 10000



000 
25 0 0 0 0 2.7 16 0 22 40 28 0 0 0 12 20 0 0 



Qual_Cl6   ND ND ND ND   ND    ND ND ND   ND ND 
PCB128 65000 0 0 0 0 0 0 0 0 0 2.3 0 0 0 0 0 0 0 0 
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Sample ID 01-18-
6-L-3B 



01-18-
6-L-3B-



B68 



01-18-
6-L-3B-



B9 



01-18-
6-L-3B-



T11 



01-18-
6-L-3B-



T13 



01-18-
6-L-3B-



T2 



01-18-
6-L-3B-



T21 



01-18-
6-L-3B-



T23 



01-18-
6-L-3B-



T27 



01-18-
6-L-3B-



T30 



01-18-
6-L-3B-



T32 



01-18-
6-L-3B-



T35 



01-18-
6-L-3B-



T38 



01-18-6-
L-3B-
T41 



01-18-6-
L-3B-
T44 



01-18-6-
L-3B-
T47 



01-18-6-
L-3B-
T50 



01-18-
6-L-



3B-T52



01-18-6-
L-3B-
T54 



0 
Qual_PCB128  ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND ND ND 
PCB138 26000



00 
3.9 0 0 0 0 0 0.76 0 2.2 2.6 1.6 0 0 0 1.2 2.9 0 0 



Qual_PCB138  J ND ND ND ND ND J ND J J J ND ND ND J J ND ND 
PCB153 30000



00 
3.7 0 0 0 0 0 0 0 1.9 3 2.7 0 0 0 1.1 2.6 0 0 



Qual_PCB153  J ND ND ND ND ND ND ND J   ND ND ND J J ND ND 
PCB156 36000



0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



Qual_PCB156  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB157 13000



0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



Qual_PCB157  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB167 14000



0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



Qual_PCB167  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB169 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB169 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl7 27000



00 
0 0 0 3.4 0 8.9 0 0 4.2 0 0 0 0 0 0 0 0 0 



Qual_Cl7  ND ND ND  ND  ND ND  ND ND ND ND ND ND ND ND ND 
PCB170 34000



0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



Qual_PCB170  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB180 33000



0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



Qual_PCB180  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB183 99000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB183  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB184 0 0 0 0 0.72 0 0.65 0 0 0.71 0 0 0 0 0 0 0 0 0 
Qual_PCB184 ND ND ND ND J ND  ND ND J ND ND ND ND ND ND ND ND ND 
PCB187 14000



0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



Qual_PCB187  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB189 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB189 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 











 



 
 



C-18



Sample ID 01-18-
6-L-3B 



01-18-
6-L-3B-



B68 



01-18-
6-L-3B-



B9 



01-18-
6-L-3B-



T11 



01-18-
6-L-3B-



T13 



01-18-
6-L-3B-



T2 



01-18-
6-L-3B-



T21 



01-18-
6-L-3B-



T23 



01-18-
6-L-3B-



T27 



01-18-
6-L-3B-



T30 



01-18-
6-L-3B-



T32 



01-18-
6-L-3B-



T35 



01-18-
6-L-3B-



T38 



01-18-6-
L-3B-
T41 



01-18-6-
L-3B-
T44 



01-18-6-
L-3B-
T47 



01-18-6-
L-3B-
T50 



01-18-
6-L-



3B-T52



01-18-6-
L-3B-
T54 



Cl8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB195 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB195 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl9 0 0 0 0 0 0 0 0 0 0 2.5 0 0 0 0 0 0 0 0 
Qual_Cl9 ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND ND ND 
PCB206 0 0 0 0 0 0 0 0 0 0 1.6 0 0 0 0 0 0 0 0 
Qual_PCB206 ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND ND ND 
Cl10 0 0 0 0 0 0 0 0 0 0 1.4 0 0 0 0 0 0 0 0 
Qual_Cl10 ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND ND ND 
PCB209 0 0 0 0 0 0 0 0 0 0 1.4 0 0 0 0 0 0 0 0 
Qual_PCB209 ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND ND ND 
Min Reporting 
Limit 



88000 5 2.6 2.7 2.6 2.7 2.7 2.7 2.7 2.9 2.7 2.7 3.6 5.4 5.4 2.7 5.4 5.4 5.4 



MDL_cong_Cl1 17000 0.5 0.53 0.54 0.53 0.54 0.55 0.54 0.54 0.58 0.54 0.54 0.72 0.54 0.54 0.27 0.54 0.54 0.54 
MDL_cong_Cl2 17000 0.5 0.53 0.54 0.53 0.54 0.55 0.54 0.54 0.58 0.54 0.54 0.72 0.54 0.54 0.27 0.54 0.54 0.54 
MDL8 6400 0.42 0.45 0.46 0.45 0.46 0.46 0.46 0.46 0.49 0.45 0.45 0.61 0.46 0.46 0.23 0.45 0.45 0.45 
MDL_cong_Cl3 17000 0.5 0.53 0.54 0.53 0.54 0.55 0.54 0.54 0.58 0.54 0.54 0.72 0.54 0.54 0.27 0.54 0.54 0.54 
MDL18 7600 0.64 0.68 0.69 0.68 0.69 0.7 0.69 0.69 0.74 0.69 0.69 0.92 0.69 0.69 0.35 0.69 0.69 0.69 
MDL28 8000 0.53 0.56 0.57 0.56 0.57 0.58 0.57 0.57 0.61 0.56 0.56 0.76 0.57 0.57 0.28 0.56 0.56 0.56 
MDL_cong_Cl4 17000 0.5 0.53 0.54 0.53 0.54 0.55 0.54 0.54 0.58 0.54 0.54 0.72 0.54 0.54 0.27 0.54 0.54 0.54 
MDL44 6500 0.67 0.71 0.73 0.71 0.73 0.74 0.73 0.73 0.78 0.72 0.72 0.97 0.73 0.73 0.36 0.72 0.72 0.72 
MDL49 17000 0.75 0.79 0.81 0.79 0.81 0.82 0.81 0.81 0.87 0.8 0.8 1.1 0.81 0.81 0.4 0.8 0.8 0.8 
MDL52 8300 0.29 0.31 0.32 0.31 0.32 0.32 0.32 0.32 0.34 0.32 0.32 0.43 0.32 0.32 0.16 0.32 0.32 0.32 
MDL66 9600 0.64 0.68 0.7 0.68 0.7 0.71 0.7 0.7 0.75 0.69 0.69 0.93 0.7 0.7 0.35 0.69 0.69 0.69 
MDL77 12000 0.56 0.59 0.61 0.6 0.61 0.62 0.61 0.61 0.65 0.6 0.6 0.81 0.61 0.61 0.3 0.6 0.6 0.6 
MDL_cong_Cl5 17000 0.5 0.53 0.54 0.53 0.54 0.55 0.54 0.54 0.58 0.54 0.54 0.72 0.54 0.54 0.27 0.54 0.54 0.54 
MDL87 17000 0.77 0.81 0.83 0.81 0.83 0.84 0.83 0.83 0.89 0.82 0.82 1.1 0.83 0.83 0.42 0.82 0.82 0.82 
MDL101 7100 0.36 0.38 0.39 0.38 0.39 0.4 0.39 0.39 0.42 0.39 0.39 0.52 0.39 0.39 0.2 0.39 0.39 0.39 
MDL105 12000 0.41 0.43 0.44 0.43 0.44 0.45 0.44 0.44 0.47 0.44 0.44 0.59 0.44 0.44 0.22 0.44 0.44 0.44 
MDL114 17000 0.68 0.72 0.74 0.72 0.74 0.74 0.74 0.74 0.79 0.73 0.73 0.98 0.74 0.74 0.37 0.73 0.73 0.73 
MDL118 17000 0.66 0.7 0.71 0.7 0.71 0.72 0.71 0.71 0.76 0.7 0.7 0.95 0.71 0.71 0.36 0.7 0.7 0.7 
MDL123 17000 0.77 0.82 0.84 0.82 0.84 0.85 0.84 0.84 0.9 0.83 0.83 1.1 0.84 0.84 0.42 0.83 0.83 0.83 
MDL126 26000 0.67 0.71 0.73 0.71 0.73 0.74 0.73 0.73 0.78 0.72 0.72 0.97 0.73 0.73 0.36 0.72 0.72 0.72 
MDL_cong_Cl6 17000 0.5 0.53 0.54 0.53 0.54 0.55 0.54 0.54 0.58 0.54 0.54 0.72 0.54 0.54 0.27 0.54 0.54 0.54 











 



 
 



C-19



Sample ID 01-18-
6-L-3B 



01-18-
6-L-3B-



B68 



01-18-
6-L-3B-



B9 



01-18-
6-L-3B-



T11 



01-18-
6-L-3B-



T13 



01-18-
6-L-3B-



T2 



01-18-
6-L-3B-



T21 



01-18-
6-L-3B-



T23 



01-18-
6-L-3B-



T27 



01-18-
6-L-3B-



T30 



01-18-
6-L-3B-



T32 



01-18-
6-L-3B-



T35 



01-18-
6-L-3B-



T38 



01-18-6-
L-3B-
T41 



01-18-6-
L-3B-
T44 



01-18-6-
L-3B-
T47 



01-18-6-
L-3B-
T50 



01-18-
6-L-



3B-T52



01-18-6-
L-3B-
T54 



MDL128 12000 0.25 0.26 0.27 0.26 0.27 0.27 0.27 0.27 0.29 0.27 0.27 0.36 0.27 0.27 0.14 0.27 0.27 0.27 
MDL138 17000 0.55 0.58 0.59 0.58 0.59 0.6 0.59 0.59 0.63 0.59 0.59 0.79 0.59 0.59 0.3 0.59 0.59 0.59 
MDL153 13000 0.27 0.28 0.29 0.28 0.29 0.29 0.29 0.29 0.31 0.29 0.29 0.39 0.29 0.29 0.14 0.29 0.29 0.29 
MDL156 17000 0.62 0.66 0.67 0.66 0.67 0.68 0.67 0.67 0.72 0.67 0.67 0.9 0.67 0.67 0.34 0.67 0.67 0.67 
MDL157 17000 0.61 0.64 0.66 0.65 0.66 0.67 0.66 0.66 0.71 0.65 0.65 0.88 0.66 0.66 0.33 0.65 0.65 0.65 
MDL167 17000 0.64 0.68 0.69 0.68 0.69 0.7 0.69 0.69 0.74 0.68 0.68 0.92 0.69 0.69 0.34 0.68 0.68 0.68 
MDL169 17000 0.59 0.63 0.64 0.63 0.64 0.65 0.64 0.64 0.69 0.63 0.63 0.86 0.64 0.64 0.32 0.63 0.63 0.63 
MDL-cong_Cl7 17000 0.5 0.53 0.54 0.53 0.54 0.55 0.54 0.54 0.58 0.54 0.54 0.72 0.54 0.54 0.27 0.54 0.54 0.54 
MDL170 7800 0.64 0.68 0.69 0.68 0.69 0.7 0.69 0.69 0.74 0.68 0.68 0.92 0.69 0.69 0.34 0.68 0.68 0.68 
MDL180 17000 0.65 0.69 0.71 0.69 0.71 0.72 0.71 0.71 0.76 0.7 0.7 0.94 0.71 0.71 0.35 0.7 0.7 0.7 
MDL183 17000 0.37 0.39 0.4 0.39 0.4 0.41 0.4 0.4 0.43 0.4 0.4 0.54 0.4 0.4 0.2 0.4 0.4 0.4 
MDL184 17000 0.5 0.54 0.55 0.54 0.55 0.55 0.55 0.55 0.59 0.54 0.54 0.73 0.55 0.55 0.27 0.54 0.54 0.54 
MDL187 7500 0.65 0.69 0.71 0.69 0.71 0.72 0.71 0.71 0.76 0.7 0.7 0.94 0.71 0.71 0.35 0.7 0.7 0.7 
MDL189 17000 0.71 0.75 0.77 0.75 0.77 0.78 0.77 0.77 0.82 0.76 0.76 1 0.77 0.77 0.38 0.76 0.76 0.76 
MDL_cong_Cl8 17000 0.5 0.53 0.54 0.53 0.54 0.55 0.54 0.54 0.58 0.54 0.54 0.72 0.54 0.54 0.27 0.54 0.54 0.54 
MDL195 12000 0.58 0.62 0.63 0.62 0.63 0.64 0.63 0.63 0.68 0.62 0.62 0.84 0.63 0.63 0.32 0.62 0.62 0.62 
MDL_cong_Cl9 17000 0.5 0.53 0.54 0.53 0.54 0.55 0.54 0.54 0.58 0.54 0.54 0.72 0.54 0.54 0.27 0.54 0.54 0.54 
MDL206 19000 0.23 0.24 0.24 0.24 0.24 0.25 0.24 0.24 0.26 0.24 0.24 0.33 0.24 0.24 0.12 0.24 0.24 0.24 
MDL_cong_Cl10 13000 0.57 0.6 0.62 0.61 0.62 0.63 0.62 0.62 0.66 0.61 0.61 0.83 0.62 0.62 0.31 0.61 0.61 0.61 
MDL209 13000 0.57 0.6 0.62 0.61 0.62 0.63 0.62 0.62 0.66 0.61 0.61 0.83 0.62 0.62 0.31 0.61 0.61 0.61 
Sample Delivery 
Group 



NC34S
DG006 



NC34S
DG004 



NC22S
DG010 



NC22S
DG001 



NC22S
DG002



NC22S
DG001



NC22S
DG004



NC22S
DG007



NC22S
DG010



NC22S
DG014



NC22S
DG019 



NC22S
DG024



NC22S
DG054



NC28SD
G006 



NC28S
DG010



NC28S
DG013



NC28S
DG019



NC28S
DG023



NC34S
DG003 



Sample Size 1 1 0.94 0.92 0.94 0.92 0.91 0.92 0.92 0.86 0.93 0.93 0.69 0.92 0.92 0.92 0.93 0.93 0.93 
Size Units   L L L L L L L L L L L L L L L L L 



 
 
Electrical Cable (EC) Experiment: PCB Mass per Sample (ng) 
 
 
Field ID 01-18-6-



L-3B 
01-18-6-



L-3B-
B68 



01-18-6-
L-3B-B9 



01-18-6-
L-3B-
T11 



01-18-6-
L-3B-
T13 



01-18-6-
L-3B-T2



01-18-6-
L-3B-
T21 



01-18-6-
L-3B-
T23 



01-18-6-
L-3B-
T27 



01-18-6-
L-3B-
T30 



01-18-6-
L-3B-
T32 



01-18-6-
L-3B-
T35 



01-18-6-
L-3B-
T38 



01-18-6-
L-3B-
T41 



01-18-6-
L-3B-
T44 



01-18-6-
L-3B-
T47 



01-18-6-
L-3B-
T50 



01-18-6-
L-3B-
T52 



01-18-6-
L-3B-
T54 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.4E+01 0.0E+00 0.0E+00 5.5E+00 0.0E+00 1.6E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



C-20



Field ID 01-18-6-
L-3B 



01-18-6-
L-3B-
B68 



01-18-6-
L-3B-B9 



01-18-6-
L-3B-
T11 



01-18-6-
L-3B-
T13 



01-18-6-
L-3B-T2



01-18-6-
L-3B-
T21 



01-18-6-
L-3B-
T23 



01-18-6-
L-3B-
T27 



01-18-6-
L-3B-
T30 



01-18-6-
L-3B-
T32 



01-18-6-
L-3B-
T35 



01-18-6-
L-3B-
T38 



01-18-6-
L-3B-
T41 



01-18-6-
L-3B-
T44 



01-18-6-
L-3B-
T47 



01-18-6-
L-3B-
T50 



01-18-6-
L-3B-
T52 



01-18-6-
L-3B-
T54 



Cl3 1.7E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.7E-01 0.0E+00 0.0E+00 1.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.8E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB28 1.5E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl4 3.4E+06 3.8E+01 0.0E+00 0.0E+00 7.7E+00 0.0E+00 2.3E+01 3.6E+01 2.9E+01 3.1E+01 3.7E+01 4.0E+01 3.7E+01 3.6E+01 3.2E+01 3.0E+01 4.7E+01 4.3E+01 3.5E+01 
PCB44 4.0E+05 3.6E+00 0.0E+00 0.0E+00 1.6E+00 0.0E+00 3.9E+00 4.7E+00 5.6E+00 5.2E+00 6.0E+00 6.1E+00 5.7E+00 5.2E+00 4.0E+00 4.8E+00 7.1E+00 5.1E+00 4.6E+00 
PCB49 1.6E+05 1.4E+00 0.0E+00 0.0E+00 8.9E-01 0.0E+00 1.5E+00 1.7E+00 1.7E+00 1.6E+00 1.8E+00 1.6E+00 2.1E+00 1.8E+00 0.0E+00 1.2E+00 2.5E+00 1.7E+00 1.9E+00 
PCB52 8.8E+05 8.7E+00 0.0E+00 0.0E+00 2.8E+00 0.0E+00 7.6E+00 9.2E+00 1.0E+01 9.5E+00 1.3E+01 1.2E+01 1.2E+01 1.1E+01 1.0E+01 1.1E+01 1.7E+01 1.1E+01 1.0E+01 
PCB66 1.9E+05 1.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.6E-01 1.1E+00 1.3E+00 6.4E-01 9.3E-01 1.4E+00 1.6E+00 1.1E+00 8.2E-01 1.0E+00 1.5E+00 1.5E+00 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 1.6E+07 1.0E+02 0.0E+00 0.0E+00 1.6E+01 0.0E+00 2.9E+01 5.9E+01 5.6E+01 5.4E+01 6.2E+01 8.2E+01 8.3E+01 4.9E+01 2.0E+01 4.6E+01 6.0E+01 6.8E+01 3.9E+01 
PCB87 1.3E+06 5.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.7E+00 2.7E+00 3.4E+00 3.2E+00 4.4E+00 3.9E+00 3.0E+00 3.5E+00 0.0E+00 2.9E+00 6.1E+00 4.3E+00 2.1E+00 
PCB101 2.4E+06 9.8E+00 0.0E+00 0.0E+00 8.3E-01 0.0E+00 3.0E+00 5.0E+00 6.1E+00 6.0E+00 8.9E+00 6.5E+00 5.2E+00 5.0E+00 3.4E+00 4.8E+00 9.3E+00 5.0E+00 3.5E+00 
PCB105 1.2E+06 2.9E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.7E-01 1.2E+00 1.5E+00 1.5E+00 2.8E+00 1.4E+00 0.0E+00 1.3E+00 0.0E+00 1.0E+00 2.4E+00 0.0E+00 0.0E+00 
PCB114 5.2E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 2.9E+06 5.7E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.6E+00 3.3E+00 4.0E+00 4.6E+00 6.0E+00 4.1E+00 2.4E+00 2.7E+00 0.0E+00 2.2E+00 4.6E+00 2.0E+00 0.0E+00 
PCB123 3.8E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 1.0E+07 2.5E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.5E+00 1.5E+01 0.0E+00 1.9E+01 3.7E+01 2.6E+01 0.0E+00 0.0E+00 0.0E+00 1.1E+01 1.9E+01 0.0E+00 0.0E+00 
PCB128 6.5E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.1E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 2.6E+06 3.9E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.0E-01 0.0E+00 1.9E+00 2.4E+00 1.5E+00 0.0E+00 0.0E+00 0.0E+00 1.1E+00 2.7E+00 0.0E+00 0.0E+00 
PCB153 3.0E+06 3.7E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.6E+00 2.8E+00 2.5E+00 0.0E+00 0.0E+00 0.0E+00 1.0E+00 2.4E+00 0.0E+00 0.0E+00 
PCB156 3.6E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 1.3E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 1.4E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 2.7E+06 0.0E+00 0.0E+00 0.0E+00 3.2E+00 0.0E+00 8.1E+00 0.0E+00 0.0E+00 3.6E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 3.4E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 3.3E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 9.9E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 6.8E-01 0.0E+00 5.9E-01 0.0E+00 0.0E+00 6.1E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 1.4E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
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Field ID 01-18-6-
L-3B 



01-18-6-
L-3B-
B68 



01-18-6-
L-3B-B9 



01-18-6-
L-3B-
T11 



01-18-6-
L-3B-
T13 



01-18-6-
L-3B-T2



01-18-6-
L-3B-
T21 



01-18-6-
L-3B-
T23 



01-18-6-
L-3B-
T27 



01-18-6-
L-3B-
T30 



01-18-6-
L-3B-
T32 



01-18-6-
L-3B-
T35 



01-18-6-
L-3B-
T38 



01-18-6-
L-3B-
T41 



01-18-6-
L-3B-
T44 



01-18-6-
L-3B-
T47 



01-18-6-
L-3B-
T50 



01-18-6-
L-3B-
T52 



01-18-6-
L-3B-
T54 



PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 3.2E+07 1.6E+02 0.0E+00 0.0E+00 7.1E+01 0.0E+00 6.2E+01 1.2E+02 8.5E+01 1.2E+02 1.4E+02 1.5E+02 1.2E+02 8.5E+01 5.2E+01 8.7E+01 1.3E+02 1.1E+02 7.4E+01 



 
 
Electrical Cable (EC) Experiment: Mass Balance 
 



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
Cl2 0.0E+00 6.6E+01 6.6E+01 2.5E-09 2.1E-04  4.2E+00  
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl3 1.7E+04 2.3E+00 1.7E+04 6.4E-07 5.3E-02  1.5E-01  
PCB18 0.0E+00 3.8E-01 3.8E-01 1.4E-11  1.2E-06  2.4E-02 
PCB28 1.5E+04 1.4E+00 1.5E+04 5.7E-07  4.7E-02  8.9E-02 
Cl4 3.4E+06 5.0E+02 3.4E+06 1.3E-04 1.1E+01  3.2E+01  
PCB44 4.0E+05 7.3E+01 4.0E+05 1.5E-05  1.2E+00  4.7E+00 
PCB49 1.6E+05 2.3E+01 1.6E+05 6.0E-06  5.0E-01  1.5E+00 
PCB52 8.8E+05 1.6E+02 8.8E+05 3.3E-05  2.7E+00  1.0E+01 
PCB66 1.9E+05 1.5E+01 1.9E+05 7.2E-06  5.9E-01  9.5E-01 
PCB77 0.0E+00 1.4E+00 1.4E+00 5.3E-11  4.3E-06  8.9E-02 
Cl5 1.6E+07 8.2E+02 1.6E+07 6.0E-04 5.0E+01  5.3E+01  
PCB87 1.3E+06 4.7E+01 1.3E+06 4.9E-05  4.0E+00  3.0E+00 
PCB101 2.4E+06 8.2E+01 2.4E+06 9.0E-05  7.5E+00  5.3E+00 
PCB105 1.2E+06 1.7E+01 1.2E+06 4.5E-05  3.7E+00  1.1E+00 
PCB114 5.2E+04 0.0E+00 5.2E+04 2.0E-06  1.6E-01  0.0E+00 
PCB118 2.9E+06 4.3E+01 2.9E+06 1.1E-04  9.0E+00  2.8E+00 
PCB123 3.8E+05 0.0E+00 3.8E+05 1.4E-05  1.2E+00  0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl6 1.0E+07 1.5E+02 1.0E+07 3.8E-04 3.1E+01  9.8E+00  
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 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
PCB128 6.5E+05 2.1E+00 6.5E+05 2.4E-05  2.0E+00  1.4E-01 
PCB138 2.6E+06 1.4E+01 2.6E+06 9.8E-05  8.1E+00  9.1E-01 
PCB153 3.0E+06 1.4E+01 3.0E+06 1.1E-04  9.3E+00  9.0E-01 
PCB156 3.6E+05 0.0E+00 3.6E+05 1.4E-05  1.1E+00  0.0E+00 
PCB157 1.3E+05 0.0E+00 1.3E+05 4.9E-06  4.0E-01  0.0E+00 
PCB167 1.4E+05 0.0E+00 1.4E+05 5.3E-06  4.4E-01  0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl7 2.7E+06 1.5E+01 2.7E+06 1.0E-04 8.4E+00  9.5E-01  
PCB170 3.4E+05 0.0E+00 3.4E+05 1.3E-05  1.1E+00  0.0E+00 
PCB180 3.3E+05 0.0E+00 3.3E+05 1.2E-05  1.0E+00  0.0E+00 
PCB183 9.9E+04 0.0E+00 9.9E+04 3.7E-06  3.1E-01  0.0E+00 
PCB184 0.0E+00 1.9E+00 1.9E+00 7.1E-11  5.8E-06  1.2E-01 
PCB187 1.4E+05 0.0E+00 1.4E+05 5.3E-06  4.4E-01  0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl9 0.0E+00 2.3E+00 2.3E+00 8.8E-11 7.2E-06  1.5E-01  
PCB206 0.0E+00 1.5E+00 1.5E+00 5.6E-11  4.6E-06  9.5E-02 
Cl10 0.0E+00 1.3E+00 1.3E+00 4.9E-11 4.1E-06  8.3E-02  
PCB209 0.0E+00 1.3E+00 1.3E+00 4.9E-11  4.1E-06  8.3E-02 
tPCBs 3.2E+07 1.6E+03 3.2E+07 1.2E-03     



 
 
Foam Rubber/Ensolite® (FRE) Experiment: Analytical Results (ng/L) 
 
Sample ID PSNS-



647-165-
9A 



PSNS-
647-165-
9A-B67 



PSNS-
647-165-
9A-B13 



PSNS-
647-165-
9A-T1 



PSNS-
647-165-
9A-T11



PSNS-
647-165-
9A-T13



PSNS-
647-165-
9A-T16



PSNS-
647-165-
9A-T18



PSNS-
647-165-
9A-T23



PSNS-
647-165-
9A-T25 



PSNS-
647-165-
9A-T28



PSNS-
647-165-
9A-T31



PSNS-
647-165-
9A-T35



PSNS-
647-165-
9A-T38



PSNS-
647-165-
9A-T41



PSNS-
647-165-
9A-T44



PSNS-
647-165-
9A-T46



PSNS-
647-165-
9A-T48 



Sample Date 7/5/01 7/5/01 6/6/00 3/14/00 3/15/00 3/21/00 4/4/00 4/25/00 5/24/00 6/27/00 8/8/00 9/19/00 10/31/00 12/12/00 1/23/01 3/6/01 4/17/01 6/26/01 
Units ng ng ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
Cl1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl2 0 0 0 0 17 5 24 22 4 20 4.4 3.6 24 3.8 3.2 14 14 20 
Qual_Cl2 ND ND ND ND        J  J J    
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Sample ID PSNS-
647-165-



9A 



PSNS-
647-165-
9A-B67 



PSNS-
647-165-
9A-B13 



PSNS-
647-165-
9A-T1 



PSNS-
647-165-
9A-T11



PSNS-
647-165-
9A-T13



PSNS-
647-165-
9A-T16



PSNS-
647-165-
9A-T18



PSNS-
647-165-
9A-T23



PSNS-
647-165-
9A-T25 



PSNS-
647-165-
9A-T28



PSNS-
647-165-
9A-T31



PSNS-
647-165-
9A-T35



PSNS-
647-165-
9A-T38



PSNS-
647-165-
9A-T41



PSNS-
647-165-
9A-T44



PSNS-
647-165-
9A-T46



PSNS-
647-165-
9A-T48 



PCB8 0 0 0 0 0 1.6 3 3.1 4 3.3 3.2 3.6 3.5 3.6 3.1 2.8 2.5 3.4 
Qual_PCB8 ND ND ND ND ND J      J J J J  J J 
Cl3 34000 1.4 0 0 1.7 6 15 9.7 11 13 14 14 15 11 12 11 17 16 
Qual_Cl3 J J ND ND J              
PCB18 0 0 0 0 0 1.4 2.7 2.9 3.4 2.7 3.3 3.2 1.2 2.8 3 2.6 2.3 2.8 
Qual_PCB18 ND ND ND ND ND J      J J J J J J J 
PCB28 21000 1.3 0 0 1.4 2.2 4.1 4.3 4.2 4.3 4.1 4.3 4.2 3.4 2.8 2.5 2.6 3 
Qual_PCB28 J J ND ND J J      J J J J J J J 
Cl4 2600000 110 0 0 4.2 82 170 200 240 220 250 210 220 170 150 120 140 160 
Qual_Cl4   ND ND               
PCB44 340000 15 0 0 1.1 13 33 40 39 44 48 44 41 36 30 27 27 29 
Qual_PCB44   ND ND J              
PCB49 120000 4.8 0 0 0.52 4.4 10 12 12 13 13 13 11 10 8.1 7.7 8 7.6 
Qual_PCB49  J ND ND J              
PCB52 600000 28 0 0 1.5 24 61 71 76 77 79 78 72 63 56 52 52 55 
Qual_PCB52   ND ND J              
PCB66 180000 4.8 0 0 0 1.9 7.1 7.6 9.4 10 9.6 8.6 9.7 6.5 5.3 3.6 4.9 0 
Qual_PCB66  J ND ND ND J         J  J ND 
PCB77 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB77 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl5 1000000



0 
320 0 0 0 75 220 260 360 360 420 360 350 240 190 160 160 180 



Qual_Cl5   ND ND ND              
PCB87 910000 20 0 0 0 4.2 18 20 27 30 29 27 25 19 16 13 10 10 
Qual_PCB87   ND ND ND              
PCB101 1700000 33 0 0 0 7 29 34 47 51 48 47 42 27 22 17 15 16 
Qual_PCB101   ND ND ND              
PCB105 780000 8.7 0 0 0 1.6 7.3 9.3 13 16 14 13 11 7.2 6 3.4 3.1 3.3 
Qual_PCB105   ND ND ND J           J J 
PCB114 57000 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Qual_PCB114 J ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND 
PCB118 1800000 17 0 0 0 3.2 16 21 28 33 29 28 25 15 12 7.6 5.2 4.8 
Qual_PCB118   ND ND ND            J J 
PCB123 37000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB123 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
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Sample ID PSNS-
647-165-



9A 



PSNS-
647-165-
9A-B67 



PSNS-
647-165-
9A-B13 



PSNS-
647-165-
9A-T1 



PSNS-
647-165-
9A-T11



PSNS-
647-165-
9A-T13



PSNS-
647-165-
9A-T16



PSNS-
647-165-
9A-T18



PSNS-
647-165-
9A-T23



PSNS-
647-165-
9A-T25 



PSNS-
647-165-
9A-T28



PSNS-
647-165-
9A-T31



PSNS-
647-165-
9A-T35



PSNS-
647-165-
9A-T38



PSNS-
647-165-
9A-T41



PSNS-
647-165-
9A-T44



PSNS-
647-165-
9A-T46



PSNS-
647-165-
9A-T48 



PCB126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB126 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl6 8900000 110 0 0 0 0 32 48 88 83 140 96 120 72 78 38 48 0 
Qual_Cl6   ND ND ND ND            ND 
PCB128 440000 5.2 0 0 0 0 1.9 2.7 4 4.8 4.9 4.6 4.7 4.4 3.3 1.5 0 0 
Qual_PCB128   ND ND ND ND J     J J J J J ND ND 
PCB138 2000000 12 0 0 0 0 5.7 7.5 12 17 15 15 15 10 8.3 4.1 2.6 0 
Qual_PCB138   ND ND ND ND           J ND 
PCB153 2100000 13 0 0 0 0 5.7 7.8 6.4 15 14 15 14 8.8 6.8 3.9 0 0 
Qual_PCB153   ND ND ND ND           ND ND 
PCB156 280000 1.9 0 0 0 0 0.72 1 1.9 2.2 2 2.2 2.6 0 0 0 0 0 
Qual_PCB156  J ND ND ND ND J J J J J J J ND ND ND ND ND 
PCB157 99000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB157  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB167 100000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB167  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB169 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB169 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl7 1700000 0 0 0 6.6 5.2 28 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl7  ND ND ND    ND ND ND ND ND ND ND ND ND ND ND 
PCB170 240000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB170  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB180 300000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB180  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB183 81000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB183 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB184 0 0 0 0 0.72 0.79 0.81 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB184 ND ND ND ND J J J ND ND ND ND ND ND ND ND ND ND ND 
PCB187 91000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB187  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB189 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB189 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
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Sample ID PSNS-
647-165-



9A 



PSNS-
647-165-
9A-B67 



PSNS-
647-165-
9A-B13 



PSNS-
647-165-
9A-T1 



PSNS-
647-165-
9A-T11



PSNS-
647-165-
9A-T13



PSNS-
647-165-
9A-T16



PSNS-
647-165-
9A-T18



PSNS-
647-165-
9A-T23



PSNS-
647-165-
9A-T25 



PSNS-
647-165-
9A-T28



PSNS-
647-165-
9A-T31



PSNS-
647-165-
9A-T35



PSNS-
647-165-
9A-T38



PSNS-
647-165-
9A-T41



PSNS-
647-165-
9A-T44



PSNS-
647-165-
9A-T46



PSNS-
647-165-
9A-T48 



PCB195 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB195 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB206 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB206 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl10 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB209 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB209 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Min Reporting 
Limit 



88000 2.6 5 2.6 2.7 2.7 2.6 2.7 2.8 2.7 2.7 5.4 5.4 5.4 5.4 2.7 5.4 5.4 



MDL_cong_Cl1 17000 0.53 0.5 0.53 0.54 0.54 0.53 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL_cong_Cl2 17000 0.53 0.5 0.53 0.54 0.54 0.53 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL8 6400 0.45 0.42 0.45 0.46 0.45 0.45 0.46 0.47 0.45 0.45 0.92 0.46 0.45 0.45 0.23 0.46 0.46 
MDL_cong_Cl3 17000 0.53 0.5 0.53 0.54 0.54 0.53 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL18 7600 0.68 0.64 0.68 0.69 0.69 0.68 0.69 0.72 0.69 0.69 1.4 0.69 0.69 0.69 0.35 0.69 0.69 
MDL28 8000 0.56 0.53 0.56 0.57 0.56 0.56 0.57 0.59 0.56 0.56 1.1 0.57 0.56 0.56 0.28 0.57 0.57 
MDL_cong_Cl4 17000 0.53 0.5 0.53 0.54 0.54 0.53 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL44 6500 0.71 0.67 0.71 0.73 0.72 0.71 0.73 0.76 0.72 0.72 1.5 0.73 0.72 0.72 0.36 0.73 0.73 
MDL49 17000 0.79 0.75 0.79 0.81 0.8 0.79 0.81 0.84 0.8 0.8 1.6 0.81 0.8 0.8 0.4 0.81 0.81 
MDL52 8300 0.31 0.29 0.31 0.32 0.32 0.31 0.32 0.33 0.32 0.32 0.64 0.32 0.32 0.32 0.16 0.32 0.32 
MDL66 9600 0.68 0.64 0.68 0.7 0.69 0.68 0.7 0.72 0.69 0.69 1.4 0.7 0.69 0.69 0.35 0.7 0.7 
MDL77 12000 0.6 0.56 0.6 0.61 0.6 0.6 0.61 0.63 0.6 0.6 1.2 0.61 0.6 0.6 0.3 0.61 0.61 
MDL_cong_Cl5 17000 0.53 0.5 0.53 0.54 0.54 0.53 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL87 17000 0.81 0.77 0.81 0.83 0.82 0.81 0.83 0.86 0.82 0.82 1.7 0.83 0.82 0.82 0.42 0.83 0.83 
MDL101 7100 0.38 0.36 0.38 0.39 0.39 0.38 0.39 0.41 0.39 0.39 0.79 0.39 0.39 0.39 0.2 0.39 0.39 
MDL105 12000 0.43 0.41 0.43 0.44 0.44 0.43 0.44 0.46 0.44 0.44 0.88 0.44 0.44 0.44 0.22 0.44 0.44 
MDL114 17000 0.72 0.68 0.72 0.74 0.73 0.72 0.74 0.76 0.73 0.73 1.5 0.74 0.73 0.73 0.37 0.74 0.74 
MDL118 17000 0.7 0.66 0.7 0.71 0.7 0.7 0.71 0.74 0.7 0.7 1.4 0.71 0.7 0.7 0.36 0.71 0.71 
MDL123 17000 0.82 0.77 0.82 0.84 0.83 0.82 0.84 0.87 0.83 0.83 1.7 0.84 0.83 0.83 0.42 0.84 0.84 
MDL126 26000 0.71 0.67 0.71 0.73 0.72 0.71 0.73 0.76 0.72 0.72 1.5 0.73 0.72 0.72 0.36 0.73 0.73 
MDL_cong_Cl6 17000 0.53 0.5 0.53 0.54 0.54 0.53 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL128 12000 0.26 0.25 0.26 0.27 0.27 0.26 0.27 0.28 0.27 0.27 0.54 0.27 0.27 0.27 0.14 0.27 0.27 
MDL138 17000 0.58 0.55 0.58 0.59 0.59 0.58 0.59 0.61 0.59 0.59 1.2 0.59 0.59 0.59 0.3 0.59 0.59 











 



 
 



C-26



Sample ID PSNS-
647-165-



9A 



PSNS-
647-165-
9A-B67 



PSNS-
647-165-
9A-B13 



PSNS-
647-165-
9A-T1 



PSNS-
647-165-
9A-T11



PSNS-
647-165-
9A-T13



PSNS-
647-165-
9A-T16



PSNS-
647-165-
9A-T18



PSNS-
647-165-
9A-T23



PSNS-
647-165-
9A-T25 



PSNS-
647-165-
9A-T28



PSNS-
647-165-
9A-T31



PSNS-
647-165-
9A-T35



PSNS-
647-165-
9A-T38



PSNS-
647-165-
9A-T41



PSNS-
647-165-
9A-T44



PSNS-
647-165-
9A-T46



PSNS-
647-165-
9A-T48 



MDL153 13000 0.28 0.27 0.28 0.29 0.29 0.28 0.29 0.3 0.29 0.29 0.58 0.29 0.29 0.29 0.14 0.29 0.29 
MDL156 17000 0.66 0.62 0.66 0.67 0.67 0.66 0.67 0.7 0.67 0.67 1.3 0.67 0.67 0.67 0.34 0.67 0.67 
MDL157 17000 0.65 0.61 0.65 0.66 0.65 0.65 0.66 0.68 0.65 0.65 1.3 0.66 0.65 0.65 0.33 0.66 0.66 
MDL167 17000 0.68 0.64 0.68 0.69 0.68 0.68 0.69 0.71 0.68 0.68 1.4 0.69 0.68 0.68 0.34 0.69 0.69 
MDL169 17000 0.63 0.59 0.63 0.64 0.63 0.63 0.64 0.66 0.63 0.63 1.3 0.64 0.63 0.63 0.32 0.64 0.64 
MDL-cong_Cl7 17000 0.53 0.5 0.53 0.54 0.54 0.53 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL170 7800 0.68 0.64 0.68 0.69 0.68 0.68 0.69 0.71 0.68 0.68 1.4 0.69 0.68 0.68 0.34 0.69 0.69 
MDL180 17000 0.69 0.65 0.69 0.71 0.7 0.69 0.71 0.73 0.7 0.7 1.4 0.71 0.7 0.7 0.35 0.71 0.71 
MDL183 17000 0.39 0.37 0.39 0.4 0.4 0.39 0.4 0.42 0.4 0.4 0.8 0.4 0.4 0.4 0.2 0.4 0.4 
MDL184 17000 0.54 0.5 0.54 0.55 0.54 0.54 0.55 0.57 0.54 0.54 1.1 0.55 0.54 0.54 0.27 0.55 0.55 
MDL187 7500 0.69 0.65 0.69 0.71 0.7 0.69 0.71 0.73 0.7 0.7 1.4 0.71 0.7 0.7 0.35 0.71 0.71 
MDL189 17000 0.75 0.71 0.75 0.77 0.76 0.75 0.77 0.79 0.76 0.76 1.5 0.77 0.76 0.76 0.38 0.77 0.77 
MDL_cong_Cl8 17000 0.53 0.5 0.53 0.54 0.54 0.53 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL195 12000 0.62 0.58 0.62 0.63 0.62 0.62 0.63 0.65 0.62 0.62 1.3 0.63 0.62 0.62 0.32 0.63 0.63 
MDL_cong_Cl9 17000 0.53 0.5 0.53 0.54 0.54 0.53 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL206 19000 0.24 0.23 0.24 0.24 0.24 0.24 0.24 0.25 0.24 0.24 0.49 0.24 0.24 0.24 0.12 0.24 0.24 
MDL_cong_Cl10 13000 0.61 0.57 0.61 0.62 0.61 0.61 0.62 0.64 0.61 0.61 1.2 0.62 0.61 0.61 0.31 0.62 0.62 
MDL209 13000 0.61 0.57 0.61 0.62 0.61 0.61 0.62 0.64 0.61 0.61 1.2 0.62 0.61 0.61 0.31 0.62 0.62 
Sample Delivery 
Group 



NC34SD
G006 



NC22SD
G015 



NC34SD
G004 



NC22SD
G002 



NC22SD
G002 



NC22SD
G003 



NC22SD
G005 



NC22SD
G008 



NC22SD
G012 



NC22SD
G017 



NC22SD
G022 



NC22SD
G026 



NC28SD
G004 



NC28SD
G009 



NC28SD
G011 



NC28SD
G016 



NC28SD
G022 



NC34SD
G003 



Sample Size 1 0.94 1 0.94 0.92 0.93 0.94 0.92 0.89 0.93 0.93 0.92 0.92 0.93 0.93 0.92 0.92 0.92 
Size Units  L  L L L L L L L L L L L L L L L 



 
Foam Rubber/EnsoliteTM (FRE) Experiment: PCB Mass per Sample (ng)  
 
Field ID PSNS-



647-165-
9A 



PSNS-
647-165-
9A-B67 



PSNS-
647-165-
9A-B13 



PSNS-
647-165-
9A-T1 



PSNS-
647-165-
9A-T11



PSNS-
647-165-
9A-T13 



PSNS-
647-165-
9A-T16



PSNS-
647-165-
9A-T18



PSNS-
647-165-
9A-T23 



PSNS-
647-165-
9A-T25



PSNS-
647-165-
9A-T28 



PSNS-
647-165-
9A-T31 



PSNS-
647-165-
9A-T35



PSNS-
647-165-
9A-T38



PSNS-
647-165-
9A-T41 



PSNS-
647-165-
9A-T44



PSNS-
647-165-
9A-T46



PSNS-
647-165-
9A-T48 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.6E+01 4.7E+00 2.3E+01 2.0E+01 3.6E+00 1.9E+01 4.1E+00 3.3E+00 2.2E+01 3.5E+00 3.0E+00 1.3E+01 1.3E+01 1.8E+01 
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E+00 2.8E+00 2.9E+00 3.6E+00 3.1E+00 3.0E+00 3.3E+00 3.2E+00 3.3E+00 2.9E+00 2.6E+00 2.3E+00 3.1E+00 
Cl3 3.4E+04 1.4E+00 0.0E+00 0.0E+00 1.6E+00 5.6E+00 1.4E+01 8.9E+00 9.8E+00 1.2E+01 1.3E+01 1.3E+01 1.4E+01 1.0E+01 1.1E+01 1.0E+01 1.6E+01 1.5E+01 
PCB18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+00 2.5E+00 2.7E+00 3.0E+00 2.5E+00 3.1E+00 2.9E+00 1.1E+00 2.6E+00 2.8E+00 2.4E+00 2.1E+00 2.6E+00 
PCB28 2.1E+04 1.3E+00 0.0E+00 0.0E+00 1.3E+00 2.0E+00 3.9E+00 4.0E+00 3.7E+00 4.0E+00 3.8E+00 4.0E+00 3.9E+00 3.2E+00 2.6E+00 2.3E+00 2.4E+00 2.8E+00 
Cl4 2.6E+06 1.1E+02 0.0E+00 0.0E+00 3.9E+00 7.6E+01 1.6E+02 1.8E+02 2.1E+02 2.0E+02 2.3E+02 1.9E+02 2.0E+02 1.6E+02 1.4E+02 1.1E+02 1.3E+02 1.5E+02 











 



 
 



C-27



Field ID PSNS-
647-165-



9A 



PSNS-
647-165-
9A-B67 



PSNS-
647-165-
9A-B13 



PSNS-
647-165-
9A-T1 



PSNS-
647-165-
9A-T11



PSNS-
647-165-
9A-T13 



PSNS-
647-165-
9A-T16



PSNS-
647-165-
9A-T18



PSNS-
647-165-
9A-T23 



PSNS-
647-165-
9A-T25



PSNS-
647-165-
9A-T28 



PSNS-
647-165-
9A-T31 



PSNS-
647-165-
9A-T35



PSNS-
647-165-
9A-T38



PSNS-
647-165-
9A-T41 



PSNS-
647-165-
9A-T44



PSNS-
647-165-
9A-T46



PSNS-
647-165-
9A-T48 



PCB44 3.4E+05 1.5E+01 0.0E+00 0.0E+00 1.0E+00 1.2E+01 3.1E+01 3.7E+01 3.5E+01 4.1E+01 4.5E+01 4.0E+01 3.8E+01 3.3E+01 2.8E+01 2.5E+01 2.5E+01 2.7E+01 
PCB49 1.2E+05 4.8E+00 0.0E+00 0.0E+00 4.8E-01 4.1E+00 9.4E+00 1.1E+01 1.1E+01 1.2E+01 1.2E+01 1.2E+01 1.0E+01 9.3E+00 7.5E+00 7.1E+00 7.4E+00 7.0E+00 
PCB52 6.0E+05 2.8E+01 0.0E+00 0.0E+00 1.4E+00 2.2E+01 5.7E+01 6.5E+01 6.8E+01 7.2E+01 7.3E+01 7.2E+01 6.6E+01 5.9E+01 5.2E+01 4.8E+01 4.8E+01 5.1E+01 
PCB66 1.8E+05 4.8E+00 0.0E+00 0.0E+00 0.0E+00 1.8E+00 6.7E+00 7.0E+00 8.4E+00 9.3E+00 8.9E+00 7.9E+00 8.9E+00 6.0E+00 4.9E+00 3.3E+00 4.5E+00 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 1.0E+07 3.2E+02 0.0E+00 0.0E+00 0.0E+00 7.0E+01 2.1E+02 2.4E+02 3.2E+02 3.3E+02 3.9E+02 3.3E+02 3.2E+02 2.2E+02 1.8E+02 1.5E+02 1.5E+02 1.7E+02 
PCB87 9.1E+05 2.0E+01 0.0E+00 0.0E+00 0.0E+00 3.9E+00 1.7E+01 1.8E+01 2.4E+01 2.8E+01 2.7E+01 2.5E+01 2.3E+01 1.8E+01 1.5E+01 1.2E+01 9.2E+00 9.2E+00 
PCB101 1.7E+06 3.3E+01 0.0E+00 0.0E+00 0.0E+00 6.5E+00 2.7E+01 3.1E+01 4.2E+01 4.7E+01 4.5E+01 4.3E+01 3.9E+01 2.5E+01 2.0E+01 1.6E+01 1.4E+01 1.5E+01 
PCB105 7.8E+05 8.7E+00 0.0E+00 0.0E+00 0.0E+00 1.5E+00 6.9E+00 8.6E+00 1.2E+01 1.5E+01 1.3E+01 1.2E+01 1.0E+01 6.7E+00 5.6E+00 3.1E+00 2.9E+00 3.0E+00 
PCB114 5.7E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.2E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 1.8E+06 1.7E+01 0.0E+00 0.0E+00 0.0E+00 3.0E+00 1.5E+01 1.9E+01 2.5E+01 3.1E+01 2.7E+01 2.6E+01 2.3E+01 1.4E+01 1.1E+01 7.0E+00 4.8E+00 4.4E+00 
PCB123 3.7E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 8.9E+06 1.1E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.0E+01 4.4E+01 7.8E+01 7.7E+01 1.3E+02 8.8E+01 1.1E+02 6.7E+01 7.3E+01 3.5E+01 4.4E+01 0.0E+00 
PCB128 4.4E+05 5.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.8E+00 2.5E+00 3.6E+00 4.5E+00 4.6E+00 4.2E+00 4.3E+00 4.1E+00 3.1E+00 1.4E+00 0.0E+00 0.0E+00 
PCB138 2.0E+06 1.2E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.4E+00 6.9E+00 1.1E+01 1.6E+01 1.4E+01 1.4E+01 1.4E+01 9.3E+00 7.7E+00 3.8E+00 2.4E+00 0.0E+00 
PCB153 2.1E+06 1.3E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.4E+00 7.2E+00 5.7E+00 1.4E+01 1.3E+01 1.4E+01 1.3E+01 8.2E+00 6.3E+00 3.6E+00 0.0E+00 0.0E+00 
PCB156 2.8E+05 1.9E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 6.8E-01 9.2E-01 1.7E+00 2.0E+00 1.9E+00 2.0E+00 2.4E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 9.9E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 1.0E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 1.7E+06 0.0E+00 0.0E+00 0.0E+00 6.1E+00 4.8E+00 2.6E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 2.4E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 3.0E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 8.1E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 6.6E-01 7.3E-01 7.6E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 9.1E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



C-28



Field ID PSNS-
647-165-



9A 



PSNS-
647-165-
9A-B67 



PSNS-
647-165-
9A-B13 



PSNS-
647-165-
9A-T1 



PSNS-
647-165-
9A-T11



PSNS-
647-165-
9A-T13 



PSNS-
647-165-
9A-T16



PSNS-
647-165-
9A-T18



PSNS-
647-165-
9A-T23 



PSNS-
647-165-
9A-T25



PSNS-
647-165-
9A-T28 



PSNS-
647-165-
9A-T31 



PSNS-
647-165-
9A-T35



PSNS-
647-165-
9A-T38



PSNS-
647-165-
9A-T41 



PSNS-
647-165-
9A-T44



PSNS-
647-165-
9A-T46



PSNS-
647-165-
9A-T48 



PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 2.3E+07 5.4E+02 0.0E+00 0.0E+00 2.7E+01 1.6E+02 4.6E+02 5.0E+02 6.3E+02 6.5E+02 7.7E+02 6.3E+02 6.7E+02 4.6E+02 4.0E+02 3.2E+02 3.5E+02 3.5E+02 



 
 
Foam Rubber/EnsoliteTM (FRE) Experiment: Mass Balance  
 



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
Cl2 0.0E+00 1.7E+02 1.7E+02 6.3E-08 7.1E-04  2.6E+00  
PCB8 0.0E+00 3.8E+01 3.8E+01 1.4E-08  1.6E-04  5.9E-01 
Cl3 3.4E+04 1.5E+02 3.4E+04 1.3E-05 1.5E-01  2.4E+00  
PCB18 0.0E+00 3.2E+01 3.2E+01 1.2E-08  1.4E-04  5.0E-01 
PCB28 2.1E+04 4.4E+01 2.1E+04 8.1E-06  9.1E-02  6.9E-01 
Cl4 2.6E+06 2.2E+03 2.6E+06 1.0E-03 1.1E+01  3.4E+01  
PCB44 3.4E+05 4.2E+02 3.4E+05 1.3E-04  1.5E+00  6.6E+00 
PCB49 1.2E+05 1.2E+02 1.2E+05 4.6E-05  5.2E-01  1.9E+00 
PCB52 6.0E+05 7.5E+02 6.0E+05 2.3E-04  2.6E+00  1.2E+01 
PCB66 1.8E+05 7.8E+01 1.8E+05 6.9E-05  7.7E-01  1.2E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl5 1.0E+07 3.1E+03 1.0E+07 3.8E-03 4.3E+01  4.8E+01  
PCB87 9.1E+05 2.3E+02 9.1E+05 3.5E-04  3.9E+00  3.6E+00 
PCB101 1.7E+06 3.7E+02 1.7E+06 6.5E-04  7.3E+00  5.8E+00 
PCB105 7.8E+05 1.0E+02 7.8E+05 3.0E-04  3.4E+00  1.6E+00 
PCB114 5.7E+04 9.2E-01 5.7E+04 2.2E-05  2.5E-01  1.4E-02 
PCB118 1.8E+06 2.1E+02 1.8E+06 6.9E-04  7.7E+00  3.3E+00 
PCB123 3.7E+04 0.0E+00 3.7E+04 1.4E-05  1.6E-01  0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl6 8.9E+06 7.8E+02 8.9E+06 3.4E-03 3.8E+01  1.2E+01  
PCB128 4.4E+05 3.4E+01 4.4E+05 1.7E-04  1.9E+00  5.3E-01 
PCB138 2.0E+06 1.0E+02 2.0E+06 7.7E-04  8.6E+00  1.6E+00 
PCB153 2.1E+06 9.0E+01 2.1E+06 8.1E-04  9.0E+00  1.4E+00 
PCB156 2.8E+05 1.2E+01 2.8E+05 1.1E-04  1.2E+00  1.8E-01 











 



 
 



C-29



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
PCB157 9.9E+04 0.0E+00 9.9E+04 3.8E-05  4.3E-01  0.0E+00 
PCB167 1.0E+05 0.0E+00 1.0E+05 3.8E-05  4.3E-01  0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl7 1.7E+06 3.7E+01 1.7E+06 6.5E-04 7.3E+00  5.9E-01  
PCB170 2.4E+05 0.0E+00 2.4E+05 9.2E-05  1.0E+00  0.0E+00 
PCB180 3.0E+05 0.0E+00 3.0E+05 1.2E-04  1.3E+00  0.0E+00 
PCB183 8.1E+04 0.0E+00 8.1E+04 3.1E-05  3.5E-01  0.0E+00 
PCB184 0.0E+00 2.2E+00 2.2E+00 8.3E-10  9.3E-06  3.4E-02 
PCB187 9.1E+04 0.0E+00 9.1E+04 3.5E-05  3.9E-01  0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
tPCBs 2.3E+07 6.4E+03 2.3E+07 8.9E-03     



 
 
Aroclor 1268 (A1268) Experiment: Analytical Results (ng/L) 
 
Sample ID 214-59B-



S1 
214-59B-
S1-B53 



214-59B-
S1-B24 



214-59B-
S1-T1 



214-59B-
S1-T10 



214-59B-
S1-T12 



214-59B-
S1-T20 



214-59B-
S1-T22 



214-59B-
S1-T24 



214-59B-
S1-T26 



214-59B-
S1-T28 



214-59B-
S1-T3 



214-59B-
S1-T5 



214-59B-
S1-T7 



Sample Date 6/19/02 6/19/02 11/28/01 6/13/01 7/24/01 8/21/01 10/2/01 12/19/01 3/6/02 5/1/02 6/19/02 6/14/01 6/19/01 7/3/01 
Units ng ng ng ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
Cl1 0 0 0 0 0 0 0 0 0 0 0 13 33 9.7 
Qual_Cl1 ND ND ND ND ND ND ND ND ND ND ND    
Cl2 480 0 0 0 520 250 140 39 7.1 0.92 0 220 1100 950 
Qual_Cl2 J ND ND ND      J ND    
PCB8 400 0 0 0 400 190 63 21 4.5 0.92 0 89 420 630 
Qual_PCB8 J ND ND ND     J J ND    
Cl3 14000 93 41 0 4800 4500 2700 2000 710 160 220 250 2200 4000 
Qual_Cl3    ND           
PCB18 1900 6.2 2.1 0 1200 1100 570 330 170 30 39 91 620 1400 











 



 
 



C-30



Sample ID 214-59B-
S1 



214-59B-
S1-B53 



214-59B-
S1-B24 



214-59B-
S1-T1 



214-59B-
S1-T10 



214-59B-
S1-T12 



214-59B-
S1-T20 



214-59B-
S1-T22 



214-59B-
S1-T24 



214-59B-
S1-T26 



214-59B-
S1-T28 



214-59B-
S1-T3 



214-59B-
S1-T5 



214-59B-
S1-T7 



Qual_PCB18 J J J ND           
PCB28 5300 31 11 0 1200 1300 760 210 230 47 71 41 380 1100 
Qual_PCB28 J   ND D D D      D D 
Cl4 73000 500 110 0 3500 3400 3200 3100 2100 380 560 74 780 1900 
Qual_Cl4    ND           
PCB44 5900 85 4 0 520 530 450 360 290 86 140 5.4 100 280 
Qual_PCB44 J  J ND    D       
PCB49 3400 50 3 0 260 260 220 230 140 36 65 1.9 41 140 
Qual_PCB49 J  J ND        J   
PCB52 5800 99 5.5 0 470 500 390 360 320 97 160 5.8 94 280 
Qual_PCB52 J   ND    D       
PCB66 9500 45 4.9 0 250 220 190 170 92 16 28 1.9 28 99 
Qual_PCB66   J ND        J   
PCB77 3600 5.4 0 0 61 57 55 42 7.9 0 0 0 5.2 21 
Qual_PCB77 J J ND ND      ND ND ND J  
Cl5 40000 200 0 0 240 220 310 330 350 81 82 0 0 120 
Qual_Cl5   ND ND  B      ND ND  
PCB87 2300 17 0 0 13 16 15 21 12 4.7 6.6 0 0 4.1 
Qual_PCB87 J  ND ND      J J ND ND J 
PCB101 4200 18 0 0 18 19 20 22 16 6.5 7.6 0 0 6.8 
Qual_PCB101 J  ND ND  B     J ND ND  
PCB105 6300 26 0 0 21 23 27 36 19 4.7 6.3 0 0 5.2 
Qual_PCB105 J  ND ND      J J ND ND J 
PCB114 0 0 0 0 0 0 0 2.2 0 0 0 0 0 0 
Qual_PCB114 ND ND ND ND ND ND ND J ND ND ND ND ND ND 
PCB118 6800 17 0 0 22 22 26 26 17 3.8 4.5 0 0 5 
Qual_PCB118   ND ND      J J ND ND J 
PCB123 0 2.6 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB123 ND J ND ND ND ND ND ND ND ND ND ND ND ND 
PCB126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB126 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl6 25000 34 0 0 18 22 36 28 44 2.4 0.81 0 0 0 
Qual_Cl6   ND ND      J J ND ND ND 
PCB128 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB128 ND J ND ND ND ND ND ND ND ND ND ND ND ND 











 



 
 



C-31



Sample ID 214-59B-
S1 



214-59B-
S1-B53 



214-59B-
S1-B24 



214-59B-
S1-T1 



214-59B-
S1-T10 



214-59B-
S1-T12 



214-59B-
S1-T20 



214-59B-
S1-T22 



214-59B-
S1-T24 



214-59B-
S1-T26 



214-59B-
S1-T28 



214-59B-
S1-T3 



214-59B-
S1-T5 



214-59B-
S1-T7 



PCB138 1300 3.3 0 0 0 0 0 2.1 0 0 0 0 0 0 
Qual_PCB138 J J ND ND ND ND ND J ND ND ND ND ND ND 
PCB153 10000 18 0 0 5.1 6.3 7.3 6.2 6.8 2.3 2.8 0 0 0 
Qual_PCB153 J J ND ND J B    J J ND ND ND 
PCB156 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB156 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB157 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB157 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB167 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB167 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB169 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB169 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl7 1300000 240 0 0 40 74 130 81 180 22 19 0 0 0 
Qual_Cl7   ND ND       J ND ND ND 
PCB170 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB170 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB180 280000 58 0 0 6.1 0 8.5 9.7 12 2.5 3.3 0 0 0 
Qual_PCB180   ND ND  ND    J J ND ND ND 
PCB183 33000 6.1 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB183  J ND ND ND ND ND ND ND ND ND ND ND ND 
PCB184 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB184 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB187 840000 93 0 0 8.2 9.8 14 17 17 5.6 8.8 0 0 0 
Qual_PCB187   ND ND      J J ND ND ND 
PCB189 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB189 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl8 13000000 190 0 0 0 0 10 10 0 0 0 0 0 0 
Qual_Cl8   ND ND ND ND   ND ND ND ND ND ND 
PCB195 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB195 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl9 12000000 22 0 9.7 0 0 0 5.1 0 0 0 4.9 0 0 
Qual_Cl9 D  ND  ND ND ND  ND ND ND J ND ND 
PCB206 6900000 8.9 0 9.6 0 0 0 0 0 0 0 4.9 0 0 
Qual_PCB206  J ND  ND ND ND ND ND ND ND J ND ND 
Cl10 1600000 2.1 0 0 0 0 0 0 0 0 0 0 0 0 











 



 
 



C-32



Sample ID 214-59B-
S1 



214-59B-
S1-B53 



214-59B-
S1-B24 



214-59B-
S1-T1 



214-59B-
S1-T10 



214-59B-
S1-T12 



214-59B-
S1-T20 



214-59B-
S1-T22 



214-59B-
S1-T24 



214-59B-
S1-T26 



214-59B-
S1-T28 



214-59B-
S1-T3 



214-59B-
S1-T5 



214-59B-
S1-T7 



Qual_Cl10 D J ND ND ND ND ND ND ND ND ND ND ND ND 
PCB209 1600000 2.1 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB209  J ND ND ND ND ND ND ND ND ND ND ND ND 
Min Reporting 
Limit 



6600 10 5 5.4 5.3 5.4 5.3 2.7 5.4 5.6 11 5.3 5.3 5.4 



MDL_cong_Cl1 2200 0.5 0.5 0.54 0.53 0.54 0.53 0.27 0.54 0.56 0.53 0.53 0.53 0.54 
MDL_cong_Cl2 2200 0.5 0.5 0.54 0.53 0.54 0.53 0.27 0.54 0.56 0.53 0.53 0.53 0.54 
MDL8 810 0.42 0.42 0.45 0.45 0.45 0.45 0.23 0.46 0.47 0.45 0.44 2.2 2.1 
MDL_cong_Cl3 2200 0.5 0.5 0.54 0.53 0.54 0.53 0.27 0.54 0.56 0.53 0.53 0.53 0.54 
MDL18 950 0.64 0.64 0.69 3.4 3.4 0.68 2.3 0.69 0.71 0.68 0.67 3.4 3.2 
MDL28 1000 0.53 0.53 0.56 2.8 2.8 2.8 0.28 0.57 0.58 0.56 0.55 2.8 2.7 
MDL_cong_Cl4 2200 0.5 0.5 0.54 0.53 0.54 0.53 0.27 0.54 0.56 0.53 0.53 0.53 0.54 
MDL44 820 0.67 0.67 0.72 0.71 0.72 0.71 2.4 0.73 0.75 0.71 0.71 0.71 0.72 
MDL49 2200 0.75 0.75 0.8 0.79 0.8 0.79 0.4 0.81 0.83 0.79 0.78 0.79 0.8 
MDL52 1000 0.29 0.29 0.32 0.31 0.32 0.31 1.1 0.32 0.33 0.31 0.31 0.31 0.32 
MDL66 1200 0.64 0.64 0.69 0.68 0.69 0.68 0.35 0.7 0.72 0.68 0.68 0.68 0.69 
MDL77 1500 0.56 0.56 0.6 0.6 0.6 0.6 0.3 0.61 0.62 0.6 0.59 0.6 0.6 
MDL_cong_Cl5 2200 0.5 0.5 0.54 0.53 0.54 0.53 0.27 0.54 0.56 0.53 0.53 0.53 0.54 
MDL87 2200 0.77 0.77 0.82 0.81 0.82 0.81 0.42 0.83 0.85 0.81 0.81 0.81 0.82 
MDL101 890 0.36 0.36 0.39 0.38 0.39 0.38 0.2 0.39 0.4 0.38 0.38 0.38 0.39 
MDL105 1400 0.41 0.41 0.44 0.43 0.44 0.43 0.22 0.44 0.45 0.43 0.43 0.43 0.44 
MDL114 2200 0.68 0.68 0.73 0.72 0.73 0.72 0.37 0.74 0.75 0.72 0.71 0.72 0.73 
MDL118 2200 0.66 0.66 0.7 0.7 0.7 0.7 0.36 0.71 0.73 0.7 0.69 0.7 0.7 
MDL123 2200 0.77 0.77 0.83 0.82 0.83 0.82 0.42 0.84 0.86 0.82 0.81 0.82 0.83 
MDL126 3200 0.67 0.67 0.72 0.71 0.72 0.71 0.36 0.73 0.75 0.71 0.71 0.71 0.72 
MDL_cong_Cl6 2200 0.5 0.5 0.54 0.53 0.54 0.53 0.27 0.54 0.56 0.53 0.53 0.53 0.54 
MDL128 1600 0.25 0.25 0.27 0.26 0.27 0.26 0.14 0.27 0.28 0.26 0.26 0.26 0.27 
MDL138 2100 0.55 0.55 0.59 0.58 0.59 0.58 0.3 0.59 0.61 0.58 0.57 0.58 0.59 
MDL153 1600 0.27 0.27 0.29 0.28 0.29 0.28 0.14 0.29 0.3 0.28 0.28 0.28 0.29 
MDL156 2200 0.62 0.62 0.67 0.66 0.67 0.66 0.34 0.67 0.69 0.66 0.65 0.66 0.67 
MDL157 2200 0.61 0.61 0.65 0.65 0.65 0.65 0.33 0.66 0.68 0.65 0.64 0.65 0.65 
MDL167 2200 0.64 0.64 0.68 0.68 0.68 0.68 0.34 0.69 0.71 0.68 0.67 0.68 0.68 
MDL169 2200 0.59 0.59 0.63 0.63 0.63 0.63 0.32 0.64 0.66 0.63 0.62 0.63 0.63 
MDL-cong_Cl7 2200 0.5 0.5 0.54 0.53 0.54 0.53 0.27 0.54 0.56 0.53 0.53 0.53 0.54 
MDL170 990 0.64 0.64 0.68 0.68 0.68 0.68 0.34 0.69 0.71 0.68 0.67 0.68 0.68 











 



 
 



C-33



Sample ID 214-59B-
S1 



214-59B-
S1-B53 



214-59B-
S1-B24 



214-59B-
S1-T1 



214-59B-
S1-T10 



214-59B-
S1-T12 



214-59B-
S1-T20 



214-59B-
S1-T22 



214-59B-
S1-T24 



214-59B-
S1-T26 



214-59B-
S1-T28 



214-59B-
S1-T3 



214-59B-
S1-T5 



214-59B-
S1-T7 



MDL180 2100 0.65 0.65 0.7 0.69 0.7 0.69 0.35 0.71 0.72 0.69 0.69 0.69 0.7 
MDL183 2200 0.37 0.37 0.4 0.39 0.4 0.39 0.2 0.4 0.41 0.39 0.39 0.39 0.4 
MDL184 2200 0.5 0.5 0.54 0.54 0.54 0.54 0.27 0.55 0.56 0.54 0.53 0.54 0.54 
MDL187 940 0.65 0.65 0.7 0.69 0.7 0.69 0.35 0.71 0.72 0.69 0.69 0.69 0.7 
MDL189 2200 0.71 0.71 0.76 0.75 0.76 0.75 0.38 0.77 0.78 0.75 0.74 0.75 0.76 
MDL_cong_Cl8 2200 0.5 0.5 0.54 0.53 0.54 0.53 0.27 0.54 0.56 0.53 0.53 0.53 0.54 
MDL195 1500 0.58 0.58 0.62 0.62 0.62 0.62 0.32 0.63 0.65 0.62 0.61 0.62 0.62 
MDL_cong_Cl9 85000 0.5 0.5 0.54 0.53 0.54 0.53 0.27 0.54 0.56 0.53 0.53 0.53 0.54 
MDL206 120000 0.23 0.23 0.24 0.24 0.24 0.24 0.12 0.24 0.25 0.24 0.24 0.24 0.24 
MDL_cong_Cl10 85000 0.57 0.57 0.61 0.61 0.61 0.61 0.31 0.62 0.63 0.61 0.6 0.61 0.61 
MDL209 85000 0.57 0.57 0.61 0.61 0.61 0.61 0.31 0.62 0.63 0.61 0.6 0.61 0.61 
Sample Delivery 
Group 



CSC81SD
G013 



CSC81SD
G012 



NC34SDG
013 



NC34SDG
001 



NC34SDG
007 



NC34SDG
008 



NC34SDG
010 



CSC81SD
G001 



CSC81SD
G006 



CSC81SD
G010 



CSC81SD
G012 



NC34SDG
001 



NC34SDG
002 



NC34SDG
004 



Sample Size 1 1 1 0.93 0.94 0.93 0.92 0.92 0.92 0.9 0.94 0.95 0.94 0.93 
Size Units    L L L L L L L L L L L 



 
 
Aroclor 1268 (A1268) Experiment: PCB Mass per Sample (ng) 
 
 
Field ID 214-59B-S1 214-59B-



S1-B53 
214-59B-
S1-B24 



214-59B-
S1-T1 



214-59B-
S1-T10 



214-59B-
S1-T12 



214-59B-
S1-T20 



214-59B-
S1-T22 



214-59B-
S1-T24 



214-59B-
S1-T26 



214-59B-
S1-T28 



214-59B-
S1-T3 



214-59B-
S1-T5 



214-59B-
S1-T7 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E+01 3.1E+01 9.0E+00 
Cl2 4.8E+02 0.0E+00 0.0E+00 0.0E+00 4.9E+02 2.3E+02 1.3E+02 3.6E+01 6.5E+00 8.3E-01 0.0E+00 2.1E+02 1.0E+03 8.8E+02 
PCB8 4.0E+02 0.0E+00 0.0E+00 0.0E+00 3.8E+02 1.8E+02 5.8E+01 1.9E+01 4.1E+00 8.3E-01 0.0E+00 8.5E+01 3.9E+02 5.9E+02 
Cl3 1.4E+04 9.3E+01 4.1E+01 0.0E+00 4.5E+03 4.2E+03 2.5E+03 1.8E+03 6.5E+02 1.4E+02 2.1E+02 2.4E+02 2.1E+03 3.7E+03 
PCB18 1.9E+03 6.2E+00 2.1E+00 0.0E+00 1.1E+03 1.0E+03 5.2E+02 3.0E+02 1.6E+02 2.7E+01 3.7E+01 8.6E+01 5.8E+02 1.3E+03 
PCB28 5.3E+03 3.1E+01 1.1E+01 0.0E+00 1.1E+03 1.2E+03 7.0E+02 1.9E+02 2.1E+02 4.2E+01 6.7E+01 3.9E+01 3.6E+02 1.0E+03 
Cl4 7.3E+04 5.0E+02 1.1E+02 0.0E+00 3.3E+03 3.2E+03 2.9E+03 2.9E+03 1.9E+03 3.4E+02 5.3E+02 7.0E+01 7.3E+02 1.8E+03 
PCB44 5.9E+03 8.5E+01 4.0E+00 0.0E+00 4.9E+02 4.9E+02 4.1E+02 3.3E+02 2.7E+02 7.7E+01 1.3E+02 5.1E+00 9.4E+01 2.6E+02 
PCB49 3.4E+03 5.0E+01 3.0E+00 0.0E+00 2.4E+02 2.4E+02 2.0E+02 2.1E+02 1.3E+02 3.2E+01 6.1E+01 1.8E+00 3.9E+01 1.3E+02 
PCB52 5.8E+03 9.9E+01 5.5E+00 0.0E+00 4.4E+02 4.7E+02 3.6E+02 3.3E+02 2.9E+02 8.7E+01 1.5E+02 5.5E+00 8.8E+01 2.6E+02 
PCB66 9.5E+03 4.5E+01 4.9E+00 0.0E+00 2.4E+02 2.0E+02 1.7E+02 1.6E+02 8.5E+01 1.4E+01 2.6E+01 1.8E+00 2.6E+01 9.2E+01 
PCB77 3.6E+03 5.4E+00 0.0E+00 0.0E+00 5.7E+01 5.3E+01 5.1E+01 3.9E+01 7.3E+00 0.0E+00 0.0E+00 0.0E+00 4.9E+00 2.0E+01 
Cl5 4.0E+04 2.0E+02 0.0E+00 0.0E+00 2.3E+02 2.0E+02 2.9E+02 3.0E+02 3.2E+02 7.3E+01 7.7E+01 0.0E+00 0.0E+00 1.1E+02 
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Field ID 214-59B-S1 214-59B-
S1-B53 



214-59B-
S1-B24 



214-59B-
S1-T1 



214-59B-
S1-T10 



214-59B-
S1-T12 



214-59B-
S1-T20 



214-59B-
S1-T22 



214-59B-
S1-T24 



214-59B-
S1-T26 



214-59B-
S1-T28 



214-59B-
S1-T3 



214-59B-
S1-T5 



214-59B-
S1-T7 



PCB87 2.3E+03 1.7E+01 0.0E+00 0.0E+00 1.2E+01 1.5E+01 1.4E+01 1.9E+01 1.1E+01 4.2E+00 6.2E+00 0.0E+00 0.0E+00 3.8E+00 
PCB101 4.2E+03 1.8E+01 0.0E+00 0.0E+00 1.7E+01 1.8E+01 1.8E+01 2.0E+01 1.5E+01 5.9E+00 7.1E+00 0.0E+00 0.0E+00 6.3E+00 
PCB105 6.3E+03 2.6E+01 0.0E+00 0.0E+00 2.0E+01 2.1E+01 2.5E+01 3.3E+01 1.7E+01 4.2E+00 5.9E+00 0.0E+00 0.0E+00 4.8E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 6.8E+03 1.7E+01 0.0E+00 0.0E+00 2.1E+01 2.0E+01 2.4E+01 2.4E+01 1.6E+01 3.4E+00 4.2E+00 0.0E+00 0.0E+00 4.7E+00 
PCB123 0.0E+00 2.6E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 2.5E+04 3.4E+01 0.0E+00 0.0E+00 1.7E+01 2.0E+01 3.3E+01 2.6E+01 4.0E+01 2.2E+00 7.6E-01 0.0E+00 0.0E+00 0.0E+00 
PCB128 0.0E+00 2.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 1.3E+03 3.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.9E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 1.0E+04 1.8E+01 0.0E+00 0.0E+00 4.8E+00 5.9E+00 6.7E+00 5.7E+00 6.3E+00 2.1E+00 2.6E+00 0.0E+00 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 1.3E+06 2.4E+02 0.0E+00 0.0E+00 3.8E+01 6.9E+01 1.2E+02 7.5E+01 1.7E+02 2.0E+01 1.8E+01 0.0E+00 0.0E+00 0.0E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 2.8E+05 5.8E+01 0.0E+00 0.0E+00 5.7E+00 0.0E+00 7.8E+00 8.9E+00 1.1E+01 2.3E+00 3.1E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 3.3E+04 6.1E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 8.4E+05 9.3E+01 0.0E+00 0.0E+00 7.7E+00 9.1E+00 1.3E+01 1.6E+01 1.6E+01 5.0E+00 8.3E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 1.3E+07 1.9E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.2E+00 9.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 1.2E+07 2.2E+01 0.0E+00 9.0E+00 0.0E+00 0.0E+00 0.0E+00 4.7E+00 0.0E+00 0.0E+00 0.0E+00 4.7E+00 0.0E+00 0.0E+00 
PCB206 6.9E+06 8.9E+00 0.0E+00 8.9E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.7E+00 0.0E+00 0.0E+00 
Cl10 1.6E+06 2.1E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 1.6E+06 2.1E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 2.8E+07 1.3E+03 1.5E+02 9.0E+00 8.6E+03 7.9E+03 6.0E+03 5.1E+03 3.1E+03 5.8E+02 8.3E+02 5.3E+02 3.9E+03 6.5E+03 



 
 
Aroclor 1268 (A1268) Experiment: Mass Balance 
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 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
Cl1 0.0E+00 5.2E+01 5.2E+01 2.6E-06 1.9E-04  1.2E-01  
Cl2 4.8E+02 3.0E+03 3.5E+03 1.7E-04 1.2E-02  7.0E+00  
PCB8 4.0E+02 1.7E+03 2.1E+03 1.0E-04  7.5E-03  3.9E+00 
Cl3 1.4E+04 2.0E+04 3.4E+04 1.7E-03 1.2E-01  4.7E+01  
PCB18 1.9E+03 5.2E+03 7.1E+03 3.5E-04  2.5E-02  1.2E+01 
PCB28 5.3E+03 5.0E+03 1.0E+04 5.1E-04  3.7E-02  1.2E+01 
Cl4 7.3E+04 1.8E+04 9.1E+04 4.5E-03 3.2E-01  4.1E+01  
PCB44 5.9E+03 2.6E+03 8.6E+03 4.2E-04  3.0E-02  5.9E+00 
PCB49 3.4E+03 1.3E+03 4.7E+03 2.4E-04  1.7E-02  3.0E+00 
PCB52 5.8E+03 2.5E+03 8.4E+03 4.2E-04  3.0E-02  5.8E+00 
PCB66 9.5E+03 1.0E+03 1.1E+04 5.2E-04  3.8E-02  2.4E+00 
PCB77 3.6E+03 2.3E+02 3.8E+03 1.9E-04  1.4E-02  5.4E-01 
Cl5 4.0E+04 1.6E+03 4.2E+04 2.1E-03 1.5E-01  3.7E+00  
PCB87 2.3E+03 8.6E+01 2.4E+03 1.2E-04  8.6E-03  2.0E-01 
PCB101 4.2E+03 1.1E+02 4.3E+03 2.1E-04  1.5E-02  2.5E-01 
PCB105 6.3E+03 1.3E+02 6.5E+03 3.2E-04  2.3E-02  3.0E-01 
PCB114 0.0E+00 2.0E+00 2.0E+00 1.0E-07  7.2E-06  4.7E-03 
PCB118 6.8E+03 1.2E+02 6.9E+03 3.4E-04  2.5E-02  2.7E-01 
PCB123 0.0E+00 0.0E+00 2.6E+00 1.3E-07  9.3E-06  0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl6 2.5E+04 1.4E+02 2.5E+04 1.2E-03 9.0E-02  3.2E-01  
PCB128 0.0E+00 0.0E+00 2.0E+00 9.9E-08  7.1E-06  0.0E+00 
PCB138 1.3E+03 1.9E+00 1.3E+03 6.5E-05  4.6E-03  4.5E-03 
PCB153 1.0E+04 3.4E+01 1.0E+04 5.0E-04  3.6E-02  7.9E-02 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl7 1.3E+06 5.0E+02 1.3E+06 6.4E-02 4.6E+00  1.2E+00  
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB180 2.8E+05 3.9E+01 2.8E+05 1.4E-02  1.0E+00  9.0E-02 
PCB183 3.3E+04 0.0E+00 3.3E+04 1.6E-03  1.2E-01  0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB187 8.4E+05 7.4E+01 8.4E+05 4.2E-02  3.0E+00  1.7E-01 
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 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl8 1.3E+07 1.8E+01 1.3E+07 6.4E-01 4.6E+01  4.3E-02  
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl9 1.2E+07 1.8E+01 1.2E+07 5.9E-01 4.3E+01  4.3E-02  
PCB206 6.9E+06 1.4E+01 6.9E+06 3.4E-01  2.5E+01  3.1E-02 
Cl10 1.6E+06 0.0E+00 1.6E+06 7.9E-02 5.7E+00  0.0E+00  
PCB209 1.6E+06 0.0E+00 1.6E+06 7.9E-02  5.7E+00  0.0E+00 
tPCBs 2.8E+07 4.3E+04 2.8E+07 1.4E+00     



 
 
Bulkhead Insulation (BHI) Experiment: Analytical Results (ng/L) 
 
Sample ID 1-51-0-



E-5A 
1-51-0-
E-5A-
B65 



1-51-0-
E-5A-
B12 



1-51-0-
E-5A-



T1 



1-51-0-
E-5A-
T11 



1-51-0-
E-5A-
T13 



1-51-0-
E-5A-
T15 



1-51-0-
E-5A-
T17 



1-51-0-
E-5A-
T20 



1-51-0-
E-5A-
T24 



1-51-0-
E-5A-
T26 



1-51-0-
E-5A-
T28 



1-51-0-
E-5A-
T31 



1-51-0-
E-5A-
T34 



1-51-0-
E-5A-
T38 



1-51-0-
E-5A-
T40 



1-51-0-
E-5A-
T43 



1-51-0-
E-5A-
T47 



1-51-0-
E-5A-
T48 



1-51-0-
E-5A-
T50 



Sample Date 7/5/01 7/5/01 6/6/00 3/22/00 3/23/00 3/29/00 4/5/00 4/12/00 5/3/00 5/30/00 6/13/00 7/18/00 9/5/00 10/17/0
0 



11/28/0
0 



1/2/01 2/13/01 3/27/01 4/24/01 6/19/01 



Units ng ng ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
Cl1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl2 0 0 0 0 0 8.7 14 0.68 1 0.96 0 0.79 0.76 0.52 0 0 0 0 0 0 
Qual_Cl2 ND ND ND ND ND   J J J ND J J J ND ND ND ND ND ND 
PCB8 0 0 0 0 0 0.98 0.93 0.67 1 0.92 0 0.79 0.74 0.52 0 0 0 0 0 0 
Qual_PCB8 ND ND ND ND ND J J J J J ND J J J ND ND ND ND ND ND 
Cl3 90 0.68 0 0 0.77 12 12 11 17 20 12 18 18 14 16 10 12 13 17 19 
Qual_Cl3 J J ND ND J                
PCB18 0 0 0 0 0 1.3 1.5 1.1 2.1 0.92 1.3 2 2 1.4 1.9 0 1.2 1.4 0 0 
Qual_PCB18 ND ND ND ND ND J J J J J J J J J J ND J J ND ND 
PCB28 90 0.64 0 0 0.53 3.3 4 3.7 6.2 6.4 5 6.8 7.3 5 5.2 3.8 2.8 4 2.4 2.6 
Qual_PCB28 J J ND ND J         J J J  J J J 
Cl4 18000 140 0 0 18 150 230 270 380 680 360 460 870 400 480 340 280 330 260 230 
Qual_Cl4   ND ND                 
PCB44 1700 19 0 0 2.1 25 37 42 65 91 64 86 120 75 87 57 57 60 46 39 
Qual_PCB44   ND ND J                
PCB49 780 8.1 0 0 0.89 8.2 12 14 21 27 21 28 36 24 25 19 16 20 12 12 
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Sample ID 1-51-0-
E-5A 



1-51-0-
E-5A-
B65 



1-51-0-
E-5A-
B12 



1-51-0-
E-5A-



T1 



1-51-0-
E-5A-
T11 



1-51-0-
E-5A-
T13 



1-51-0-
E-5A-
T15 



1-51-0-
E-5A-
T17 



1-51-0-
E-5A-
T20 



1-51-0-
E-5A-
T24 



1-51-0-
E-5A-
T26 



1-51-0-
E-5A-
T28 



1-51-0-
E-5A-
T31 



1-51-0-
E-5A-
T34 



1-51-0-
E-5A-
T38 



1-51-0-
E-5A-
T40 



1-51-0-
E-5A-
T43 



1-51-0-
E-5A-
T47 



1-51-0-
E-5A-
T48 



1-51-0-
E-5A-
T50 



Qual_PCB49 J  ND ND J                
PCB52 3000 39 0 0 3.5 39 59 66 100 140 100 140 200 130 160 100 100 120 87 73 
Qual_PCB52   ND ND                 
PCB66 1800 7.1 0 0 0.43 7.5 10 16 20 32 22 21 44 24 28 12 12 13 9.2 7.2 
Qual_PCB66   ND ND J                
PCB77 0 0 0 0 0 0 0.42 0 0 0 0 0.82 0 0 0 0 0 0 0 0 
Qual_PCB77 ND ND ND ND ND ND J ND ND ND ND J ND ND ND ND ND ND ND ND 
Cl5 100000 700 0 0 17 140 250 490 570 1600 910 890 2400 820 1000 490 580 500 460 390 
Qual_Cl5   ND ND                 
PCB87 8100 63 0 0 0 12 20 36 48 100 69 74 140 80 75 54 47 52 37 33 
Qual_PCB87   ND ND ND                
PCB101 16000 100 0 0 0.73 16 33 57 79 160 110 120 240 120 110 77 69 77 56 47 
Qual_PCB101   ND ND J                
PCB105 7400 17 0 0 0 3.7 7 14 19 50 32 34 66 36 20 15 11 8.2 6.5 4.1 
Qual_PCB105   ND ND ND               J 
PCB114 530 0 0 0 0 0 0 0.91 1.2 3 1.8 0 3.1 1.7 0 0 0 0 0 0 
Qual_PCB114 J ND ND ND ND ND ND J J  J ND  J ND ND ND ND ND ND 
PCB118 19000 25 0 0 0 7.7 17 34 48 110 76 79 170 72 43 29 21 15 10 6.4 
Qual_PCB118   ND ND ND                
PCB123 2500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB123  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB126 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl6 68000 260 0 0 0 23 28 72 89 370 160 180 610 190 200 78 140 100 130 130 
Qual_Cl6   ND ND ND                
PCB128 3800 10 0 0 0 0 1.4 2.4 4.4 14 7.6 7.9 16 8.6 5.6 0 4.4 3.2 0  
Qual_PCB128   ND ND ND ND J J        ND  J ND ND 
PCB138 18000 45 0 0 0 1.9 3.8 9.4 14 49 30 31 78 35 24 19 16 11 13 7.9 
Qual_PCB138   ND ND ND J               
PCB153 20000 18 0 0 0 1.1 2.5 5 19 21 19 17 42 39 27 27 17 15 12 9.7 
Qual_PCB153   ND ND ND J J              
PCB156 2200 2.6 0 0 0 0 0 0 1.4 5 2.2 2.7 6.5 2.6 0 0 0 0 0 0 
Qual_PCB156  J ND ND ND ND ND ND J  J   J ND ND ND ND ND ND 
PCB157 760 0 0 0 0 0 0 0 0 0 0 0 0 0.84 0 0 0 0 0 0 











 



 
 



C-38



Sample ID 1-51-0-
E-5A 



1-51-0-
E-5A-
B65 



1-51-0-
E-5A-
B12 



1-51-0-
E-5A-



T1 



1-51-0-
E-5A-
T11 



1-51-0-
E-5A-
T13 



1-51-0-
E-5A-
T15 



1-51-0-
E-5A-
T17 



1-51-0-
E-5A-
T20 



1-51-0-
E-5A-
T24 



1-51-0-
E-5A-
T26 



1-51-0-
E-5A-
T28 



1-51-0-
E-5A-
T31 



1-51-0-
E-5A-
T34 



1-51-0-
E-5A-
T38 



1-51-0-
E-5A-
T40 



1-51-0-
E-5A-
T43 



1-51-0-
E-5A-
T47 



1-51-0-
E-5A-
T48 



1-51-0-
E-5A-
T50 



Qual_PCB157 J ND ND ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND 
PCB167 920 0 0 0 0 0 0 0 0 0 0 0 2 1.1 0 0 0 0 0 0 
Qual_PCB167  ND ND ND ND ND ND ND ND ND ND ND J J ND ND ND ND ND ND 
PCB169 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB169 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl7 20000 62 0 0 10 8.6 6.3 0 0 0 15 0 45 19 0 0 0 0 0 0 
Qual_Cl7  ND ND ND    ND ND ND  ND   ND ND ND ND ND ND 
PCB170 2400 3.3 0 0 0 0 0 0 0 0 0 0 2.5 0 0 0 0 0 0 0 
Qual_PCB170  J ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND ND 
PCB180 3300 4 0 0 0 0 0 0 0 0 0 0 2.7 1.9 0 0 0 0 0 0 
Qual_PCB180  J ND ND ND ND ND ND ND ND ND ND  J ND ND ND ND ND ND 
PCB183 1100 1.4 0 0 0 0 0 0 0 0 0.96 0 1.6 0 0 0 0 0 0 0 
Qual_PCB183  J ND ND ND ND ND ND ND ND J ND J ND ND ND ND ND ND ND 
PCB184 0 0 0 0 0.95 0.64 0.77 0 0 0 0.82 0 0 0 0 0 0 0 0 0 
Qual_PCB184 ND ND ND ND J  J ND ND ND J ND ND ND ND ND ND ND ND ND 
PCB187 1600 2.9 0 0 0 0 0 0 0 0 0.92 0 2.2 1.8 0 0 0 0 0 0 
Qual_PCB187  J ND ND ND ND ND ND ND ND J ND J J ND ND ND ND ND ND 
PCB189 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB189 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl8 2000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl8  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB195 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB195 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB206 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB206 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl10 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB209 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB209 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Min Reporting 
Limit 



880 5 2.6 2.8 2.7 2.7 2.6 2.6 2.6 2.8 2.7 2.7 2.7 5.4 5.4 5.4 2.7 5.4 5.4 5.4 



MDL_cong_Cl1 170 0.5 0.53 0.56 0.54 0.54 0.53 0.53 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL_cong_Cl2 170 0.5 0.53 0.56 0.54 0.54 0.53 0.53 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 











 



 
 



C-39



Sample ID 1-51-0-
E-5A 



1-51-0-
E-5A-
B65 



1-51-0-
E-5A-
B12 



1-51-0-
E-5A-



T1 



1-51-0-
E-5A-
T11 



1-51-0-
E-5A-
T13 



1-51-0-
E-5A-
T15 



1-51-0-
E-5A-
T17 



1-51-0-
E-5A-
T20 



1-51-0-
E-5A-
T24 



1-51-0-
E-5A-
T26 



1-51-0-
E-5A-
T28 



1-51-0-
E-5A-
T31 



1-51-0-
E-5A-
T34 



1-51-0-
E-5A-
T38 



1-51-0-
E-5A-
T40 



1-51-0-
E-5A-
T43 



1-51-0-
E-5A-
T47 



1-51-0-
E-5A-
T48 



1-51-0-
E-5A-
T50 



MDL8 64 0.42 0.45 0.47 0.46 0.45 0.45 0.45 0.45 0.47 0.45 0.45 0.46 0.45 0.46 0.46 0.23 0.46 0.45 0.45 
MDL_cong_Cl3 170 0.5 0.53 0.56 0.54 0.54 0.53 0.53 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL18 76 0.64 0.68 0.71 0.69 0.69 0.68 0.68 0.68 0.72 0.69 0.69 0.69 0.69 0.69 0.69 0.35 0.69 0.69 0.69 
MDL28 80 0.53 0.56 0.58 0.57 0.56 0.56 0.56 0.56 0.59 0.56 0.56 0.57 0.56 0.57 0.57 0.28 0.57 0.56 0.56 
MDL_cong_Cl4 170 0.5 0.53 0.56 0.54 0.54 0.53 0.53 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL44 65 0.67 0.71 0.75 0.73 0.72 0.71 0.71 0.71 0.76 0.72 0.72 0.73 0.72 0.73 0.73 0.36 0.73 0.72 0.72 
MDL49 170 0.75 0.79 0.83 0.81 0.8 0.79 0.79 0.79 0.84 0.8 0.8 0.81 0.8 0.81 0.81 0.4 0.81 0.8 0.8 
MDL52 83 0.29 0.31 0.33 0.32 0.32 0.31 0.31 0.31 0.33 0.32 0.32 0.32 0.32 0.32 0.32 0.16 0.32 0.32 0.32 
MDL66 96 0.64 0.68 0.72 0.7 0.69 0.68 0.68 0.68 0.72 0.69 0.69 0.7 0.69 0.7 0.7 0.35 0.7 0.69 0.69 
MDL77 120 0.56 0.6 0.62 0.61 0.6 0.6 0.6 0.6 0.63 0.6 0.6 0.61 0.6 0.61 0.61 0.3 0.61 0.6 0.6 
MDL_cong_Cl5 170 0.5 0.53 0.56 0.54 0.54 0.53 0.53 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL87 170 0.77 0.81 0.85 0.83 0.82 0.81 0.81 0.81 0.86 0.82 0.82 0.83 0.82 0.83 0.83 0.42 0.83 0.82 0.82 
MDL101 71 0.36 0.38 0.4 0.39 0.39 0.38 0.38 0.38 0.41 0.39 0.39 0.39 0.39 0.39 0.39 0.2 0.39 0.39 0.39 
MDL105 120 0.41 0.43 0.45 0.44 0.44 0.43 0.43 0.43 0.46 0.44 0.44 0.44 0.44 0.44 0.44 0.22 0.44 0.44 0.44 
MDL114 170 0.68 0.72 0.75 0.74 0.73 0.72 0.72 0.72 0.76 0.73 0.73 0.74 0.73 0.74 0.74 0.37 0.74 0.73 0.73 
MDL118 170 0.66 0.7 0.73 0.71 0.7 0.7 0.7 0.7 0.74 0.7 0.7 0.71 0.7 0.71 0.71 0.36 0.71 0.7 0.7 
MDL123 170 0.77 0.82 0.86 0.84 0.83 0.82 0.82 0.82 0.87 0.83 0.83 0.84 0.83 0.84 0.84 0.42 0.84 0.83 0.83 
MDL126 260 0.67 0.71 0.75 0.73 0.72 0.71 0.71 0.71 0.76 0.72 0.72 0.73 0.72 0.73 0.73 0.36 0.73 0.72 0.72 
MDL_cong_Cl6 170 0.5 0.53 0.56 0.54 0.54 0.53 0.53 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL128 120 0.25 0.26 0.28 0.27 0.27 0.26 0.26 0.26 0.28 0.27 0.27 0.27 0.27 0.27 0.27 0.14 0.27 0.27 0.27 
MDL138 170 0.55 0.58 0.61 0.59 0.59 0.58 0.58 0.58 0.61 0.59 0.59 0.59 0.59 0.59 0.59 0.3 0.59 0.59 0.59 
MDL153 130 0.27 0.28 0.3 0.29 0.29 0.28 0.28 0.28 0.3 0.29 0.29 0.29 0.29 0.29 0.29 0.14 0.29 0.29 0.29 
MDL156 170 0.62 0.66 0.69 0.67 0.67 0.66 0.66 0.66 0.7 0.67 0.67 0.67 0.67 0.67 0.67 0.34 0.67 0.67 0.67 
MDL157 170 0.61 0.65 0.68 0.66 0.65 0.65 0.65 0.65 0.68 0.65 0.65 0.66 0.65 0.66 0.66 0.33 0.66 0.65 0.65 
MDL167 170 0.64 0.68 0.71 0.69 0.68 0.68 0.68 0.68 0.71 0.68 0.68 0.69 0.68 0.69 0.69 0.34 0.69 0.68 0.68 
MDL169 170 0.59 0.63 0.66 0.64 0.63 0.63 0.63 0.63 0.66 0.63 0.63 0.64 0.63 0.64 0.64 0.32 0.64 0.63 0.63 
MDL-cong_Cl7 170 0.5 0.53 0.56 0.54 0.54 0.53 0.53 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL170 78 0.64 0.68 0.71 0.69 0.68 0.68 0.68 0.68 0.71 0.68 0.68 0.69 0.68 0.69 0.69 0.34 0.69 0.68 0.68 
MDL180 170 0.65 0.69 0.72 0.71 0.7 0.69 0.69 0.69 0.73 0.7 0.7 0.71 0.7 0.71 0.71 0.35 0.71 0.7 0.7 
MDL183 170 0.37 0.39 0.41 0.4 0.4 0.39 0.39 0.39 0.42 0.4 0.4 0.4 0.4 0.4 0.4 0.2 0.4 0.4 0.4 
MDL184 170 0.5 0.54 0.56 0.55 0.54 0.54 0.54 0.54 0.57 0.54 0.54 0.55 0.54 0.55 0.55 0.27 0.55 0.54 0.54 
MDL187 75 0.65 0.69 0.72 0.71 0.7 0.69 0.69 0.69 0.73 0.7 0.7 0.71 0.7 0.71 0.71 0.35 0.71 0.7 0.7 
MDL189 170 0.71 0.75 0.78 0.77 0.76 0.75 0.75 0.75 0.79 0.76 0.76 0.77 0.76 0.77 0.77 0.38 0.77 0.76 0.76 
MDL_cong_Cl8 170 0.5 0.53 0.56 0.54 0.54 0.53 0.53 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 











 



 
 



C-40



Sample ID 1-51-0-
E-5A 



1-51-0-
E-5A-
B65 



1-51-0-
E-5A-
B12 



1-51-0-
E-5A-



T1 



1-51-0-
E-5A-
T11 



1-51-0-
E-5A-
T13 



1-51-0-
E-5A-
T15 



1-51-0-
E-5A-
T17 



1-51-0-
E-5A-
T20 



1-51-0-
E-5A-
T24 



1-51-0-
E-5A-
T26 



1-51-0-
E-5A-
T28 



1-51-0-
E-5A-
T31 



1-51-0-
E-5A-
T34 



1-51-0-
E-5A-
T38 



1-51-0-
E-5A-
T40 



1-51-0-
E-5A-
T43 



1-51-0-
E-5A-
T47 



1-51-0-
E-5A-
T48 



1-51-0-
E-5A-
T50 



MDL195 120 0.58 0.62 0.65 0.63 0.62 0.62 0.62 0.62 0.65 0.62 0.62 0.63 0.62 0.63 0.63 0.32 0.63 0.62 0.62 
MDL_cong_Cl9 170 0.5 0.53 0.56 0.54 0.54 0.53 0.53 0.53 0.56 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL206 190 0.23 0.24 0.25 0.24 0.24 0.24 0.24 0.24 0.25 0.24 0.24 0.24 0.24 0.24 0.24 0.12 0.24 0.24 0.24 
MDL_cong_Cl1
0 



130 0.57 0.61 0.63 0.62 0.61 0.61 0.61 0.61 0.64 0.61 0.61 0.62 0.61 0.62 0.62 0.31 0.62 0.61 0.61 



MDL209 130 0.57 0.61 0.63 0.62 0.61 0.61 0.61 0.61 0.64 0.61 0.61 0.62 0.61 0.62 0.62 0.31 0.62 0.61 0.61 
Sample Delivery 
Group 



NC34S
DG006 



NC34S
DG004 



NC22S
DG015 



NC22S
DG003 



NC22S
DG003



NC22S
DG004



NC22S
DG005



NC22S
DG006



NC22S
DG009



NC22S
DG013



NC22S
DG015



NC22S
DG020 



NC22S
DG025



NC28S
DG002



NC28S
DG007



NC28S
DG010



NC28S
DG013



NC28S
DG019



NC28S
DG023



NC34S
DG002 



Sample Size 1 1 0.94 0.9 0.92 0.93 0.94 0.94 0.94 0.89 0.93 0.93 0.92 0.93 0.92 0.92 0.92 0.92 0.93 0.93 
Size Units   L L L L L L L L L L L L L L L L L L 



 
 
Bulkhead Insulation (BHI) Experiment: PCB Mass per Sample (ng) 
 
 
Field ID 1-51-0-



E-5A 
1-51-0-
E-5A-
B65 



1-51-0-
E-5A-
B12 



1-51-0-
E-5A-T1 



1-51-0-
E-5A-
T11 



1-51-0-
E-5A-
T13 



1-51-0-
E-5A-
T15 



1-51-0-
E-5A-
T17 



1-51-0-
E-5A-
T20 



1-51-0-
E-5A-
T24 



1-51-0-
E-5A-
T26 



1-51-0-
E-5A-
T28 



1-51-0-
E-5A-
T31 



1-51-0-
E-5A-
T34 



1-51-0-
E-5A-
T38 



1-51-0-
E-5A-
T40 



1-51-0-
E-5A-
T43 



1-51-0-
E-5A-
T47 



1-51-0-
E-5A-
T48 



1-51-0-
E-5A-
T50 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.1E+00 1.3E+01 6.4E-01 9.4E-01 8.5E-01 0.0E+00 7.3E-01 7.0E-01 4.8E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.1E-01 8.7E-01 6.3E-01 9.4E-01 8.2E-01 0.0E+00 7.3E-01 6.8E-01 4.8E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl3 9.0E+01 6.8E-01 0.0E+00 0.0E+00 7.1E-01 1.1E+01 1.1E+01 1.0E+01 1.6E+01 1.8E+01 1.1E+01 1.7E+01 1.7E+01 1.3E+01 1.5E+01 9.2E+00 1.1E+01 1.2E+01 1.6E+01 1.8E+01 
PCB18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E+00 1.4E+00 1.0E+00 2.0E+00 8.2E-01 1.2E+00 1.9E+00 1.8E+00 1.3E+00 1.7E+00 0.0E+00 1.1E+00 1.3E+00 0.0E+00 0.0E+00 
PCB28 9.0E+01 6.4E-01 0.0E+00 0.0E+00 4.9E-01 3.1E+00 3.8E+00 3.5E+00 5.8E+00 5.7E+00 4.7E+00 6.3E+00 6.7E+00 4.7E+00 4.8E+00 3.5E+00 2.6E+00 3.7E+00 2.2E+00 2.4E+00 
Cl4 1.8E+04 1.4E+02 0.0E+00 0.0E+00 1.7E+01 1.4E+02 2.2E+02 2.5E+02 3.6E+02 6.1E+02 3.3E+02 4.3E+02 8.0E+02 3.7E+02 4.4E+02 3.1E+02 2.6E+02 3.0E+02 2.4E+02 2.1E+02 
PCB44 1.7E+03 1.9E+01 0.0E+00 0.0E+00 1.9E+00 2.3E+01 3.5E+01 3.9E+01 6.1E+01 8.1E+01 6.0E+01 8.0E+01 1.1E+02 7.0E+01 8.0E+01 5.2E+01 5.2E+01 5.5E+01 4.3E+01 3.6E+01 
PCB49 7.8E+02 8.1E+00 0.0E+00 0.0E+00 8.2E-01 7.6E+00 1.1E+01 1.3E+01 2.0E+01 2.4E+01 2.0E+01 2.6E+01 3.3E+01 2.2E+01 2.3E+01 1.7E+01 1.5E+01 1.8E+01 1.1E+01 1.1E+01 
PCB52 3.0E+03 3.9E+01 0.0E+00 0.0E+00 3.2E+00 3.6E+01 5.5E+01 6.2E+01 9.4E+01 1.2E+02 9.3E+01 1.3E+02 1.8E+02 1.2E+02 1.5E+02 9.2E+01 9.2E+01 1.1E+02 8.1E+01 6.8E+01 
PCB66 1.8E+03 7.1E+00 0.0E+00 0.0E+00 4.0E-01 7.0E+00 9.4E+00 1.5E+01 1.9E+01 2.8E+01 2.0E+01 2.0E+01 4.0E+01 2.2E+01 2.6E+01 1.1E+01 1.1E+01 1.2E+01 8.6E+00 6.7E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.9E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.6E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 1.0E+05 7.0E+02 0.0E+00 0.0E+00 1.6E+01 1.3E+02 2.4E+02 4.6E+02 5.4E+02 1.4E+03 8.5E+02 8.3E+02 2.2E+03 7.6E+02 9.2E+02 4.5E+02 5.3E+02 4.6E+02 4.3E+02 3.6E+02 
PCB87 8.1E+03 6.3E+01 0.0E+00 0.0E+00 0.0E+00 1.1E+01 1.9E+01 3.4E+01 4.5E+01 8.9E+01 6.4E+01 6.9E+01 1.3E+02 7.4E+01 6.9E+01 5.0E+01 4.3E+01 4.8E+01 3.4E+01 3.1E+01 
PCB101 1.6E+04 1.0E+02 0.0E+00 0.0E+00 6.7E-01 1.5E+01 3.1E+01 5.4E+01 7.4E+01 1.4E+02 1.0E+02 1.1E+02 2.2E+02 1.1E+02 1.0E+02 7.1E+01 6.3E+01 7.1E+01 5.2E+01 4.4E+01 
PCB105 7.4E+03 1.7E+01 0.0E+00 0.0E+00 0.0E+00 3.4E+00 6.6E+00 1.3E+01 1.8E+01 4.5E+01 3.0E+01 3.2E+01 6.1E+01 3.3E+01 1.8E+01 1.4E+01 1.0E+01 7.5E+00 6.0E+00 3.8E+00 
PCB114 5.3E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.6E-01 1.1E+00 2.7E+00 1.7E+00 0.0E+00 2.9E+00 1.6E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



C-41



Field ID 1-51-0-
E-5A 



1-51-0-
E-5A-
B65 



1-51-0-
E-5A-
B12 



1-51-0-
E-5A-T1 



1-51-0-
E-5A-
T11 



1-51-0-
E-5A-
T13 



1-51-0-
E-5A-
T15 



1-51-0-
E-5A-
T17 



1-51-0-
E-5A-
T20 



1-51-0-
E-5A-
T24 



1-51-0-
E-5A-
T26 



1-51-0-
E-5A-
T28 



1-51-0-
E-5A-
T31 



1-51-0-
E-5A-
T34 



1-51-0-
E-5A-
T38 



1-51-0-
E-5A-
T40 



1-51-0-
E-5A-
T43 



1-51-0-
E-5A-
T47 



1-51-0-
E-5A-
T48 



1-51-0-
E-5A-
T50 



PCB118 1.9E+04 2.5E+01 0.0E+00 0.0E+00 0.0E+00 7.2E+00 1.6E+01 3.2E+01 4.5E+01 9.8E+01 7.1E+01 7.3E+01 1.6E+02 6.7E+01 4.0E+01 2.7E+01 1.9E+01 1.4E+01 9.3E+00 6.0E+00 
PCB123 2.5E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 6.8E+04 2.6E+02 0.0E+00 0.0E+00 0.0E+00 2.1E+01 2.6E+01 6.8E+01 8.4E+01 3.3E+02 1.5E+02 1.7E+02 5.6E+02 1.8E+02 1.8E+02 7.2E+01 1.3E+02 9.2E+01 1.2E+02 1.2E+02 
PCB128 3.8E+03 1.0E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+00 2.3E+00 4.1E+00 1.2E+01 7.1E+00 7.3E+00 1.5E+01 8.0E+00 5.2E+00 0.0E+00 4.0E+00 2.9E+00 0.0E+00 0.0E+00 
PCB138 1.8E+04 4.5E+01 0.0E+00 0.0E+00 0.0E+00 1.8E+00 3.6E+00 8.8E+00 1.3E+01 4.4E+01 2.8E+01 2.9E+01 7.2E+01 3.3E+01 2.2E+01 1.7E+01 1.5E+01 1.0E+01 1.2E+01 7.3E+00 
PCB153 2.0E+04 1.8E+01 0.0E+00 0.0E+00 0.0E+00 1.0E+00 2.4E+00 4.7E+00 1.8E+01 1.9E+01 1.8E+01 1.6E+01 3.9E+01 3.6E+01 2.5E+01 2.5E+01 1.6E+01 1.4E+01 1.1E+01 9.0E+00 
PCB156 2.2E+03 2.6E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+00 4.5E+00 2.0E+00 2.5E+00 6.0E+00 2.4E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 7.6E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.8E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 9.2E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.8E+00 1.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 2.0E+04 6.2E+01 0.0E+00 0.0E+00 9.2E+00 8.0E+00 5.9E+00 0.0E+00 0.0E+00 0.0E+00 1.4E+01 0.0E+00 4.1E+01 1.8E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 2.4E+03 3.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 3.3E+03 4.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.5E+00 1.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 1.1E+03 1.4E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.9E-01 0.0E+00 1.5E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.7E-01 6.0E-01 7.2E-01 0.0E+00 0.0E+00 0.0E+00 7.6E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 1.6E+03 2.9E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.6E-01 0.0E+00 2.0E+00 1.7E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 2.0E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 2.1E+05 1.2E+03 0.0E+00 0.0E+00 4.2E+01 3.2E+02 5.1E+02 7.9E+02 9.9E+02 2.4E+03 1.4E+03 1.4E+03 3.6E+03 1.3E+03 1.6E+03 8.4E+02 9.3E+02 8.7E+02 8.1E+02 7.2E+02 



 
 
Bulkhead Insulation (BHI) Experiment: Balance (ng) 
 



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
Cl2 0.0E+00 2.6E+01 2.6E+01 4.9E-08 1.1E-02  1.4E-01  











 



 
 



C-42



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
PCB8 0.0E+00 6.1E+00 6.1E+00 1.2E-08  2.7E-03  3.3E-02 
Cl3 9.0E+01 2.1E+02 3.0E+02 5.7E-07 1.3E-01  1.1E+00  
PCB18 0.0E+00 1.7E+01 1.7E+01 3.2E-08  7.4E-03  9.1E-02 
PCB28 9.0E+01 6.4E+01 1.5E+02 3.0E-07  6.8E-02  3.4E-01 
Cl4 1.8E+04 5.3E+03 2.3E+04 4.5E-05 1.0E+01  2.9E+01  
PCB44 1.7E+03 8.8E+02 2.6E+03 5.0E-06  1.1E+00  4.8E+00 
PCB49 7.8E+02 2.7E+02 1.1E+03 2.0E-06  4.7E-01  1.5E+00 
PCB52 3.0E+03 1.5E+03 4.5E+03 8.7E-06  2.0E+00  8.1E+00 
PCB66 1.8E+03 2.6E+02 2.1E+03 4.0E-06  9.1E-01  1.4E+00 
PCB77 0.0E+00 1.2E+00 1.2E+00 2.2E-09  5.1E-04  6.2E-03 
Cl5 1.0E+05 1.1E+04 1.1E+05 2.1E-04 4.9E+01  5.7E+01  
PCB87 8.1E+03 8.1E+02 9.0E+03 1.7E-05  3.9E+00  4.4E+00 
PCB101 1.6E+04 1.3E+03 1.7E+04 3.3E-05  7.6E+00  6.8E+00 
PCB105 7.4E+03 3.0E+02 7.7E+03 1.5E-05  3.4E+00  1.6E+00 
PCB114 5.3E+02 1.1E+01 5.4E+02 1.0E-06  2.4E-01  5.8E-02 
PCB118 1.9E+04 6.8E+02 2.0E+04 3.8E-05  8.7E+00  3.7E+00 
PCB123 2.5E+03 0.0E+00 2.5E+03 4.8E-06  1.1E+00  0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl6 6.8E+04 2.3E+03 7.1E+04 1.4E-04 3.1E+01  1.2E+01  
PCB128 3.8E+03 6.9E+01 3.9E+03 7.5E-06  1.7E+00  3.7E-01 
PCB138 1.8E+04 3.2E+02 1.8E+04 3.5E-05  8.1E+00  1.7E+00 
PCB153 2.0E+04 2.5E+02 2.0E+04 3.9E-05  8.9E+00  1.4E+00 
PCB156 2.2E+03 1.9E+01 2.2E+03 4.3E-06  9.8E-01  1.0E-01 
PCB157 7.6E+02 7.8E-01 7.6E+02 1.5E-06  3.3E-01  4.2E-03 
PCB167 9.2E+02 2.9E+00 9.2E+02 1.8E-06  4.1E-01  1.5E-02 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl7 2.0E+04 9.6E+01 2.0E+04 3.9E-05 8.8E+00  5.2E-01  
PCB170 2.4E+03 2.3E+00 2.4E+03 4.6E-06  1.1E+00  1.2E-02 
PCB180 3.3E+03 4.3E+00 3.3E+03 6.4E-06  1.5E+00  2.3E-02 
PCB183 1.1E+03 2.4E+00 1.1E+03 2.1E-06  4.8E-01  1.3E-02 
PCB184 0.0E+00 3.0E+00 3.0E+00 5.7E-09  1.3E-03  1.6E-02 
PCB187 1.6E+03 4.6E+00 1.6E+03 3.1E-06  7.1E-01  2.5E-02 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl8 2.0E+03 0.0E+00 2.0E+03 3.8E-06 8.8E-01  0.0E+00  











 



 
 



C-43



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
tPCBs 2.1E+05 1.9E+04 2.3E+05 4.4E-04     



 
 
Felt Gasket/Inner (FGI) Experiment: Analytical Results (ng/L) 
 
Sample ID 1-123-1-



Q-3B 
1-123-1-
Q-3B-
B68 



1-123-1-
Q-3B-
B15 



1-123-1-
Q-3B-
T11 



1-123-1-
Q-3B-
T13 



1-123-1-
Q-3B-T2



1-123-1-
Q-3B-
T21 



1-123-1-
Q-3B-
T23 



1-123-1-
Q-3B-
T26 



1-123-1-
Q-3B-
T30 



1-123-1-
Q-3B-
T32 



1-123-1-
Q-3B-
T35 



1-123-1-
Q-3B-
T38 



1-123-1-
Q-3B-
T42 



1-123-1-
Q-3B-
T46 



1-123-1-
Q-3B-
T49 



1-123-1-
Q-3B-
T51 



1-123-1-
Q-3B-
T53 



Sample Date 7/5/01 7/5/01 6/20/00 3/9/00 3/14/00 3/8/00 3/28/00 4/11/00 5/3/00 5/30/00 7/4/00 8/15/00 9/26/00 11/7/00 1/23/01 3/6/01 4/17/01 6/26/01 
Units ng ng ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
Cl1 0 0 0 0 0 0 0 0 0 0 3.1 0 3.2 0 0 6.1 2.4 3.5 
Qual_Cl1 ND ND ND ND ND ND ND ND ND ND  ND  ND ND  J J 
Cl2 0 5.3 0 39 15 0 140 86 75 37 41 56 45 46 65 60 34 50 
Qual_Cl2 ND  ND   ND             
PCB8 0 0.99 0 2 8.1 0 16 13 16 14 17 21 17 17 25 26 14 17 
Qual_PCB8 ND J ND J  ND             
Cl3 0 17 0 9.2 24 0 52 50 56 60 71 110 61 63 83 98 64 79 
Qual_Cl3 ND  ND   ND             
PCB18 0 2.8 0 1.6 8.3 0 19 17 21 19 21 27 22 21 32 32 19 20 
Qual_PCB18 ND J ND J  ND             
PCB28 0 4 0 1 5.8 0 13 13 15 14 16 20 14 14 17 19 10 13 
Qual_PCB28 ND J ND J  ND             
Cl4 0 29 0 3.1 16 0 28 35 49 53 57 71 46 44 44 53 44 39 
Qual_Cl4 ND  ND   ND             
PCB44 0 2.9 0 0 1.8 0 5 5.9 6.9 7 8.3 9.8 6.7 6 7.6 9 5.3 5.1 
Qual_PCB44 ND J ND ND J ND           J J 
PCB49 0 1.4 0 0.35 1.5 0 2.5 2.9 3.1 3.1 3.6 3.9 3.2 2.4 3 3.5 3 2.8 
Qual_PCB49 ND J ND J J ND J       J J  J J 
PCB52 0 3.8 0 0.32 2 0 5.9 6.2 7.6 7.4 8.6 10 7.6 6.3 8.5 10 7.4 6.7 











 



 
 



C-44



Sample ID 1-123-1-
Q-3B 



1-123-1-
Q-3B-
B68 



1-123-1-
Q-3B-
B15 



1-123-1-
Q-3B-
T11 



1-123-1-
Q-3B-
T13 



1-123-1-
Q-3B-T2



1-123-1-
Q-3B-
T21 



1-123-1-
Q-3B-
T23 



1-123-1-
Q-3B-
T26 



1-123-1-
Q-3B-
T30 



1-123-1-
Q-3B-
T32 



1-123-1-
Q-3B-
T35 



1-123-1-
Q-3B-
T38 



1-123-1-
Q-3B-
T42 



1-123-1-
Q-3B-
T46 



1-123-1-
Q-3B-
T49 



1-123-1-
Q-3B-
T51 



1-123-1-
Q-3B-
T53 



Qual_PCB52 ND J ND J J ND             
PCB66 0 1.9 0 0 0.6 0 1.2 1.7 1.8 2.4 2.3 3.1 1.6 1.4 1.4 1.5 0 0 
Qual_PCB66 ND J ND ND J ND J J J J J  J J J J ND ND 
PCB77 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB77 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl5 0 43 0 0 0 0 11 20 15 28 39 36 20 22 0 24 0 0 
Qual_Cl5 ND  ND ND ND ND         ND  ND ND 
PCB87 0 1.1 0 0 0 0 0.54 0 0.95 0 0 1.9 1.2 0 0 0 0 0 
Qual_PCB87 ND J ND ND ND ND J ND J ND ND J J ND ND ND ND ND 
PCB101 0 1.8 0 0 0 0 0.93 1.5 2 2.6 2.7 3.1 1.9 2 0 0 0 0 
Qual_PCB101 ND J ND ND ND ND J J J J   J J ND ND ND ND 
PCB105 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB105 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB114 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB114 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB118 0 0.88 0 0 0 0 0 0 1.6 0 2 1.4 0 0 0 0 0 0 
Qual_PCB118 ND J ND ND ND ND ND ND J ND J J ND ND ND ND ND ND 
PCB123 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB123 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB126 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl6 0 9.8 0 0 0 0 2.7 15 19 0 32 32 0 2.5 0 0 0 0 
Qual_Cl6 ND  ND ND ND ND    ND   ND J ND ND ND ND 
PCB128 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB128 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB138 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB138 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB153 0 2.2 0 0 0 0 0 1.3 1.8 0 4.1 3.9 0 1.8 0 0 0 0 
Qual_PCB153 ND J ND ND ND ND ND J J ND   ND J ND ND ND ND 
PCB156 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB156 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB157 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB157 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB167 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 











 



 
 



C-45



Sample ID 1-123-1-
Q-3B 



1-123-1-
Q-3B-
B68 



1-123-1-
Q-3B-
B15 



1-123-1-
Q-3B-
T11 



1-123-1-
Q-3B-
T13 



1-123-1-
Q-3B-T2



1-123-1-
Q-3B-
T21 



1-123-1-
Q-3B-
T23 



1-123-1-
Q-3B-
T26 



1-123-1-
Q-3B-
T30 



1-123-1-
Q-3B-
T32 



1-123-1-
Q-3B-
T35 



1-123-1-
Q-3B-
T38 



1-123-1-
Q-3B-
T42 



1-123-1-
Q-3B-
T46 



1-123-1-
Q-3B-
T49 



1-123-1-
Q-3B-
T51 



1-123-1-
Q-3B-
T53 



Qual_PCB167 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB169 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB169 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl7 6600000



0 
110 11 0 10 0 15 45 62 99 130 100 57 67 63 64 35 5.6 



Qual_Cl7    ND  ND             
PCB170 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB170 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB180 6900000 20 0 0 0 0 1.2 6 10 18 15 15 6.3 11 7.6 8.5 4.9 0 
Qual_PCB180   ND ND ND ND J          J ND 
PCB183 0 3.4 0 0 0 0 0 0 2.4 0 3.2 3.1 1.9 2.7 0 0 0 0 
Qual_PCB183 ND J ND ND ND ND ND ND J ND   J J ND ND ND ND 
PCB184 0 0 0 0 0.58 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB184 ND ND ND ND J ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB187 1600000



0 
40 3.2 0 0 0 2.6 12 26 40 39 41 22 27 18 17 5.9 4.2 



Qual_PCB187    ND ND ND J           J 
PCB189 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB189 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl8 2800000



00 
410 31 0 0 0 25 140 250 350 230 220 87 140 88 140 66 31 



Qual_Cl8    ND ND ND             
PCB195 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB195 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl9 3000000



00 
110 4.8 0 0 0 12 37 130 100 49 57 36 43 9.3 43 27 0 



Qual_Cl9    ND ND ND            ND 
PCB206 1500000



00 
61 1.6 0 0 0 3.6 37 87 67 30 29 8.3 12 9.2 12 5.8 0 



Qual_PCB206   J ND ND ND            ND 
Cl10 3600000



0 
1.3 0 0 0 0 0 0 2.1 1.8 0 0 0 0 0 0 0 0 



Qual_Cl10  J ND ND ND ND ND ND J J ND ND ND ND ND ND ND ND 
PCB209 3600000



0 
1.3 0 0 0 0 0 0 2.1 1.8 0 0 0 0 0 0 0 0 



Qual_PCB209  J ND ND ND ND ND ND J J ND ND ND ND ND ND ND ND 
Min Reporting 3500000 5 2.7 2.7 2.6 2.7 2.7 2.7 2.7 2.8 2.7 2.6 2.7 5.4 5.4 2.7 5.4 5.4 











 



 
 



C-46



Sample ID 1-123-1-
Q-3B 



1-123-1-
Q-3B-
B68 



1-123-1-
Q-3B-
B15 



1-123-1-
Q-3B-
T11 



1-123-1-
Q-3B-
T13 



1-123-1-
Q-3B-T2



1-123-1-
Q-3B-
T21 



1-123-1-
Q-3B-
T23 



1-123-1-
Q-3B-
T26 



1-123-1-
Q-3B-
T30 



1-123-1-
Q-3B-
T32 



1-123-1-
Q-3B-
T35 



1-123-1-
Q-3B-
T38 



1-123-1-
Q-3B-
T42 



1-123-1-
Q-3B-
T46 



1-123-1-
Q-3B-
T49 



1-123-1-
Q-3B-
T51 



1-123-1-
Q-3B-
T53 



Limit 
MDL_cong_Cl1 700000 0.5 0.54 0.54 0.53 0.54 0.55 0.54 0.54 0.57 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 
MDL_cong_Cl2 700000 0.5 0.54 0.54 0.53 0.54 0.55 0.54 0.54 0.57 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 
MDL8 260000 0.42 0.45 0.46 0.45 0.45 0.46 0.45 0.46 0.48 0.45 0.45 0.45 0.46 0.46 0.23 0.45 0.45 
MDL_cong_Cl3 700000 0.5 0.54 0.54 0.53 0.54 0.55 0.54 0.54 0.57 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 
MDL18 300000 0.64 0.69 0.69 0.68 0.69 0.7 0.69 0.69 0.72 0.69 0.68 0.69 0.69 0.69 0.35 0.69 0.69 
MDL28 320000 0.53 0.56 0.57 0.56 0.56 0.58 0.56 0.57 0.6 0.56 0.56 0.56 0.57 0.57 0.28 0.56 0.56 
MDL_cong_Cl4 700000 0.5 0.54 0.54 0.53 0.54 0.55 0.54 0.54 0.57 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 
MDL44 260000 0.67 0.72 0.73 0.71 0.72 0.74 0.72 0.73 0.76 0.72 0.71 0.72 0.73 0.73 0.36 0.72 0.72 
MDL49 700000 0.75 0.8 0.81 0.79 0.8 0.82 0.8 0.81 0.85 0.8 0.79 0.8 0.81 0.81 0.4 0.8 0.8 
MDL52 330000 0.29 0.32 0.32 0.31 0.32 0.32 0.32 0.32 0.33 0.32 0.31 0.32 0.32 0.32 0.16 0.32 0.32 
MDL66 380000 0.64 0.69 0.7 0.68 0.69 0.71 0.69 0.7 0.73 0.69 0.68 0.69 0.7 0.7 0.35 0.69 0.69 
MDL77 480000 0.56 0.6 0.61 0.6 0.6 0.62 0.6 0.61 0.64 0.6 0.6 0.6 0.61 0.61 0.3 0.6 0.6 
MDL_cong_Cl5 700000 0.5 0.54 0.54 0.53 0.54 0.55 0.54 0.54 0.57 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 
MDL87 700000 0.77 0.82 0.83 0.81 0.82 0.84 0.82 0.83 0.87 0.82 0.81 0.82 0.83 0.83 0.42 0.82 0.82 
MDL101 280000 0.36 0.39 0.39 0.38 0.39 0.4 0.39 0.39 0.41 0.39 0.38 0.39 0.39 0.39 0.2 0.39 0.39 
MDL105 460000 0.41 0.44 0.44 0.43 0.44 0.45 0.44 0.44 0.46 0.44 0.43 0.44 0.44 0.44 0.22 0.44 0.44 
MDL114 700000 0.68 0.73 0.74 0.72 0.73 0.74 0.73 0.74 0.77 0.73 0.72 0.73 0.74 0.74 0.37 0.73 0.73 
MDL118 700000 0.66 0.7 0.71 0.7 0.7 0.72 0.7 0.71 0.74 0.7 0.7 0.7 0.71 0.71 0.36 0.7 0.7 
MDL123 700000 0.77 0.83 0.84 0.82 0.83 0.85 0.83 0.84 0.88 0.83 0.82 0.83 0.84 0.84 0.42 0.83 0.83 
MDL126 1000000 0.67 0.72 0.73 0.71 0.72 0.74 0.72 0.73 0.76 0.72 0.71 0.72 0.73 0.73 0.36 0.72 0.72 
MDL_cong_Cl6 700000 0.5 0.54 0.54 0.53 0.54 0.55 0.54 0.54 0.57 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 
MDL128 490000 0.25 0.27 0.27 0.26 0.27 0.27 0.27 0.27 0.28 0.27 0.26 0.27 0.27 0.27 0.14 0.27 0.27 
MDL138 680000 0.55 0.59 0.59 0.58 0.59 0.6 0.59 0.59 0.62 0.59 0.58 0.59 0.59 0.59 0.3 0.59 0.59 
MDL153 520000 0.27 0.29 0.29 0.28 0.29 0.29 0.29 0.29 0.3 0.29 0.28 0.29 0.29 0.29 0.14 0.29 0.29 
MDL156 700000 0.62 0.67 0.67 0.66 0.67 0.68 0.67 0.67 0.7 0.67 0.66 0.67 0.67 0.67 0.34 0.67 0.67 
MDL157 700000 0.61 0.65 0.66 0.65 0.65 0.67 0.65 0.66 0.69 0.65 0.65 0.65 0.66 0.66 0.33 0.65 0.65 
MDL167 700000 0.64 0.68 0.69 0.68 0.68 0.7 0.68 0.69 0.72 0.68 0.68 0.68 0.69 0.69 0.34 0.68 0.68 
MDL169 700000 0.59 0.63 0.64 0.63 0.63 0.65 0.63 0.64 0.67 0.63 0.63 0.63 0.64 0.64 0.32 0.63 0.63 
MDL-cong_Cl7 700000 0.5 0.54 0.54 0.53 0.54 0.55 0.54 0.54 0.57 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 
MDL170 310000 0.64 0.68 0.69 0.68 0.68 0.7 0.68 0.69 0.72 0.68 0.68 0.68 0.69 0.69 0.34 0.68 0.68 
MDL180 680000 0.65 0.7 0.71 0.69 0.7 0.72 0.7 0.71 0.74 0.7 0.69 0.7 0.71 0.71 0.35 0.7 0.7 
MDL183 700000 0.37 0.4 0.4 0.39 0.4 0.41 0.4 0.4 0.42 0.4 0.39 0.4 0.4 0.4 0.2 0.4 0.4 
MDL184 700000 0.5 0.54 0.55 0.54 0.54 0.55 0.54 0.55 0.57 0.54 0.54 0.54 0.55 0.55 0.27 0.54 0.54 











 



 
 



C-47



Sample ID 1-123-1-
Q-3B 



1-123-1-
Q-3B-
B68 



1-123-1-
Q-3B-
B15 



1-123-1-
Q-3B-
T11 



1-123-1-
Q-3B-
T13 



1-123-1-
Q-3B-T2



1-123-1-
Q-3B-
T21 



1-123-1-
Q-3B-
T23 



1-123-1-
Q-3B-
T26 



1-123-1-
Q-3B-
T30 



1-123-1-
Q-3B-
T32 



1-123-1-
Q-3B-
T35 



1-123-1-
Q-3B-
T38 



1-123-1-
Q-3B-
T42 



1-123-1-
Q-3B-
T46 



1-123-1-
Q-3B-
T49 



1-123-1-
Q-3B-
T51 



1-123-1-
Q-3B-
T53 



MDL187 300000 0.65 0.7 0.71 0.69 0.7 0.72 0.7 0.71 0.74 0.7 0.69 0.7 0.71 0.71 0.35 0.7 0.7 
MDL189 700000 0.71 0.76 0.77 0.75 0.76 0.78 0.76 0.77 0.8 0.76 0.75 0.76 0.77 0.77 0.38 0.76 0.76 
MDL_cong_Cl8 700000 0.5 0.54 0.54 0.53 0.54 0.55 0.54 0.54 0.57 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 
MDL195 470000 0.58 0.62 0.63 0.62 0.62 0.64 0.62 0.63 0.66 0.62 0.62 0.62 0.63 0.63 0.32 0.62 0.62 
MDL_cong_Cl9 700000 0.5 0.54 0.54 0.53 0.54 0.55 0.54 0.54 0.57 0.54 0.53 0.54 0.54 0.54 0.27 0.54 0.54 
MDL206 780000 0.23 0.24 0.24 0.24 0.24 0.25 0.24 0.24 0.26 0.24 0.24 0.24 0.24 0.24 0.12 0.24 0.24 
MDL_cong_Cl10 540000 0.57 0.61 0.62 0.61 0.61 0.63 0.61 0.62 0.65 0.61 0.61 0.61 0.62 0.62 0.31 0.61 0.61 
MDL209 540000 0.57 0.61 0.62 0.61 0.61 0.63 0.61 0.62 0.65 0.61 0.61 0.61 0.62 0.62 0.31 0.61 0.61 
Sample Delivery 
Group 



NC34SD
G006 



NC34SD
G004 



NC22SD
G016 



NC22SD
G001 



NC22SD
G002 



NC22SD
G001 



NC22SD
G004 



NC22SD
G006 



NC22SD
G009 



NC22SD
G013 



NC22SD
G018 



NC22SD
G023 



NC28SD
G001 



NC28SD
G005 



NC28SD
G011 



NC28SD
G016 



NC28SD
G022 



NC34SD
G003 



Sample Size 1 1 0.93 0.92 0.94 0.93 0.91 0.93 0.92 0.88 0.93 0.94 0.93 0.92 0.92 0.92 0.93 0.93 
Size Units   L L L L L L L L L L L L L L L L 



 
 
Felt Gasket/Inner (FGI) Experiment: PCB Mass per Sample (ng) 
 
 
Field ID 1-123-1-



Q-3B 
1-123-1-
Q-3B-
B68 



1-123-1-
Q-3B-
B15 



1-123-1-
Q-3B-
T11 



1-123-1-
Q-3B-
T13 



1-123-1-
Q-3B-T2



1-123-1-
Q-3B-
T21 



1-123-1-
Q-3B-
T23 



1-123-1-
Q-3B-
T26 



1-123-1-
Q-3B-
T30 



1-123-1-
Q-3B-
T32 



1-123-1-
Q-3B-
T35 



1-123-1-
Q-3B-
T38 



1-123-1-
Q-3B-
T42 



1-123-1-
Q-3B-
T46 



1-123-1-
Q-3B-
T49 



1-123-1-
Q-3B-
T51 



1-123-1-
Q-3B-
T53 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+00 0.0E+00 3.0E+00 0.0E+00 0.0E+00 5.6E+00 2.2E+00 3.3E+00 
Cl2 0.0E+00 5.3E+00 0.0E+00 3.6E+01 1.4E+01 0.0E+00 1.3E+02 8.0E+01 6.9E+01 3.3E+01 3.8E+01 5.3E+01 4.2E+01 4.2E+01 6.0E+01 5.5E+01 3.2E+01 4.7E+01 
PCB8 0.0E+00 9.9E-01 0.0E+00 1.8E+00 7.6E+00 0.0E+00 1.5E+01 1.2E+01 1.5E+01 1.2E+01 1.6E+01 2.0E+01 1.6E+01 1.6E+01 2.3E+01 2.4E+01 1.3E+01 1.6E+01 
Cl3 0.0E+00 1.7E+01 0.0E+00 8.5E+00 2.3E+01 0.0E+00 4.7E+01 4.7E+01 5.2E+01 5.3E+01 6.6E+01 1.0E+02 5.7E+01 5.8E+01 7.6E+01 9.0E+01 6.0E+01 7.3E+01 
PCB18 0.0E+00 2.8E+00 0.0E+00 1.5E+00 7.8E+00 0.0E+00 1.7E+01 1.6E+01 1.9E+01 1.7E+01 2.0E+01 2.5E+01 2.0E+01 1.9E+01 2.9E+01 2.9E+01 1.8E+01 1.9E+01 
PCB28 0.0E+00 4.0E+00 0.0E+00 9.2E-01 5.5E+00 0.0E+00 1.2E+01 1.2E+01 1.4E+01 1.2E+01 1.5E+01 1.9E+01 1.3E+01 1.3E+01 1.6E+01 1.7E+01 9.3E+00 1.2E+01 
Cl4 0.0E+00 2.9E+01 0.0E+00 2.9E+00 1.5E+01 0.0E+00 2.5E+01 3.3E+01 4.5E+01 4.7E+01 5.3E+01 6.7E+01 4.3E+01 4.0E+01 4.0E+01 4.9E+01 4.1E+01 3.6E+01 
PCB44 0.0E+00 2.9E+00 0.0E+00 0.0E+00 1.7E+00 0.0E+00 4.6E+00 5.5E+00 6.3E+00 6.2E+00 7.7E+00 9.2E+00 6.2E+00 5.5E+00 7.0E+00 8.3E+00 4.9E+00 4.7E+00 
PCB49 0.0E+00 1.4E+00 0.0E+00 3.2E-01 1.4E+00 0.0E+00 2.3E+00 2.7E+00 2.9E+00 2.7E+00 3.3E+00 3.7E+00 3.0E+00 2.2E+00 2.8E+00 3.2E+00 2.8E+00 2.6E+00 
PCB52 0.0E+00 3.8E+00 0.0E+00 2.9E-01 1.9E+00 0.0E+00 5.4E+00 5.8E+00 7.0E+00 6.5E+00 8.0E+00 9.4E+00 7.1E+00 5.8E+00 7.8E+00 9.2E+00 6.9E+00 6.2E+00 
PCB66 0.0E+00 1.9E+00 0.0E+00 0.0E+00 5.6E-01 0.0E+00 1.1E+00 1.6E+00 1.7E+00 2.1E+00 2.1E+00 2.9E+00 1.5E+00 1.3E+00 1.3E+00 1.4E+00 0.0E+00 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 4.3E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.0E+01 1.9E+01 1.4E+01 2.5E+01 3.6E+01 3.4E+01 1.9E+01 2.0E+01 0.0E+00 2.2E+01 0.0E+00 0.0E+00 
PCB87 0.0E+00 1.1E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.9E-01 0.0E+00 8.7E-01 0.0E+00 0.0E+00 1.8E+00 1.1E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB101 0.0E+00 1.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.5E-01 1.4E+00 1.8E+00 2.3E+00 2.5E+00 2.9E+00 1.8E+00 1.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB105 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



C-48



Field ID 1-123-1-
Q-3B 



1-123-1-
Q-3B-
B68 



1-123-1-
Q-3B-
B15 



1-123-1-
Q-3B-
T11 



1-123-1-
Q-3B-
T13 



1-123-1-
Q-3B-T2



1-123-1-
Q-3B-
T21 



1-123-1-
Q-3B-
T23 



1-123-1-
Q-3B-
T26 



1-123-1-
Q-3B-
T30 



1-123-1-
Q-3B-
T32 



1-123-1-
Q-3B-
T35 



1-123-1-
Q-3B-
T38 



1-123-1-
Q-3B-
T42 



1-123-1-
Q-3B-
T46 



1-123-1-
Q-3B-
T49 



1-123-1-
Q-3B-
T51 



1-123-1-
Q-3B-
T53 



PCB118 0.0E+00 8.8E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E+00 0.0E+00 1.9E+00 1.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 9.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.5E+00 1.4E+01 1.7E+01 0.0E+00 3.0E+01 3.0E+01 0.0E+00 2.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 0.0E+00 2.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E+00 1.7E+00 0.0E+00 3.8E+00 3.7E+00 0.0E+00 1.7E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 6.6E+07 1.1E+02 1.0E+01 0.0E+00 9.4E+00 0.0E+00 1.4E+01 4.2E+01 5.7E+01 8.7E+01 1.2E+02 9.4E+01 5.3E+01 6.2E+01 5.8E+01 5.9E+01 3.3E+01 5.2E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 6.9E+06 2.0E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.1E+00 5.6E+00 9.2E+00 1.6E+01 1.4E+01 1.4E+01 5.9E+00 1.0E+01 7.0E+00 7.8E+00 4.6E+00 0.0E+00 
PCB183 0.0E+00 3.4E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.2E+00 0.0E+00 3.0E+00 2.9E+00 1.8E+00 2.5E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.5E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 1.6E+07 4.0E+01 3.0E+00 0.0E+00 0.0E+00 0.0E+00 2.4E+00 1.1E+01 2.4E+01 3.5E+01 3.6E+01 3.9E+01 2.0E+01 2.5E+01 1.7E+01 1.6E+01 5.5E+00 3.9E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 2.8E+08 4.1E+02 2.9E+01 0.0E+00 0.0E+00 0.0E+00 2.3E+01 1.3E+02 2.3E+02 3.1E+02 2.1E+02 2.1E+02 8.1E+01 1.3E+02 8.1E+01 1.3E+02 6.1E+01 2.9E+01 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 3.0E+08 1.1E+02 4.5E+00 0.0E+00 0.0E+00 0.0E+00 1.1E+01 3.4E+01 1.2E+02 8.8E+01 4.6E+01 5.4E+01 3.3E+01 4.0E+01 8.6E+00 4.0E+01 2.5E+01 0.0E+00 
PCB206 1.5E+08 6.1E+01 1.5E+00 0.0E+00 0.0E+00 0.0E+00 3.3E+00 3.4E+01 8.0E+01 5.9E+01 2.8E+01 2.7E+01 7.7E+00 1.1E+01 8.5E+00 1.1E+01 5.4E+00 0.0E+00 
Cl10 3.6E+07 1.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.9E+00 1.6E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 3.6E+07 1.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.9E+00 1.6E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 6.8E+08 7.4E+02 4.4E+01 4.7E+01 6.1E+01 0.0E+00 2.6E+02 4.0E+02 6.1E+02 6.4E+02 6.1E+02 6.4E+02 3.3E+02 3.9E+02 3.2E+02 4.5E+02 2.5E+02 1.9E+02 
 
 
Felt Gasket/Inner (FGI) Experiment: Mass Balance 
 



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
Cl1 0.0E+00 1.7E+01 1.7E+01 5.7E-09 2.5E-06  3.2E-01  
Cl2 0.0E+00 7.3E+02 7.3E+02 2.5E-07 1.1E-04  1.4E+01  
PCB8 0.0E+00 2.1E+02 2.1E+02 7.0E-08  3.0E-05  3.9E+00 
Cl3 0.0E+00 8.1E+02 8.3E+02 2.8E-07 1.2E-04  1.5E+01  
PCB18 0.0E+00 2.6E+02 2.6E+02 8.8E-08  3.8E-05  4.9E+00 
PCB28 0.0E+00 1.7E+02 1.7E+02 5.9E-08  2.6E-05  3.2E+00 
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 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
Cl4 0.0E+00 5.4E+02 5.7E+02 1.9E-07 8.3E-05  1.0E+01  
PCB44 0.0E+00 7.8E+01 8.1E+01 2.7E-08  1.2E-05  1.5E+00 
PCB49 0.0E+00 3.6E+01 3.7E+01 1.3E-08  5.5E-06  6.8E-01 
PCB52 0.0E+00 8.7E+01 9.1E+01 3.1E-08  1.3E-05  1.7E+00 
PCB66 0.0E+00 1.8E+01 1.9E+01 6.6E-09  2.8E-06  3.3E-01 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl5 0.0E+00 2.0E+02 2.4E+02 8.1E-08 3.5E-05  3.8E+00  
PCB87 0.0E+00 4.3E+00 5.4E+00 1.8E-09  7.9E-07  8.1E-02 
PCB101 0.0E+00 1.5E+01 1.7E+01 5.8E-09  2.5E-06  2.9E-01 
PCB105 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB118 0.0E+00 4.6E+00 5.5E+00 1.9E-09  8.1E-07  8.9E-02 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl6 0.0E+00 9.6E+01 1.1E+02 3.6E-08 1.6E-05  1.8E+00  
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB153 0.0E+00 1.2E+01 1.4E+01 4.8E-09  2.1E-06  2.3E-01 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl7 6.6E+07 7.0E+02 6.6E+07 2.2E-02 9.7E+00  1.3E+01  
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB180 6.9E+06 9.5E+01 6.9E+06 2.3E-03  1.0E+00  1.8E+00 
PCB183 0.0E+00 1.2E+01 1.6E+01 5.3E-09  2.3E-06  2.4E-01 
PCB184 0.0E+00 5.5E-01 5.5E-01 1.8E-10  8.0E-08  1.0E-02 
PCB187 1.6E+07 2.4E+02 1.6E+07 5.4E-03  2.3E+00  4.5E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl8 2.8E+08 1.7E+03 2.8E+08 9.5E-02 4.1E+01  3.1E+01  
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl9 3.0E+08 5.0E+02 3.0E+08 1.0E-01 4.4E+01  9.6E+00  
PCB206 1.5E+08 2.8E+02 1.5E+08 5.1E-02  2.2E+01  5.3E+00 
Cl10 3.6E+07 3.5E+00 3.6E+07 1.2E-02 5.3E+00  6.7E-02  
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 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
PCB209 3.6E+07 3.5E+00 3.6E+07 1.2E-02  5.3E+00  6.7E-02 
tPCBs 6.8E+08 5.2E+03 6.8E+08 2.3E-01     



 
 
Felt Gasket/Outer (FGO) Experiment: Analytical Results (ng/L) 
 
Sample ID 1-123-1-



Q-3D 
1-123-1-
Q-3D-
B65 



1-123-1-
Q-3D-



B9 



1-123-1-
Q-3D-



T1 



1-123-1-
Q-3D-
T10 



1-123-1-
Q-3D-
T14 



1-123-1-
Q-3D-
T17 



1-123-1-
Q-3D-
T21 



1-123-1-
Q-3D-
T23 



1-123-1-
Q-3D-
T25 



1-123-1-
Q-3D-
T28 



1-123-1-
Q-3D-
T31 



1-123-1-
Q-3D-
T34 



1-123-1-
Q-3D-
T36 



1-123-1-
Q-3D-
T39 



1-123-1-
Q-3D-
T42 



1-123-1-
Q-3D-
T44 



1-123-1-
Q-3D-
T46 



Sample Date 7/11/01 7/11/01 6/6/00 4/12/00 4/13/00 4/18/00 5/3/00 5/24/00 6/20/00 8/1/00 9/5/00 10/17/00 11/28/00 1/2/01 2/13/01 3/27/01 4/24/01 7/10/01 
Units ng ng ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
Cl1 0 0 0 0 0 0 0 0 0 2.4 0 0 0 0 0 0 0 0 
Qual_Cl1 ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND ND ND 
Cl2 0 0 0 0 0 15 28 33 33 24 20 24 22 5.9 16 21 20 28 
Qual_Cl2 ND ND ND ND ND              
PCB8 0 0 0 0 0 2 7.8 8.8 11 8.6 8.3 8.3 7.9 5.3 5.5 5.8 5.2 8.2 
Qual_PCB8 ND ND ND ND ND J        J   J  
Cl3 50000 15 0 0 0 14 34 42 58 49 40 38 45 37 28 30 33 40 
Qual_Cl3 J  ND ND ND              
PCB18 0 2.7 0 0 0 3.4 11 14 18 15 14 13 14 9.2 9.1 9.7 9.2 12 
Qual_PCB18 ND J ND ND ND              
PCB28 50000 2 0 0 0 2.8 9.7 11 14 11 10 10 9 7.2 6 6.6 6 6.8 
Qual_PCB28 J J ND ND ND              
Cl4 87000 30 0 0 0 7.3 31 38 58 49 49 41 57 26 28 22 23 29 
Qual_Cl4 J  ND ND ND              
PCB44 0 2.7 0 0 0 1.2 3.8 4.9 7.1 5.7 5.5 5.4 5.6 3.1 3.5 3.2 3.2 4.9 
Qual_PCB44 ND J ND ND ND J        J  J J J 
PCB49 0 0 0 0 0 0.72 2.1 3.3 3.4 3.3 2.3 2.6 2.8 1.9 1.7 1.5 0 3.6 
Qual_PCB49 ND ND ND ND ND J J    J J J J J J ND J 
PCB52 87000 2.6 0 0 0 1.4 4.2 5.6 8 6.4 5.8 5.8 6.9 4.8 4.4 4.4 4.5 4.5 
Qual_PCB52 J J ND ND ND J        J  J J J 
PCB66 0 0 0 0 0 0 3 1.4 2.6 1.5 1.2 1.6 1.5 0 0.93 0.79 0 0 
Qual_PCB66 ND ND ND ND ND ND  J J J J J J ND J J ND ND 
PCB77 0 0 0 0 0 0 1.1 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB77 ND ND ND ND ND ND J ND ND ND ND ND ND ND ND ND ND ND 











 



 
 



C-51



Sample ID 1-123-1-
Q-3D 



1-123-1-
Q-3D-
B65 



1-123-1-
Q-3D-



B9 



1-123-1-
Q-3D-



T1 



1-123-1-
Q-3D-
T10 



1-123-1-
Q-3D-
T14 



1-123-1-
Q-3D-
T17 



1-123-1-
Q-3D-
T21 



1-123-1-
Q-3D-
T23 



1-123-1-
Q-3D-
T25 



1-123-1-
Q-3D-
T28 



1-123-1-
Q-3D-
T31 



1-123-1-
Q-3D-
T34 



1-123-1-
Q-3D-
T36 



1-123-1-
Q-3D-
T39 



1-123-1-
Q-3D-
T42 



1-123-1-
Q-3D-
T44 



1-123-1-
Q-3D-
T46 



Cl5 170000 0 0 0 0 0 14 17 21 27 19 12 16 0 12 0 0 0 
Qual_Cl5 J ND ND ND ND ND        ND  ND ND ND 
PCB87 0 0 0 0 0 0 0 0 0 0.84 0 1.2 0 0 0 0 0 0 
Qual_PCB87 ND ND ND ND ND ND ND ND ND J ND J ND ND ND ND ND ND 
PCB101 0 0 0 0 0 0 0.83 1.5 2.3 2 1.3 1.9 2.4 0 1.2 0 0 0 
Qual_PCB101 ND ND ND ND ND ND J J J J J J J ND J ND ND ND 
PCB105 0 0 0 0 0 0 1.1 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB105 ND ND ND ND ND ND J ND ND ND ND ND ND ND ND ND ND ND 
PCB114 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB114 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB118 0 0 0 0 0 0 1.3 0 0 1.1 0 0 0 0 0 0 0 0 
Qual_PCB118 ND ND ND ND ND ND J ND ND J ND ND ND ND ND ND ND ND 
PCB123 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB123 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB126 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl6 160000 0 0 0 0 0 0 0 0 14 0 8.8 0 0 24 0 0 0 
Qual_Cl6 J ND ND ND ND ND ND ND ND  ND  ND ND  ND ND ND 
PCB128 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB128 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB138 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB138 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB153 270000 0 0 0 0 0 0 0 0 1.3 0 1.9 0 0 0.77 0 0 0 
Qual_PCB153 J ND ND ND ND ND ND ND ND J ND J ND ND J ND ND ND 
PCB156 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB156 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB157 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB157 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB167 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB167 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB169 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB169 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl7 1100000



0 
110 0 0 0 0 0 2.9 13 37 26 47 12 13 37 28 6.7 4.9 



Qual_Cl7   ND ND ND ND ND           J 
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Sample ID 1-123-1-
Q-3D 



1-123-1-
Q-3D-
B65 



1-123-1-
Q-3D-



B9 



1-123-1-
Q-3D-



T1 



1-123-1-
Q-3D-
T10 



1-123-1-
Q-3D-
T14 



1-123-1-
Q-3D-
T17 



1-123-1-
Q-3D-
T21 



1-123-1-
Q-3D-
T23 



1-123-1-
Q-3D-
T25 



1-123-1-
Q-3D-
T28 



1-123-1-
Q-3D-
T31 



1-123-1-
Q-3D-
T34 



1-123-1-
Q-3D-
T36 



1-123-1-
Q-3D-
T39 



1-123-1-
Q-3D-
T42 



1-123-1-
Q-3D-
T44 



1-123-1-
Q-3D-
T46 



PCB170 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB170 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB180 1600000 11 0 0 0 0 0 0 0 2.3 0 2.4 0 0 3.3 2 0 0 
Qual_PCB180   ND ND ND ND ND ND ND J ND J ND ND  J ND ND 
PCB183 350000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB183 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB184 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB184 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB187 4000000 31 0 0 0 0 0 2.2 7.1 10 7.5 12 8.2 12 9.7 6.4 5.5 3.1 
Qual_PCB187   ND ND ND ND ND J          J 
PCB189 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB189 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl8 5400000



0 
280 0 0 0 0 0 0 22 10 12 59 0 0 15 14 17 0 



Qual_Cl8   ND ND ND ND ND ND     ND ND    ND 
PCB195 650000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB195  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl9 4300000



0 
86 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



Qual_Cl9   ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB206 2300000



0 
30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



Qual_PCB206   ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl10 3600000 2.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl10  J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB209 3600000 2.8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB209  J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Min Reporting 
Limit 



440000 5 2.6 2.6 2.7 2.7 2.6 2.8 2.7 2.7 2.7 5.4 5.4 5.4 2.7 5.4 5.4 5.4 



MDL_cong_Cl1 87000 0.5 0.53 0.53 0.54 0.54 0.53 0.57 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL_cong_Cl2 87000 0.5 0.53 0.53 0.54 0.54 0.53 0.57 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL8 32000 0.42 0.45 0.45 0.46 0.46 0.45 0.48 0.45 0.45 0.45 0.45 0.45 0.46 0.23 0.46 0.45 0.46 
MDL_cong_Cl3 87000 0.5 0.53 0.53 0.54 0.54 0.53 0.57 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL18 38000 0.64 0.68 0.68 0.69 0.69 0.68 0.72 0.69 0.69 0.69 0.69 0.69 0.69 0.35 0.69 0.69 0.69 
MDL28 40000 0.53 0.56 0.56 0.57 0.57 0.56 0.6 0.56 0.56 0.56 0.56 0.56 0.57 0.28 0.57 0.56 0.57 
MDL_cong_Cl4 87000 0.5 0.53 0.53 0.54 0.54 0.53 0.57 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
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Sample ID 1-123-1-
Q-3D 



1-123-1-
Q-3D-
B65 



1-123-1-
Q-3D-



B9 



1-123-1-
Q-3D-



T1 



1-123-1-
Q-3D-
T10 



1-123-1-
Q-3D-
T14 



1-123-1-
Q-3D-
T17 



1-123-1-
Q-3D-
T21 



1-123-1-
Q-3D-
T23 



1-123-1-
Q-3D-
T25 



1-123-1-
Q-3D-
T28 



1-123-1-
Q-3D-
T31 



1-123-1-
Q-3D-
T34 



1-123-1-
Q-3D-
T36 



1-123-1-
Q-3D-
T39 



1-123-1-
Q-3D-
T42 



1-123-1-
Q-3D-
T44 



1-123-1-
Q-3D-
T46 



MDL44 32000 0.67 0.71 0.71 0.73 0.73 0.71 0.76 0.72 0.72 0.72 0.72 0.72 0.73 0.36 0.73 0.72 0.73 
MDL49 87000 0.75 0.79 0.79 0.81 0.81 0.79 0.85 0.8 0.8 0.8 0.8 0.8 0.81 0.4 0.81 0.8 0.81 
MDL52 41000 0.29 0.31 0.31 0.32 0.32 0.31 0.33 0.32 0.32 0.32 0.32 0.32 0.32 0.16 0.32 0.32 0.32 
MDL66 48000 0.64 0.68 0.68 0.7 0.7 0.68 0.73 0.69 0.69 0.69 0.69 0.69 0.7 0.35 0.7 0.69 0.7 
MDL77 60000 0.56 0.6 0.6 0.61 0.61 0.6 0.64 0.6 0.6 0.6 0.6 0.6 0.61 0.3 0.61 0.6 0.61 
MDL_cong_Cl5 87000 0.5 0.53 0.53 0.54 0.54 0.53 0.57 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL87 87000 0.77 0.81 0.81 0.83 0.83 0.81 0.87 0.82 0.82 0.82 0.82 0.82 0.83 0.42 0.83 0.82 0.83 
MDL101 35000 0.36 0.38 0.38 0.39 0.39 0.38 0.41 0.39 0.39 0.39 0.39 0.39 0.39 0.2 0.39 0.39 0.39 
MDL105 58000 0.41 0.43 0.43 0.44 0.44 0.43 0.46 0.44 0.44 0.44 0.44 0.44 0.44 0.22 0.44 0.44 0.44 
MDL114 87000 0.68 0.72 0.72 0.74 0.74 0.72 0.77 0.73 0.73 0.73 0.73 0.73 0.74 0.37 0.74 0.73 0.74 
MDL118 87000 0.66 0.7 0.7 0.71 0.71 0.7 0.74 0.7 0.7 0.7 0.7 0.7 0.71 0.36 0.71 0.7 0.71 
MDL123 87000 0.77 0.82 0.82 0.84 0.84 0.82 0.88 0.83 0.83 0.83 0.83 0.83 0.84 0.42 0.84 0.83 0.84 
MDL126 130000 0.67 0.71 0.71 0.73 0.73 0.71 0.76 0.72 0.72 0.72 0.72 0.72 0.73 0.36 0.73 0.72 0.73 
MDL_cong_Cl6 87000 0.5 0.53 0.53 0.54 0.54 0.53 0.57 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL128 62000 0.25 0.26 0.26 0.27 0.27 0.26 0.28 0.27 0.27 0.27 0.27 0.27 0.27 0.14 0.27 0.27 0.27 
MDL138 85000 0.55 0.58 0.58 0.59 0.59 0.58 0.62 0.59 0.59 0.59 0.59 0.59 0.59 0.3 0.59 0.59 0.59 
MDL153 65000 0.27 0.28 0.28 0.29 0.29 0.28 0.3 0.29 0.29 0.29 0.29 0.29 0.29 0.14 0.29 0.29 0.29 
MDL156 87000 0.62 0.66 0.66 0.67 0.67 0.66 0.7 0.67 0.67 0.67 0.67 0.67 0.67 0.34 0.67 0.67 0.67 
MDL157 87000 0.61 0.65 0.65 0.66 0.66 0.65 0.69 0.65 0.65 0.65 0.65 0.65 0.66 0.33 0.66 0.65 0.66 
MDL167 87000 0.64 0.68 0.68 0.69 0.69 0.68 0.72 0.68 0.68 0.68 0.68 0.68 0.69 0.34 0.69 0.68 0.69 
MDL169 87000 0.59 0.63 0.63 0.64 0.64 0.63 0.67 0.63 0.63 0.63 0.63 0.63 0.64 0.32 0.64 0.63 0.64 
MDL-cong_Cl7 87000 0.5 0.53 0.53 0.54 0.54 0.53 0.57 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL170 39000 0.64 0.68 0.68 0.69 0.69 0.68 0.72 0.68 0.68 0.68 0.68 0.68 0.69 0.34 0.69 0.68 0.69 
MDL180 85000 0.65 0.69 0.69 0.71 0.71 0.69 0.74 0.7 0.7 0.7 0.7 0.7 0.71 0.35 0.71 0.7 0.71 
MDL183 87000 0.37 0.39 0.39 0.4 0.4 0.39 0.42 0.4 0.4 0.4 0.4 0.4 0.4 0.2 0.4 0.4 0.4 
MDL184 87000 0.5 0.54 0.54 0.55 0.55 0.54 0.57 0.54 0.54 0.54 0.54 0.54 0.55 0.27 0.55 0.54 0.55 
MDL187 37000 0.65 0.69 0.69 0.71 0.71 0.69 0.74 0.7 0.7 0.7 0.7 0.7 0.71 0.35 0.71 0.7 0.71 
MDL189 87000 0.71 0.75 0.75 0.77 0.77 0.75 0.8 0.76 0.76 0.76 0.76 0.76 0.77 0.38 0.77 0.76 0.77 
MDL_cong_Cl8 87000 0.5 0.53 0.53 0.54 0.54 0.53 0.57 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL195 58000 0.58 0.62 0.62 0.63 0.63 0.62 0.66 0.62 0.62 0.62 0.62 0.62 0.63 0.32 0.63 0.62 0.63 
MDL_cong_Cl9 87000 0.5 0.53 0.53 0.54 0.54 0.53 0.57 0.54 0.54 0.54 0.54 0.54 0.54 0.27 0.54 0.54 0.54 
MDL206 97000 0.23 0.24 0.24 0.24 0.24 0.24 0.26 0.24 0.24 0.24 0.24 0.24 0.24 0.12 0.24 0.24 0.24 
MDL_cong_Cl10 67000 0.57 0.61 0.61 0.62 0.62 0.61 0.65 0.61 0.61 0.61 0.61 0.61 0.62 0.31 0.62 0.61 0.62 
MDL209 67000 0.57 0.61 0.61 0.62 0.62 0.61 0.65 0.61 0.61 0.61 0.61 0.61 0.62 0.31 0.62 0.61 0.62 











 



 
 



C-54



Sample ID 1-123-1-
Q-3D 



1-123-1-
Q-3D-
B65 



1-123-1-
Q-3D-



B9 



1-123-1-
Q-3D-



T1 



1-123-1-
Q-3D-
T10 



1-123-1-
Q-3D-
T14 



1-123-1-
Q-3D-
T17 



1-123-1-
Q-3D-
T21 



1-123-1-
Q-3D-
T23 



1-123-1-
Q-3D-
T25 



1-123-1-
Q-3D-
T28 



1-123-1-
Q-3D-
T31 



1-123-1-
Q-3D-
T34 



1-123-1-
Q-3D-
T36 



1-123-1-
Q-3D-
T39 



1-123-1-
Q-3D-
T42 



1-123-1-
Q-3D-
T44 



1-123-1-
Q-3D-
T46 



Sample Delivery 
Group 



NC34SD
G006 



NC34SD
G005 



NC22SD
G015 



NC22SD
G006 



NC22SD
G006 



NC22SD
G007 



NC22SD
G009 



NC22SD
G012 



NC22SD
G016 



NC22SD
G021 



NC22SD
G025 



NC28SD
G002 



NC28SD
G007 



NC28SD
G010 



NC28SD
G013 



NC28SD
G019 



NC28SD
G023 



NC34SD
G005 



Sample Size 1 1 0.94 0.94 0.92 0.92 0.94 0.88 0.93 0.93 0.93 0.93 0.93 0.92 0.92 0.92 0.93 0.92 
Size Units   L L L L L L L L L L L L L L L L 



 
 
Felt Gasket/Outer (FGO) Experiment: PCB Mass per Sample (ng) 
 
 
Field ID 1-123-1-



Q-3D 
1-123-1-
Q-3D-
B65 



1-123-1-
Q-3D-B9 



1-123-1-
Q-3D-T1 



1-123-1-
Q-3D-
T10 



1-123-1-
Q-3D-
T14 



1-123-1-
Q-3D-
T17 



1-123-1-
Q-3D-
T21 



1-123-1-
Q-3D-
T23 



1-123-1-
Q-3D-
T25 



1-123-1-
Q-3D-
T28 



1-123-1-
Q-3D-
T31 



1-123-1-
Q-3D-
T34 



1-123-1-
Q-3D-
T36 



1-123-1-
Q-3D-
T39 



1-123-1-
Q-3D-
T42 



1-123-1-
Q-3D-
T44 



1-123-1-
Q-3D-
T46 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E+01 2.6E+01 2.9E+01 3.1E+01 2.2E+01 1.9E+01 2.2E+01 2.0E+01 5.4E+00 1.5E+01 1.9E+01 1.9E+01 2.6E+01 
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.8E+00 7.3E+00 7.7E+00 1.0E+01 8.0E+00 7.7E+00 7.7E+00 7.3E+00 4.9E+00 5.1E+00 5.3E+00 4.8E+00 7.5E+00 
Cl3 5.0E+04 1.5E+01 0.0E+00 0.0E+00 0.0E+00 1.3E+01 3.2E+01 3.7E+01 5.4E+01 4.6E+01 3.7E+01 3.5E+01 4.2E+01 3.4E+01 2.6E+01 2.8E+01 3.1E+01 3.7E+01 
PCB18 0.0E+00 2.7E+00 0.0E+00 0.0E+00 0.0E+00 3.1E+00 1.0E+01 1.2E+01 1.7E+01 1.4E+01 1.3E+01 1.2E+01 1.3E+01 8.5E+00 8.4E+00 8.9E+00 8.6E+00 1.1E+01 
PCB28 5.0E+04 2.0E+00 0.0E+00 0.0E+00 0.0E+00 2.6E+00 9.1E+00 9.7E+00 1.3E+01 1.0E+01 9.3E+00 9.3E+00 8.4E+00 6.6E+00 5.5E+00 6.1E+00 5.6E+00 6.3E+00 
Cl4 8.7E+04 3.0E+01 0.0E+00 0.0E+00 0.0E+00 6.7E+00 2.9E+01 3.3E+01 5.4E+01 4.6E+01 4.6E+01 3.8E+01 5.3E+01 2.4E+01 2.6E+01 2.0E+01 2.1E+01 2.7E+01 
PCB44 0.0E+00 2.7E+00 0.0E+00 0.0E+00 0.0E+00 1.1E+00 3.6E+00 4.3E+00 6.6E+00 5.3E+00 5.1E+00 5.0E+00 5.2E+00 2.9E+00 3.2E+00 2.9E+00 3.0E+00 4.5E+00 
PCB49 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 6.6E-01 2.0E+00 2.9E+00 3.2E+00 3.1E+00 2.1E+00 2.4E+00 2.6E+00 1.7E+00 1.6E+00 1.4E+00 0.0E+00 3.3E+00 
PCB52 8.7E+04 2.6E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+00 3.9E+00 4.9E+00 7.4E+00 6.0E+00 5.4E+00 5.4E+00 6.4E+00 4.4E+00 4.0E+00 4.0E+00 4.2E+00 4.1E+00 
PCB66 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.8E+00 1.2E+00 2.4E+00 1.4E+00 1.1E+00 1.5E+00 1.4E+00 0.0E+00 8.6E-01 7.3E-01 0.0E+00 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 1.7E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+01 1.5E+01 2.0E+01 2.5E+01 1.8E+01 1.1E+01 1.5E+01 0.0E+00 1.1E+01 0.0E+00 0.0E+00 0.0E+00 
PCB87 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.8E-01 0.0E+00 1.1E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB101 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.8E-01 1.3E+00 2.1E+00 1.9E+00 1.2E+00 1.8E+00 2.2E+00 0.0E+00 1.1E+00 0.0E+00 0.0E+00 0.0E+00 
PCB105 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E+00 0.0E+00 0.0E+00 1.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 1.6E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+01 0.0E+00 8.2E+00 0.0E+00 0.0E+00 2.2E+01 0.0E+00 0.0E+00 0.0E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



C-55



Field ID 1-123-1-
Q-3D 



1-123-1-
Q-3D-
B65 



1-123-1-
Q-3D-B9 



1-123-1-
Q-3D-T1 



1-123-1-
Q-3D-
T10 



1-123-1-
Q-3D-
T14 



1-123-1-
Q-3D-
T17 



1-123-1-
Q-3D-
T21 



1-123-1-
Q-3D-
T23 



1-123-1-
Q-3D-
T25 



1-123-1-
Q-3D-
T28 



1-123-1-
Q-3D-
T31 



1-123-1-
Q-3D-
T34 



1-123-1-
Q-3D-
T36 



1-123-1-
Q-3D-
T39 



1-123-1-
Q-3D-
T42 



1-123-1-
Q-3D-
T44 



1-123-1-
Q-3D-
T46 



PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 2.7E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E+00 0.0E+00 1.8E+00 0.0E+00 0.0E+00 7.1E-01 0.0E+00 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 1.1E+07 1.1E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.6E+00 1.2E+01 3.4E+01 2.4E+01 4.4E+01 1.1E+01 1.2E+01 3.4E+01 2.6E+01 6.2E+00 4.5E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 1.6E+06 1.1E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.1E+00 0.0E+00 2.2E+00 0.0E+00 0.0E+00 3.0E+00 1.8E+00 0.0E+00 0.0E+00 
PCB183 3.5E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 4.0E+06 3.1E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.9E+00 6.6E+00 9.3E+00 7.0E+00 1.1E+01 7.6E+00 1.1E+01 8.9E+00 5.9E+00 5.1E+00 2.9E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 5.4E+07 2.8E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.0E+01 9.3E+00 1.1E+01 5.5E+01 0.0E+00 0.0E+00 1.4E+01 1.3E+01 1.6E+01 0.0E+00 
PCB195 6.5E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 4.3E+07 8.6E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 2.3E+07 3.0E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 3.6E+06 2.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 3.6E+06 2.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 1.1E+08 5.2E+02 0.0E+00 0.0E+00 0.0E+00 3.3E+01 1.0E+02 1.2E+02 1.9E+02 2.0E+02 1.5E+02 2.1E+02 1.4E+02 7.5E+01 1.5E+02 1.1E+02 9.3E+01 9.4E+01 



 
 
Felt Gasket/Outer (FGO) Experiment: Mass Balance 
 



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
Cl1 0.0E+00 2.2E+00 2.2E+00 2.3E-09 2.0E-06  1.0E-01  
Cl2 0.0E+00 2.7E+02 2.7E+02 2.8E-07 2.4E-04  1.2E+01  
PCB8 0.0E+00 8.6E+01 8.6E+01 9.0E-08  7.6E-05  3.9E+00 
Cl3 5.0E+04 4.7E+02 5.0E+04 5.3E-05 4.5E-02  2.1E+01  
PCB18 0.0E+00 1.4E+02 1.4E+02 1.5E-07  1.3E-04  6.5E+00 
PCB28 5.0E+04 1.0E+02 5.0E+04 5.2E-05  4.5E-02  4.7E+00 











 



 
 



C-56



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
Cl4 8.7E+04 4.5E+02 8.7E+04 9.2E-05 7.8E-02  2.1E+01  
PCB44 0.0E+00 5.5E+01 5.5E+01 5.8E-08  4.9E-05  2.5E+00 
PCB49 0.0E+00 2.7E+01 2.7E+01 2.8E-08  2.4E-05  1.2E+00 
PCB52 8.7E+04 6.4E+01 8.7E+04 9.1E-05  7.8E-02  2.9E+00 
PCB66 0.0E+00 1.3E+01 1.3E+01 1.4E-08  1.2E-05  6.1E-01 
PCB77 0.0E+00 1.0E+00 1.0E+00 1.1E-09  9.2E-07  4.7E-02 
Cl5 1.7E+05 1.3E+02 1.7E+05 1.8E-04 1.5E-01  5.8E+00  
PCB87 0.0E+00 1.9E+00 1.9E+00 2.0E-09  1.7E-06  8.7E-02 
PCB101 0.0E+00 1.2E+01 1.2E+01 1.3E-08  1.1E-05  5.7E-01 
PCB105 0.0E+00 1.0E+00 1.0E+00 1.1E-09  9.2E-07  4.7E-02 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB118 0.0E+00 2.2E+00 2.2E+00 2.4E-09  2.0E-06  1.0E-01 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl6 1.6E+05 4.3E+01 1.6E+05 1.7E-04 1.4E-01  2.0E+00  
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB153 2.7E+05 3.7E+00 2.7E+05 2.8E-04  2.4E-01  1.7E-01 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl7 1.1E+07 3.2E+02 1.1E+07 1.2E-02 9.8E+00  1.5E+01  
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB180 1.6E+06 2.0E+01 1.6E+06 1.7E-03  1.4E+00  9.3E-01 
PCB183 3.5E+05 0.0E+00 3.5E+05 3.7E-04  3.1E-01  0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB187 4.0E+06 1.1E+02 4.0E+06 4.2E-03  3.6E+00  5.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl8 5.4E+07 4.2E+02 5.4E+07 5.7E-02 4.8E+01  1.9E+01  
PCB195 6.5E+05 0.0E+00 6.5E+05 6.8E-04  5.8E-01  0.0E+00 
Cl9 4.3E+07 8.6E+01 4.3E+07 4.5E-02 3.8E+01  3.9E+00  
PCB206 2.3E+07 3.0E+01 2.3E+07 2.4E-02  2.1E+01  1.4E+00 
Cl10 3.6E+06 2.8E+00 3.6E+06 3.8E-03 3.2E+00  1.3E-01  











 



 
 



C-57



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
PCB209 3.6E+06 2.8E+00 3.6E+06 3.8E-03  3.2E+00  1.3E-01 
tPCBs 1.1E+08 2.2E+03 1.1E+08 1.2E-01     



 
 
Aluminized Paint (AP) Experiment: Analytical Results (ng/L) 
 
Sample ID 5-110-0-



E-4B 
5-110-0-



E-4B-
B67 



5-110-0-
E-4B-
B13 



5-110-0-
E-4B-T1



5-110-0-
E-4B-
T11 



5-110-0-
E-4B-
T13 



5-110-0-
E-4B-
T16 



5-110-0-
E-4B-
T18 



5-110-0-
E-4B-
T23 



5-110-0-
E-4B-
T25 



5-110-0-
E-4B-
T28 



5-110-0-
E-4B-
T31 



5-110-0-
E-4B-
T35 



5-110-0-
E-4B-
T38 



5-110-0-
E-4B-
T41 



5-110-0-
E-4B-
T44 



5-110-0-
E-4B-
T46 



5-110-0-
E-4B-
T48 



Sample Date 6/28/01 6/28/01 6/6/00 3/14/00 3/15/00 3/21/00 4/4/00 4/25/00 5/24/00 6/27/00 8/8/00 9/19/00 10/31/00 12/12/00 1/23/01 3/6/01 4/17/01 6/26/01 
Units ng ng ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
Cl1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl3 0 0 0 0 0 0 2.1 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl3 ND ND ND ND ND ND J ND ND ND ND ND ND ND ND ND ND ND 
PCB18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB18 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB28 0 0 0 0 0 0 0.34 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB28 ND ND ND ND ND ND  ND ND ND ND ND ND ND ND ND ND ND 
Cl4 10000 0 0 0 0 3.9 8.2 3.6 4.7 6.2 13 11 6.8 2.3 2.4 9.1 2.7 5.7 
Qual_Cl4  ND ND ND ND         J J  J  
PCB44 1400 0 0 0 0 0 0.9 0 1.3 0 1.6 1.3 0 0 0 1.5 0 1.3 
Qual_PCB44  ND ND ND ND ND J ND J ND J J ND ND ND J ND J 
PCB49 440 0 0 0 0 0.58 0.62 0 0.53 0 0.6 0 0 0 0 0 0 0 
Qual_PCB49 J ND ND ND ND J  ND J ND J ND ND ND ND ND ND ND 
PCB52 3100 0 0 0 0 0.77 1.3 1.7 2.1 1.9 2.6 2.4 2.7 2.4 2.1 3.1 2.2 1.7 
Qual_PCB52  ND ND ND ND J J J J J J J J J J  J J 
PCB66 230 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB66 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB77 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB77 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 











 



 
 



C-58



Sample ID 5-110-0-
E-4B 



5-110-0-
E-4B-
B67 



5-110-0-
E-4B-
B13 



5-110-0-
E-4B-T1



5-110-0-
E-4B-
T11 



5-110-0-
E-4B-
T13 



5-110-0-
E-4B-
T16 



5-110-0-
E-4B-
T18 



5-110-0-
E-4B-
T23 



5-110-0-
E-4B-
T25 



5-110-0-
E-4B-
T28 



5-110-0-
E-4B-
T31 



5-110-0-
E-4B-
T35 



5-110-0-
E-4B-
T38 



5-110-0-
E-4B-
T41 



5-110-0-
E-4B-
T44 



5-110-0-
E-4B-
T46 



5-110-0-
E-4B-
T48 



Cl5 130000 0 0 0 0 0 18 23 30 22 43 33 29 0 1.6 37 0 0 
Qual_Cl5  ND ND ND ND ND        ND J  ND ND 
PCB87 10000 0 0 0 0 0 0.92 1 1.6 1.6 1.9 1.7 0 0 0 0 0 0 
Qual_PCB87  ND ND ND ND ND J J J J J J ND ND ND ND ND ND 
PCB101 19000 0 0 0 0 0 1.6 1.7 2.7 2.8 3 2.5 3.3 0 1.5 0 0 0 
Qual_PCB101  ND ND ND ND ND J J J   J J ND J ND ND ND 
PCB105 11000 0 0 0 0 0 0.48 0.61 0 0 1.1 0.85 0 0 0 0 0 0 
Qual_PCB105  ND ND ND ND ND J J ND ND J J ND ND ND ND ND ND 
PCB114 700 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB114 J ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB118 19000 0 0 0 0 0 0.77 1.3 1.7 2.4 2.2 2 0 0 0 0 0 0 
Qual_PCB118  ND ND ND ND ND J J J J J J ND ND ND ND ND ND 
PCB123 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB123 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB126 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl6 240000 0 0 0 0 0 8.9 0 23 16 28 19 0 0 0 0 0 0 
Qual_Cl6  ND ND ND ND ND  ND     ND ND ND ND ND ND 
PCB128 16000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB128  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB138 60000 0 0 0 0 0 0.63 0 1.5 2.4 1.9 1.5 0 0 0 0 0 0 
Qual_PCB138  ND ND ND ND ND J ND J J J J ND ND ND ND ND ND 
PCB153 68000 0 0 0 0 0 0.98 0 1.2 2.4 2.9 2.3 0 0 0 0 0 0 
Qual_PCB153  ND ND ND ND ND J ND J J  J ND ND ND ND ND ND 
PCB156 11000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB156  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB157 3200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB157  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB167 3400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB167  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB169 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB169 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl7 110000 0 0 0 4.4 4.4 7.4 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl7  ND ND ND    ND ND ND ND ND ND ND ND ND ND ND 











 



 
 



C-59



Sample ID 5-110-0-
E-4B 



5-110-0-
E-4B-
B67 



5-110-0-
E-4B-
B13 



5-110-0-
E-4B-T1



5-110-0-
E-4B-
T11 



5-110-0-
E-4B-
T13 



5-110-0-
E-4B-
T16 



5-110-0-
E-4B-
T18 



5-110-0-
E-4B-
T23 



5-110-0-
E-4B-
T25 



5-110-0-
E-4B-
T28 



5-110-0-
E-4B-
T31 



5-110-0-
E-4B-
T35 



5-110-0-
E-4B-
T38 



5-110-0-
E-4B-
T41 



5-110-0-
E-4B-
T44 



5-110-0-
E-4B-
T46 



5-110-0-
E-4B-
T48 



PCB170 20000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB170  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB180 26000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB180  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB183 5000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB183  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB184 0 0 0 0 0.76 0.67 0.85 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB184 ND ND ND ND J J J ND ND ND ND ND ND ND ND ND ND ND 
PCB187 8600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB187  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB189 1000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB189  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl8 28000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl8  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB195 1700 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB195  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl9 4000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl9  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB206 4000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB206  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl10 1500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl10  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB209 1500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB209  ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Min Reporting 
Limit 



880 5 2.6 2.6 2.6 2.7 2.7 2.7 2.8 2.7 2.7 5.4 5.4 5.4 5.4 2.7 5.4 5.4 



MDL_cong_Cl1 170 0.5 0.53 0.53 0.53 0.54 0.54 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL_cong_Cl2 170 0.5 0.53 0.53 0.53 0.54 0.54 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL8 64 0.42 0.45 0.45 0.45 0.45 0.46 0.46 0.47 0.45 0.45 0.92 0.46 0.45 0.45 0.23 0.45 0.45 
MDL_cong_Cl3 170 0.5 0.53 0.53 0.53 0.54 0.54 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL18 76 0.64 0.68 0.68 0.68 0.69 0.69 0.69 0.72 0.69 0.69 1.4 0.69 0.69 0.69 0.34 0.69 0.69 
MDL28 80 0.53 0.56 0.56 0.56 0.56 0.57 0.57 0.59 0.56 0.56 1.1 0.57 0.56 0.56 0.28 0.56 0.56 
MDL_cong_Cl4 170 0.5 0.53 0.53 0.53 0.54 0.54 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL44 65 0.67 0.71 0.71 0.71 0.72 0.73 0.73 0.76 0.72 0.72 1.5 0.73 0.72 0.72 0.36 0.72 0.72 
MDL49 170 0.75 0.79 0.79 0.79 0.8 0.81 0.81 0.84 0.8 0.8 1.6 0.81 0.8 0.8 0.4 0.8 0.8 











 



 
 



C-60



Sample ID 5-110-0-
E-4B 



5-110-0-
E-4B-
B67 



5-110-0-
E-4B-
B13 



5-110-0-
E-4B-T1



5-110-0-
E-4B-
T11 



5-110-0-
E-4B-
T13 



5-110-0-
E-4B-
T16 



5-110-0-
E-4B-
T18 



5-110-0-
E-4B-
T23 



5-110-0-
E-4B-
T25 



5-110-0-
E-4B-
T28 



5-110-0-
E-4B-
T31 



5-110-0-
E-4B-
T35 



5-110-0-
E-4B-
T38 



5-110-0-
E-4B-
T41 



5-110-0-
E-4B-
T44 



5-110-0-
E-4B-
T46 



5-110-0-
E-4B-
T48 



MDL52 83 0.29 0.31 0.31 0.31 0.32 0.32 0.32 0.33 0.32 0.32 0.64 0.32 0.32 0.32 0.16 0.32 0.32 
MDL66 96 0.64 0.68 0.68 0.68 0.69 0.7 0.7 0.72 0.69 0.69 1.4 0.7 0.69 0.69 0.35 0.69 0.69 
MDL77 120 0.56 0.6 0.6 0.6 0.6 0.61 0.61 0.63 0.6 0.6 1.2 0.61 0.6 0.6 0.3 0.6 0.6 
MDL_cong_Cl5 170 0.5 0.53 0.53 0.53 0.54 0.54 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL87 170 0.77 0.81 0.81 0.81 0.82 0.83 0.83 0.86 0.82 0.82 1.7 0.83 0.82 0.82 0.41 0.82 0.82 
MDL101 71 0.36 0.38 0.38 0.38 0.39 0.39 0.39 0.41 0.39 0.39 0.79 0.39 0.39 0.39 0.19 0.39 0.39 
MDL105 120 0.41 0.43 0.43 0.43 0.44 0.44 0.44 0.46 0.44 0.44 0.88 0.44 0.44 0.44 0.22 0.44 0.44 
MDL114 170 0.68 0.72 0.72 0.72 0.73 0.74 0.74 0.76 0.73 0.73 1.5 0.74 0.73 0.73 0.36 0.73 0.73 
MDL118 170 0.66 0.7 0.7 0.7 0.7 0.71 0.71 0.74 0.7 0.7 1.4 0.71 0.7 0.7 0.35 0.7 0.7 
MDL123 170 0.77 0.82 0.82 0.82 0.83 0.84 0.84 0.87 0.83 0.83 1.7 0.84 0.83 0.83 0.42 0.83 0.83 
MDL126 260 0.67 0.71 0.71 0.71 0.72 0.73 0.73 0.76 0.72 0.72 1.5 0.73 0.72 0.72 0.36 0.72 0.72 
MDL_cong_Cl6 170 0.5 0.53 0.53 0.53 0.54 0.54 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL128 120 0.25 0.26 0.26 0.26 0.27 0.27 0.27 0.28 0.27 0.27 0.54 0.27 0.27 0.27 0.13 0.27 0.27 
MDL138 170 0.55 0.58 0.58 0.58 0.59 0.59 0.59 0.61 0.59 0.59 1.2 0.59 0.59 0.59 0.29 0.59 0.59 
MDL153 130 0.27 0.28 0.28 0.28 0.29 0.29 0.29 0.3 0.29 0.29 0.58 0.29 0.29 0.29 0.14 0.29 0.29 
MDL156 170 0.62 0.66 0.66 0.66 0.67 0.67 0.67 0.7 0.67 0.67 1.3 0.67 0.67 0.67 0.33 0.67 0.67 
MDL157 170 0.61 0.65 0.65 0.65 0.65 0.66 0.66 0.68 0.65 0.65 1.3 0.66 0.65 0.65 0.33 0.65 0.65 
MDL167 170 0.64 0.68 0.68 0.68 0.68 0.69 0.69 0.71 0.68 0.68 1.4 0.69 0.68 0.68 0.34 0.68 0.68 
MDL169 170 0.59 0.63 0.63 0.63 0.63 0.64 0.64 0.66 0.63 0.63 1.3 0.64 0.63 0.63 0.32 0.63 0.63 
MDL-cong_Cl7 170 0.5 0.53 0.53 0.53 0.54 0.54 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL170 78 0.64 0.68 0.68 0.68 0.68 0.69 0.69 0.71 0.68 0.68 1.4 0.69 0.68 0.68 0.34 0.68 0.68 
MDL180 170 0.65 0.69 0.69 0.69 0.7 0.71 0.71 0.73 0.7 0.7 1.4 0.71 0.7 0.7 0.35 0.7 0.7 
MDL183 170 0.37 0.39 0.39 0.39 0.4 0.4 0.4 0.42 0.4 0.4 0.8 0.4 0.4 0.4 0.2 0.4 0.4 
MDL184 170 0.5 0.54 0.54 0.54 0.54 0.55 0.55 0.57 0.54 0.54 1.1 0.55 0.54 0.54 0.27 0.54 0.54 
MDL187 75 0.65 0.69 0.69 0.69 0.7 0.71 0.71 0.73 0.7 0.7 1.4 0.71 0.7 0.7 0.35 0.7 0.7 
MDL189 170 0.71 0.75 0.75 0.75 0.76 0.77 0.77 0.79 0.76 0.76 1.5 0.77 0.76 0.76 0.38 0.76 0.76 
MDL_cong_Cl8 170 0.5 0.53 0.53 0.53 0.54 0.54 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL195 120 0.58 0.62 0.62 0.62 0.62 0.63 0.63 0.65 0.62 0.62 1.3 0.63 0.62 0.62 0.31 0.62 0.62 
MDL_cong_Cl9 170 0.5 0.53 0.53 0.53 0.54 0.54 0.54 0.56 0.54 0.54 1.1 0.54 0.54 0.54 0.27 0.54 0.54 
MDL206 190 0.23 0.24 0.24 0.24 0.24 0.24 0.24 0.25 0.24 0.24 0.49 0.24 0.24 0.24 0.12 0.24 0.24 
MDL_cong_Cl10 130 0.57 0.61 0.61 0.61 0.61 0.62 0.62 0.64 0.61 0.61 1.2 0.62 0.61 0.61 0.31 0.61 0.61 
MDL209 130 0.57 0.61 0.61 0.61 0.61 0.62 0.62 0.64 0.61 0.61 1.2 0.62 0.61 0.61 0.31 0.61 0.61 
Sample Delivery 
Group 



NC34SD
G006 



NC34SD
G003 



NC22SD
G015 



NC22SD
G002 



NC22SD
G002 



NC22SD
G003 



NC22SD
G005 



NC22SD
G008 



NC22SD
G012 



NC22SD
G017 



NC22SD
G022 



NC22SD
G026 



NC28SD
G004 



NC28SD
G009 



NC28SD
G011 



NC28SD
G016 



NC28SD
G022 



NC34SD
G003 



Sample Size 1 1 0.94 0.94 0.94 0.93 0.92 0.92 0.89 0.93 0.93 0.92 0.92 0.93 0.93 0.93 0.93 0.93 











 



 
 



C-61



Sample ID 5-110-0-
E-4B 



5-110-0-
E-4B-
B67 



5-110-0-
E-4B-
B13 



5-110-0-
E-4B-T1



5-110-0-
E-4B-
T11 



5-110-0-
E-4B-
T13 



5-110-0-
E-4B-
T16 



5-110-0-
E-4B-
T18 



5-110-0-
E-4B-
T23 



5-110-0-
E-4B-
T25 



5-110-0-
E-4B-
T28 



5-110-0-
E-4B-
T31 



5-110-0-
E-4B-
T35 



5-110-0-
E-4B-
T38 



5-110-0-
E-4B-
T41 



5-110-0-
E-4B-
T44 



5-110-0-
E-4B-
T46 



5-110-0-
E-4B-
T48 



Size Units   L L L L L L L L L L L L L L L L 



 
 
Aluminized Paint (AP) Experiment: PCB Mass per Sample (ng) 
 
 
Field ID 5-110-0-



E-4B 
5-110-0-



E-4B-
B67 



5-110-0-
E-4B-
B13 



5-110-0-
E-4B-T1 



5-110-0-
E-4B-
T11 



5-110-0-
E-4B-
T13 



5-110-0-
E-4B-
T16 



5-110-0-
E-4B-
T18 



5-110-0-
E-4B-
T23 



5-110-0-
E-4B-
T25 



5-110-0-
E-4B-
T28 



5-110-0-
E-4B-
T31 



5-110-0-
E-4B-
T35 



5-110-0-
E-4B-
T38 



5-110-0-
E-4B-
T41 



5-110-0-
E-4B-
T44 



5-110-0-
E-4B-
T46 



5-110-0-
E-4B-
T48 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl3 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.9E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB28 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.1E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl4 1.0E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.6E+00 7.5E+00 3.3E+00 4.2E+00 5.8E+00 1.2E+01 1.0E+01 6.3E+00 2.1E+00 2.2E+00 8.5E+00 2.5E+00 5.3E+00 
PCB44 1.4E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.3E-01 0.0E+00 1.2E+00 0.0E+00 1.5E+00 1.2E+00 0.0E+00 0.0E+00 0.0E+00 1.4E+00 0.0E+00 1.2E+00 
PCB49 4.4E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.4E-01 5.7E-01 0.0E+00 4.7E-01 0.0E+00 5.6E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB52 3.1E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.2E-01 1.2E+00 1.6E+00 1.9E+00 1.8E+00 2.4E+00 2.2E+00 2.5E+00 2.2E+00 2.0E+00 2.9E+00 2.0E+00 1.6E+00 
PCB66 2.3E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 1.3E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.7E+01 2.1E+01 2.7E+01 2.0E+01 4.0E+01 3.0E+01 2.7E+01 0.0E+00 1.5E+00 3.4E+01 0.0E+00 0.0E+00 
PCB87 1.0E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.5E-01 9.2E-01 1.4E+00 1.5E+00 1.8E+00 1.6E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB101 1.9E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E+00 1.6E+00 2.4E+00 2.6E+00 2.8E+00 2.3E+00 3.0E+00 0.0E+00 1.4E+00 0.0E+00 0.0E+00 0.0E+00 
PCB105 1.1E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.4E-01 5.6E-01 0.0E+00 0.0E+00 1.0E+00 7.8E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB114 7.0E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 1.9E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.1E-01 1.2E+00 1.5E+00 2.2E+00 2.0E+00 1.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 2.4E+05 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.2E+00 0.0E+00 2.0E+01 1.5E+01 2.6E+01 1.7E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB128 1.6E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 6.0E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.8E-01 0.0E+00 1.3E+00 2.2E+00 1.8E+00 1.4E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 6.8E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.0E-01 0.0E+00 1.1E+00 2.2E+00 2.7E+00 2.1E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



C-62



Field ID 5-110-0-
E-4B 



5-110-0-
E-4B-
B67 



5-110-0-
E-4B-
B13 



5-110-0-
E-4B-T1 



5-110-0-
E-4B-
T11 



5-110-0-
E-4B-
T13 



5-110-0-
E-4B-
T16 



5-110-0-
E-4B-
T18 



5-110-0-
E-4B-
T23 



5-110-0-
E-4B-
T25 



5-110-0-
E-4B-
T28 



5-110-0-
E-4B-
T31 



5-110-0-
E-4B-
T35 



5-110-0-
E-4B-
T38 



5-110-0-
E-4B-
T41 



5-110-0-
E-4B-
T44 



5-110-0-
E-4B-
T46 



5-110-0-
E-4B-
T48 



PCB156 1.1E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 3.2E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 3.4E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 1.1E+05 0.0E+00 0.0E+00 0.0E+00 4.1E+00 4.1E+00 6.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 2.0E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 2.6E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 5.0E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.1E-01 6.2E-01 7.8E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 8.6E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 1.0E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 2.8E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 1.7E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 4.0E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 4.0E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 1.5E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 1.5E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 5.2E+05 0.0E+00 0.0E+00 0.0E+00 4.1E+00 7.7E+00 4.1E+01 2.4E+01 5.1E+01 4.1E+01 7.8E+01 5.8E+01 3.3E+01 2.1E+00 3.7E+00 4.3E+01 2.5E+00 5.3E+00 



 
 
Aluminized Paint (AP) Experiment: Mass Balance 
 



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
Cl2 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl3 0.0E+00 1.9E+00 1.9E+00 1.6E-09 3.7E-04  4.9E-01  
PCB18 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB28 0.0E+00 3.1E-01 3.1E-01 2.6E-10  6.0E-05  7.9E-02 
Cl4 1.0E+04 7.4E+01 1.0E+04 8.2E-06 1.9E+00  1.9E+01  
PCB44 1.4E+03 7.3E+00 1.4E+03 1.2E-06  2.7E-01  1.8E+00 
PCB49 4.4E+02 2.1E+00 4.4E+02 3.6E-07  8.4E-02  5.4E-01 











 



 
 



C-63



 Remaining PCBs in 
Leached Solid (ng ) 



Total PCBs Released 
(ng) 



Initial PCBs in Solid 
(ng) 



Initial Weight 
Fraction PCBs in 



Solid 



Initial Homologue % 
of tPCBs in Solid 



Initial Congener % 
of tPCBs in Solid 



Total Homologue 
Release (% of tPCBs 



in Leachate) 



Total Congener 
Release (% of tPCBs 



in Leachate) 
PCB52 3.1E+03 2.5E+01 3.1E+03 2.6E-06  6.0E-01  6.3E+00 
PCB66 2.3E+02 0.0E+00 2.3E+02 1.9E-07  4.4E-02  0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl5 1.3E+05 2.2E+02 1.3E+05 1.1E-04 2.5E+01  5.5E+01  
PCB87 1.0E+04 8.0E+00 1.0E+04 8.2E-06  1.9E+00  2.0E+00 
PCB101 1.9E+04 1.8E+01 1.9E+04 1.6E-05  3.6E+00  4.4E+00 
PCB105 1.1E+04 2.8E+00 1.1E+04 9.0E-06  2.1E+00  7.1E-01 
PCB114 7.0E+02 0.0E+00 7.0E+02 5.7E-07  1.3E-01  0.0E+00 
PCB118 1.9E+04 9.5E+00 1.9E+04 1.6E-05  3.6E+00  2.4E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl6 2.4E+05 8.7E+01 2.4E+05 2.0E-04 4.6E+01  2.2E+01  
PCB128 1.6E+04 0.0E+00 1.6E+04 1.3E-05  3.1E+00  0.0E+00 
PCB138 6.0E+04 7.3E+00 6.0E+04 4.9E-05  1.1E+01  1.8E+00 
PCB153 6.8E+04 9.0E+00 6.8E+04 5.6E-05  1.3E+01  2.3E+00 
PCB156 1.1E+04 0.0E+00 1.1E+04 9.0E-06  2.1E+00  0.0E+00 
PCB157 3.2E+03 0.0E+00 3.2E+03 2.6E-06  6.1E-01  0.0E+00 
PCB167 3.4E+03 0.0E+00 3.4E+03 2.8E-06  6.5E-01  0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00  0.0E+00  0.0E+00 
Cl7 1.1E+05 1.5E+01 1.1E+05 9.0E-05 2.1E+01  3.8E+00  
PCB170 2.0E+04 0.0E+00 2.0E+04 1.6E-05  3.8E+00  0.0E+00 
PCB180 2.6E+04 0.0E+00 2.6E+04 2.1E-05  5.0E+00  0.0E+00 
PCB183 5.0E+03 0.0E+00 5.0E+03 4.1E-06  9.5E-01  0.0E+00 
PCB184 0.0E+00 2.1E+00 2.1E+00 1.7E-09  4.0E-04  5.4E-01 
PCB187 8.6E+03 0.0E+00 8.6E+03 7.0E-06  1.6E+00  0.0E+00 
PCB189 1.0E+03 0.0E+00 1.0E+03 8.2E-07  1.9E-01  0.0E+00 
Cl8 2.8E+04 0.0E+00 2.8E+04 2.3E-05 5.3E+00  0.0E+00  
PCB195 1.7E+03 0.0E+00 1.7E+03 1.4E-06  3.2E-01  0.0E+00 
Cl9 4.0E+03 0.0E+00 4.0E+03 3.3E-06 7.6E-01  0.0E+00  
PCB206 4.0E+03 0.0E+00 4.0E+03 3.3E-06  7.6E-01  0.0E+00 
Cl10 1.5E+03 0.0E+00 1.5E+03 1.2E-06 2.9E-01  0.0E+00  
PCB209 1.5E+03 0.0E+00 1.5E+03 1.2E-06  2.9E-01  0.0E+00 
tPCBs 5.2E+05 4.0E+02 5.2E+05 4.3E-04     
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Analytical Surrogate Data 
 
 The data tabulated below correspond to the results of analyses performed for three surrogate analytes, PCB103 (2,2',4,5',6-
Pentachlorobiphenyl), PCB198 (2,2',3,3',4,5,5',6-Octachlorobiphenyl), and dibromo-octafluoro-biphenyl as internal standards in all seawater 
leachate samples analyzed throughout the course of the leaching experiments. Flags are included in these tables, for which a listing of data 
qualifiers (flags) and meanings is included at the end of APPENDIX B. Results were evaluated against data quality criteria and used to 
surrogate-correct the raw concentrations of measured PCB-LRS analytes for each sample to account for any sample-specific effects of the 
extraction and analysis. Surrogate results are cross-referenced by sample delivery group (SDG) batch number and are reported in percent recovery 
(%Rec) units.  
 
Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
01-18-6-L-3B NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
01-18-6-L-3B NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
01-18-6-L-3B NC34SDG006 Dibromo-octafluoro-biphenyl 0 & %REC 
01-18-6-L-3B-B68 NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 102  %REC 
01-18-6-L-3B-B68 NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 131 & %REC 
01-18-6-L-3B-B68 NC34SDG004 Dibromo-octafluoro-biphenyl 85  %REC 
01-18-6-L-3B-B9 NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
01-18-6-L-3B-B9 NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
01-18-6-L-3B-B9 NC22SDG010 Dibromo-octafluoro-biphenyl 74  %REC 
01-18-6-L-3B-T11 NC22SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 99  %REC 
01-18-6-L-3B-T11 NC22SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 134 & %REC 
01-18-6-L-3B-T11 NC22SDG001 Dibromo-octafluoro-biphenyl 77  %REC 
01-18-6-L-3B-T13 NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 106  %REC 
01-18-6-L-3B-T13 NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 123  %REC 
01-18-6-L-3B-T13 NC22SDG002 Dibromo-octafluoro-biphenyl 94  %REC 
01-18-6-L-3B-T2 NC22SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
01-18-6-L-3B-T2 NC22SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 139 & %REC 
01-18-6-L-3B-T2 NC22SDG001 Dibromo-octafluoro-biphenyl 69  %REC 
01-18-6-L-3B-T21 NC22SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 104  %REC 
01-18-6-L-3B-T21 NC22SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 119  %REC 
01-18-6-L-3B-T21 NC22SDG004 Dibromo-octafluoro-biphenyl 96  %REC 
01-18-6-L-3B-T23 NC22SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 106  %REC 
01-18-6-L-3B-T23 NC22SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 136 & %REC 
01-18-6-L-3B-T23 NC22SDG007 Dibromo-octafluoro-biphenyl 88  %REC 
01-18-6-L-3B-T27 NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
01-18-6-L-3B-T27 NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
01-18-6-L-3B-T27 NC22SDG010 Dibromo-octafluoro-biphenyl 80  %REC 
01-18-6-L-3B-T30 NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
01-18-6-L-3B-T30 NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 
01-18-6-L-3B-T30 NC22SDG014 Dibromo-octafluoro-biphenyl 81  %REC 
01-18-6-L-3B-T32 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
01-18-6-L-3B-T32 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 83  %REC 
01-18-6-L-3B-T32 NC22SDG019 Dibromo-octafluoro-biphenyl 60  %REC 
01-18-6-L-3B-T35 NC22SDG024 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
01-18-6-L-3B-T35 NC22SDG024 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 140 & %REC 
01-18-6-L-3B-T35 NC22SDG024 Dibromo-octafluoro-biphenyl 71  %REC 
01-18-6-L-3B-T38 NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 52  %REC 
01-18-6-L-3B-T38 NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 79  %REC 
01-18-6-L-3B-T38 NC22SDG054 Dibromo-octafluoro-biphenyl 42 & %REC 
01-18-6-L-3B-T41 NC28SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
01-18-6-L-3B-T41 NC28SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 111  %REC 
01-18-6-L-3B-T41 NC28SDG006 Dibromo-octafluoro-biphenyl 70  %REC 
01-18-6-L-3B-T44 NC28SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 62  %REC 
01-18-6-L-3B-T44 NC28SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 66  %REC 
01-18-6-L-3B-T44 NC28SDG010 Dibromo-octafluoro-biphenyl 45  %REC 
01-18-6-L-3B-T47 NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
01-18-6-L-3B-T47 NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 130 & %REC 
01-18-6-L-3B-T47 NC28SDG013 Dibromo-octafluoro-biphenyl 63  %REC 
01-18-6-L-3B-T50 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 66  %REC 
01-18-6-L-3B-T50 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
01-18-6-L-3B-T50 NC28SDG019 Dibromo-octafluoro-biphenyl 45  %REC 
01-18-6-L-3B-T52 NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
01-18-6-L-3B-T52 NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 125  %REC 
01-18-6-L-3B-T52 NC28SDG023 Dibromo-octafluoro-biphenyl 63  %REC 
01-18-6-L-3B-T54 NC34SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
01-18-6-L-3B-T54 NC34SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 114  %REC 
01-18-6-L-3B-T54 NC34SDG003 Dibromo-octafluoro-biphenyl 70  %REC 
01-18-6-L-3E NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
01-18-6-L-3E NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
01-18-6-L-3E NC34SDG006 Dibromo-octafluoro-biphenyl 0 & %REC 
01-18-6-L-3E-B61 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
01-18-6-L-3E-B61 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 135 & %REC 
01-18-6-L-3E-B61 NC34SDG005 Dibromo-octafluoro-biphenyl 81  %REC 
01-18-6-L-3E-T1 NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
01-18-6-L-3E-T1 NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 113  %REC 
01-18-6-L-3E-T1 NC22SDG010 Dibromo-octafluoro-biphenyl 67  %REC 
01-18-6-L-3E-T11 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
01-18-6-L-3E-T11 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 134 & %REC 
01-18-6-L-3E-T11 NC22SDG013 Dibromo-octafluoro-biphenyl 55  %REC 
01-18-6-L-3E-T13 NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
01-18-6-L-3E-T13 NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 150 & %REC 
01-18-6-L-3E-T13 NC22SDG016 Dibromo-octafluoro-biphenyl 77  %REC 
01-18-6-L-3E-T15 NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
01-18-6-L-3E-T15 NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
01-18-6-L-3E-T15 NC22SDG020 Dibromo-octafluoro-biphenyl 68  %REC 
01-18-6-L-3E-T18 NC22SDG024 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
01-18-6-L-3E-T18 NC22SDG024 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 164 & %REC 
01-18-6-L-3E-T18 NC22SDG024 Dibromo-octafluoro-biphenyl 73  %REC 
01-18-6-L-3E-T21 NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
01-18-6-L-3E-T21 NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 145 & %REC 
01-18-6-L-3E-T21 NC22SDG054 Dibromo-octafluoro-biphenyl 82  %REC 
01-18-6-L-3E-T24 NC28SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
01-18-6-L-3E-T24 NC28SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 120  %REC 
01-18-6-L-3E-T24 NC28SDG006 Dibromo-octafluoro-biphenyl 64  %REC 
01-18-6-L-3E-T27 NC28SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 64  %REC 
01-18-6-L-3E-T27 NC28SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 76  %REC 
01-18-6-L-3E-T27 NC28SDG010 Dibromo-octafluoro-biphenyl 48  %REC 
01-18-6-L-3E-T30 NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 103  %REC 
01-18-6-L-3E-T30 NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 150 & %REC 
01-18-6-L-3E-T30 NC28SDG013 Dibromo-octafluoro-biphenyl 98  %REC 
01-18-6-L-3E-T33 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 62  %REC 
01-18-6-L-3E-T33 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
01-18-6-L-3E-T33 NC28SDG019 Dibromo-octafluoro-biphenyl 39 & %REC 
01-18-6-L-3E-T36 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
01-18-6-L-3E-T36 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
01-18-6-L-3E-T36 NC34SDG005 Dibromo-octafluoro-biphenyl 65  %REC 
01-18-6-L-3E-T7 NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
01-18-6-L-3E-T7 NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 108  %REC 
01-18-6-L-3E-T7 NC22SDG010 Dibromo-octafluoro-biphenyl 68  %REC 
01-18-6-L-3E-T9 NC22SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 102  %REC 
01-18-6-L-3E-T9 NC22SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 142 & %REC 
01-18-6-L-3E-T9 NC22SDG011 Dibromo-octafluoro-biphenyl 82  %REC 
01-18-6-L-3F NC22SDG050 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
01-18-6-L-3F NC22SDG050 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
01-18-6-L-3F NC22SDG050 Dibromo-octafluoro-biphenyl 63  %REC 
01-18-6-L-3F NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 242 & %REC 
01-18-6-L-3F NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
01-18-6-L-3F NC22SDG053 Dibromo-octafluoro-biphenyl 92  %REC 
01-18-6-L-3F INNER CABLE NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 144 & %REC 
01-18-6-L-3F INNER CABLE NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 122  %REC 
01-18-6-L-3F INNER CABLE NC22SDG053 Dibromo-octafluoro-biphenyl 125  %REC 
01-18-6-L-3F MIDDLE  CABLE NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 109  %REC 
01-18-6-L-3F MIDDLE  CABLE NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
01-18-6-L-3F MIDDLE  CABLE NC22SDG053 Dibromo-octafluoro-biphenyl 93  %REC 
01-18-6-L-3G-B1 CSC81SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
01-18-6-L-3G-B1 CSC81SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
01-18-6-L-3G-B1 CSC81SDG014 Dibromo-octafluoro-biphenyl 73  %REC 
01-18-6-L-3G-SR CSC81SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
01-18-6-L-3G-SR CSC81SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
01-18-6-L-3G-SR CSC81SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
01-18-6-L-3G-SR CSC81SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
01-18-6-L-3G-SR CSC81SDG014 Dibromo-octafluoro-biphenyl 107  %REC 
01-18-6-L-3G-SR CSC81SDG014 Dibromo-octafluoro-biphenyl 78  %REC 
01-18-6-L-3G-T1 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
01-18-6-L-3G-T1 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 112  %REC 
01-18-6-L-3G-T1 CSC81SDG001 Dibromo-octafluoro-biphenyl 67  %REC 
01-18-6-L-3G-T11 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
01-18-6-L-3G-T11 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 
01-18-6-L-3G-T11 CSC81SDG001 Dibromo-octafluoro-biphenyl 63  %REC 
01-18-6-L-3G-T13 CSC81SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
01-18-6-L-3G-T13 CSC81SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 129 & %REC 
01-18-6-L-3G-T13 CSC81SDG004 Dibromo-octafluoro-biphenyl 88  %REC 
01-18-6-L-3G-T15 CSC81SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 60  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
01-18-6-L-3G-T15 CSC81SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 64  %REC 
01-18-6-L-3G-T15 CSC81SDG005 Dibromo-octafluoro-biphenyl 51  %REC 
01-18-6-L-3G-T17 CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 77  %REC 
01-18-6-L-3G-T17 CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 103  %REC 
01-18-6-L-3G-T17 CSC81SDG007 Dibromo-octafluoro-biphenyl 73  %REC 
01-18-6-L-3G-T19 CSC81SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
01-18-6-L-3G-T19 CSC81SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
01-18-6-L-3G-T19 CSC81SDG011 Dibromo-octafluoro-biphenyl 77  %REC 
01-18-6-L-3G-T21 CSC81SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
01-18-6-L-3G-T21 CSC81SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
01-18-6-L-3G-T21 CSC81SDG014 Dibromo-octafluoro-biphenyl 65  %REC 
01-18-6-L-3G-T3 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
01-18-6-L-3G-T3 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 120  %REC 
01-18-6-L-3G-T3 CSC81SDG001 Dibromo-octafluoro-biphenyl 74  %REC 
01-18-6-L-3G-T5 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
01-18-6-L-3G-T5 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 117  %REC 
01-18-6-L-3G-T5 CSC81SDG001 Dibromo-octafluoro-biphenyl 69  %REC 
01-18-6-L-3G-T7 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
01-18-6-L-3G-T7 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 111  %REC 
01-18-6-L-3G-T7 CSC81SDG001 Dibromo-octafluoro-biphenyl 64  %REC 
01-18-6-L-3G-T9 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
01-18-6-L-3G-T9 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 106  %REC 
01-18-6-L-3G-T9 CSC81SDG001 Dibromo-octafluoro-biphenyl 58  %REC 
1-123-1-Q-3B NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
1-123-1-Q-3B NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
1-123-1-Q-3B NC34SDG006 Dibromo-octafluoro-biphenyl 0 & %REC 
1-123-1-Q-3B-B15 NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
1-123-1-Q-3B-B15 NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 113  %REC 
1-123-1-Q-3B-B15 NC22SDG016 Dibromo-octafluoro-biphenyl 79  %REC 
1-123-1-Q-3B-B68 NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 112  %REC 
1-123-1-Q-3B-B68 NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 138 & %REC 
1-123-1-Q-3B-B68 NC34SDG004 Dibromo-octafluoro-biphenyl 88  %REC 
1-123-1-Q-3B-T11 NC22SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 104  %REC 
1-123-1-Q-3B-T11 NC22SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 139 & %REC 
1-123-1-Q-3B-T11 NC22SDG001 Dibromo-octafluoro-biphenyl 76  %REC 
1-123-1-Q-3B-T13 NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 105  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-123-1-Q-3B-T13 NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 136 & %REC 
1-123-1-Q-3B-T13 NC22SDG002 Dibromo-octafluoro-biphenyl 96  %REC 
1-123-1-Q-3B-T2 NC22SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
1-123-1-Q-3B-T2 NC22SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 125  %REC 
1-123-1-Q-3B-T2 NC22SDG001 Dibromo-octafluoro-biphenyl 66  %REC 
1-123-1-Q-3B-T21 NC22SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 108  %REC 
1-123-1-Q-3B-T21 NC22SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 125  %REC 
1-123-1-Q-3B-T21 NC22SDG004 Dibromo-octafluoro-biphenyl 99  %REC 
1-123-1-Q-3B-T23 NC22SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 111  %REC 
1-123-1-Q-3B-T23 NC22SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 148 & %REC 
1-123-1-Q-3B-T23 NC22SDG006 Dibromo-octafluoro-biphenyl 92  %REC 
1-123-1-Q-3B-T26 NC22SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 104  %REC 
1-123-1-Q-3B-T26 NC22SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 125  %REC 
1-123-1-Q-3B-T26 NC22SDG009 Dibromo-octafluoro-biphenyl 95  %REC 
1-123-1-Q-3B-T30 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 109  %REC 
1-123-1-Q-3B-T30 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 174 & %REC 
1-123-1-Q-3B-T30 NC22SDG013 Dibromo-octafluoro-biphenyl 71  %REC 
1-123-1-Q-3B-T32 NC22SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 105  %REC 
1-123-1-Q-3B-T32 NC22SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 163 & %REC 
1-123-1-Q-3B-T32 NC22SDG018 Dibromo-octafluoro-biphenyl 81  %REC 
1-123-1-Q-3B-T35 NC22SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
1-123-1-Q-3B-T35 NC22SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 177 & %REC 
1-123-1-Q-3B-T35 NC22SDG023 Dibromo-octafluoro-biphenyl 72  %REC 
1-123-1-Q-3B-T38 NC28SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 107  %REC 
1-123-1-Q-3B-T38 NC28SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 156 & %REC 
1-123-1-Q-3B-T38 NC28SDG001 Dibromo-octafluoro-biphenyl 89  %REC 
1-123-1-Q-3B-T42 NC28SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
1-123-1-Q-3B-T42 NC28SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 149 & %REC 
1-123-1-Q-3B-T42 NC28SDG005 Dibromo-octafluoro-biphenyl 69  %REC 
1-123-1-Q-3B-T46 NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 62  %REC 
1-123-1-Q-3B-T46 NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 121  %REC 
1-123-1-Q-3B-T46 NC28SDG011 Dibromo-octafluoro-biphenyl 39 & %REC 
1-123-1-Q-3B-T49 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 43 & %REC 
1-123-1-Q-3B-T49 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 109  %REC 
1-123-1-Q-3B-T49 NC28SDG016 Dibromo-octafluoro-biphenyl 24 & %REC 
1-123-1-Q-3B-T51 NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 113  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-123-1-Q-3B-T51 NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 153 & %REC 
1-123-1-Q-3B-T51 NC28SDG022 Dibromo-octafluoro-biphenyl 86  %REC 
1-123-1-Q-3B-T53 NC34SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 109  %REC 
1-123-1-Q-3B-T53 NC34SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 131 & %REC 
1-123-1-Q-3B-T53 NC34SDG003 Dibromo-octafluoro-biphenyl 84  %REC 
1-123-1-Q-3C NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
1-123-1-Q-3C NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 12998 & %REC 
1-123-1-Q-3C NC22SDG053 Dibromo-octafluoro-biphenyl 76  %REC 
1-123-1-Q-3D NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
1-123-1-Q-3D NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
1-123-1-Q-3D NC34SDG006 Dibromo-octafluoro-biphenyl 0 & %REC 
1-123-1-Q-3D-B65 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
1-123-1-Q-3D-B65 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
1-123-1-Q-3D-B65 NC34SDG005 Dibromo-octafluoro-biphenyl 76  %REC 
1-123-1-Q-3D-B9 NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
1-123-1-Q-3D-B9 NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 142 & %REC 
1-123-1-Q-3D-B9 NC22SDG015 Dibromo-octafluoro-biphenyl 86  %REC 
1-123-1-Q-3D-T1 NC22SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 104  %REC 
1-123-1-Q-3D-T1 NC22SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 137 & %REC 
1-123-1-Q-3D-T1 NC22SDG006 Dibromo-octafluoro-biphenyl 83  %REC 
1-123-1-Q-3D-T10 NC22SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
1-123-1-Q-3D-T10 NC22SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 125  %REC 
1-123-1-Q-3D-T10 NC22SDG006 Dibromo-octafluoro-biphenyl 74  %REC 
1-123-1-Q-3D-T14 NC22SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 68  %REC 
1-123-1-Q-3D-T14 NC22SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
1-123-1-Q-3D-T14 NC22SDG007 Dibromo-octafluoro-biphenyl 46  %REC 
1-123-1-Q-3D-T17 NC22SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
1-123-1-Q-3D-T17 NC22SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 107  %REC 
1-123-1-Q-3D-T17 NC22SDG009 Dibromo-octafluoro-biphenyl 83  %REC 
1-123-1-Q-3D-T21 NC22SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
1-123-1-Q-3D-T21 NC22SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 103  %REC 
1-123-1-Q-3D-T21 NC22SDG012 Dibromo-octafluoro-biphenyl 79  %REC 
1-123-1-Q-3D-T23 NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
1-123-1-Q-3D-T23 NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 126 & %REC 
1-123-1-Q-3D-T23 NC22SDG016 Dibromo-octafluoro-biphenyl 57  %REC 
1-123-1-Q-3D-T25 NC22SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 124  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-123-1-Q-3D-T25 NC22SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 168 & %REC 
1-123-1-Q-3D-T25 NC22SDG021 Dibromo-octafluoro-biphenyl 95  %REC 
1-123-1-Q-3D-T28 NC22SDG025 103 - 2,2',4,5',6-Pentachlorobiphenyl 105  %REC 
1-123-1-Q-3D-T28 NC22SDG025 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
1-123-1-Q-3D-T28 NC22SDG025 Dibromo-octafluoro-biphenyl 92  %REC 
1-123-1-Q-3D-T31 NC28SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
1-123-1-Q-3D-T31 NC28SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
1-123-1-Q-3D-T31 NC28SDG002 Dibromo-octafluoro-biphenyl 82  %REC 
1-123-1-Q-3D-T34 NC28SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 54  %REC 
1-123-1-Q-3D-T34 NC28SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 107  %REC 
1-123-1-Q-3D-T34 NC28SDG007 Dibromo-octafluoro-biphenyl 34 & %REC 
1-123-1-Q-3D-T36 NC28SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 68  %REC 
1-123-1-Q-3D-T36 NC28SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 83  %REC 
1-123-1-Q-3D-T36 NC28SDG010 Dibromo-octafluoro-biphenyl 46  %REC 
1-123-1-Q-3D-T39 NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
1-123-1-Q-3D-T39 NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
1-123-1-Q-3D-T39 NC28SDG013 Dibromo-octafluoro-biphenyl 57  %REC 
1-123-1-Q-3D-T42 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
1-123-1-Q-3D-T42 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
1-123-1-Q-3D-T42 NC28SDG019 Dibromo-octafluoro-biphenyl 58  %REC 
1-123-1-Q-3D-T44 NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
1-123-1-Q-3D-T44 NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 137 & %REC 
1-123-1-Q-3D-T44 NC28SDG023 Dibromo-octafluoro-biphenyl 53  %REC 
1-123-1-Q-3D-T46 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 64  %REC 
1-123-1-Q-3D-T46 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
1-123-1-Q-3D-T46 NC34SDG005 Dibromo-octafluoro-biphenyl 52  %REC 
1-123-1-Q-3E NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
1-123-1-Q-3E NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 2323 & %REC 
1-123-1-Q-3E NC22SDG053 Dibromo-octafluoro-biphenyl 95  %REC 
1-123-1-Q-3H NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
1-123-1-Q-3H NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
1-123-1-Q-3H NC34SDG006 Dibromo-octafluoro-biphenyl 0 & %REC 
1-123-1-Q-3H-B61 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
1-123-1-Q-3H-B61 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 103  %REC 
1-123-1-Q-3H-B61 NC34SDG005 Dibromo-octafluoro-biphenyl 86  %REC 
1-123-1-Q-3H-T1 NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-123-1-Q-3H-T1 NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 104  %REC 
1-123-1-Q-3H-T1 NC22SDG010 Dibromo-octafluoro-biphenyl 63  %REC 
1-123-1-Q-3H-T11 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
1-123-1-Q-3H-T11 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 150 & %REC 
1-123-1-Q-3H-T11 NC22SDG013 Dibromo-octafluoro-biphenyl 54  %REC 
1-123-1-Q-3H-T13 NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
1-123-1-Q-3H-T13 NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 137 & %REC 
1-123-1-Q-3H-T13 NC22SDG016 Dibromo-octafluoro-biphenyl 78  %REC 
1-123-1-Q-3H-T15 NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
1-123-1-Q-3H-T15 NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 106  %REC 
1-123-1-Q-3H-T15 NC22SDG020 Dibromo-octafluoro-biphenyl 73  %REC 
1-123-1-Q-3H-T18 NC22SDG024 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
1-123-1-Q-3H-T18 NC22SDG024 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 162 & %REC 
1-123-1-Q-3H-T18 NC22SDG024 Dibromo-octafluoro-biphenyl 64  %REC 
1-123-1-Q-3H-T21 NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
1-123-1-Q-3H-T21 NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 159 & %REC 
1-123-1-Q-3H-T21 NC22SDG054 Dibromo-octafluoro-biphenyl 86  %REC 
1-123-1-Q-3H-T24 NC28SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
1-123-1-Q-3H-T24 NC28SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
1-123-1-Q-3H-T24 NC28SDG006 Dibromo-octafluoro-biphenyl 63  %REC 
1-123-1-Q-3H-T27 NC28SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 56  %REC 
1-123-1-Q-3H-T27 NC28SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 66  %REC 
1-123-1-Q-3H-T27 NC28SDG010 Dibromo-octafluoro-biphenyl 38 & %REC 
1-123-1-Q-3H-T30 NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 107  %REC 
1-123-1-Q-3H-T30 NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 160 & %REC 
1-123-1-Q-3H-T30 NC28SDG013 Dibromo-octafluoro-biphenyl 85  %REC 
1-123-1-Q-3H-T33 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
1-123-1-Q-3H-T33 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 107  %REC 
1-123-1-Q-3H-T33 NC28SDG019 Dibromo-octafluoro-biphenyl 51  %REC 
1-123-1-Q-3H-T36 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
1-123-1-Q-3H-T36 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 120  %REC 
1-123-1-Q-3H-T36 NC34SDG005 Dibromo-octafluoro-biphenyl 66  %REC 
1-123-1-Q-3H-T7 NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
1-123-1-Q-3H-T7 NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 105  %REC 
1-123-1-Q-3H-T7 NC22SDG010 Dibromo-octafluoro-biphenyl 61  %REC 
1-123-1-Q-3H-T9 NC22SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 102  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-123-1-Q-3H-T9 NC22SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 155 & %REC 
1-123-1-Q-3H-T9 NC22SDG011 Dibromo-octafluoro-biphenyl 74  %REC 
1-123-1-Q-3I NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
1-123-1-Q-3I NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
1-123-1-Q-3I NC34SDG006 Dibromo-octafluoro-biphenyl 0 & %REC 
1-123-1-Q-3I-B57 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 60  %REC 
1-123-1-Q-3I-B57 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
1-123-1-Q-3I-B57 NC34SDG005 Dibromo-octafluoro-biphenyl 49  %REC 
1-123-1-Q-3I-T1 NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
1-123-1-Q-3I-T1 NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 125  %REC 
1-123-1-Q-3I-T1 NC22SDG014 Dibromo-octafluoro-biphenyl 88  %REC 
1-123-1-Q-3I-T11 NC22SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
1-123-1-Q-3I-T11 NC22SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 103  %REC 
1-123-1-Q-3I-T11 NC22SDG017 Dibromo-octafluoro-biphenyl 65  %REC 
1-123-1-Q-3I-T13 NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
1-123-1-Q-3I-T13 NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
1-123-1-Q-3I-T13 NC22SDG020 Dibromo-octafluoro-biphenyl 54  %REC 
1-123-1-Q-3I-T15 NC22SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
1-123-1-Q-3I-T15 NC22SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 162 & %REC 
1-123-1-Q-3I-T15 NC22SDG023 Dibromo-octafluoro-biphenyl 65  %REC 
1-123-1-Q-3I-T18 NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
1-123-1-Q-3I-T18 NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 166 & %REC 
1-123-1-Q-3I-T18 NC22SDG026 Dibromo-octafluoro-biphenyl 74  %REC 
1-123-1-Q-3I-T22 NC28SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
1-123-1-Q-3I-T22 NC28SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 122  %REC 
1-123-1-Q-3I-T22 NC28SDG004 Dibromo-octafluoro-biphenyl 75  %REC 
1-123-1-Q-3I-T25 NC28SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
1-123-1-Q-3I-T25 NC28SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 109  %REC 
1-123-1-Q-3I-T25 NC28SDG009 Dibromo-octafluoro-biphenyl 59  %REC 
1-123-1-Q-3I-T28 NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
1-123-1-Q-3I-T28 NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 120  %REC 
1-123-1-Q-3I-T28 NC28SDG011 Dibromo-octafluoro-biphenyl 51  %REC 
1-123-1-Q-3I-T32 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
1-123-1-Q-3I-T32 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 135 & %REC 
1-123-1-Q-3I-T32 NC28SDG016 Dibromo-octafluoro-biphenyl 50  %REC 
1-123-1-Q-3I-T33 NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-123-1-Q-3I-T33 NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 134 & %REC 
1-123-1-Q-3I-T33 NC28SDG022 Dibromo-octafluoro-biphenyl 89  %REC 
1-123-1-Q-3I-T35 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 45  %REC 
1-123-1-Q-3I-T35 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 64  %REC 
1-123-1-Q-3I-T35 NC34SDG005 Dibromo-octafluoro-biphenyl 37 & %REC 
1-123-1-Q-3I-T6 NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 101  %REC 
1-123-1-Q-3I-T6 NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
1-123-1-Q-3I-T6 NC22SDG014 Dibromo-octafluoro-biphenyl 89  %REC 
1-123-1-Q-3I-T9 NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
1-123-1-Q-3I-T9 NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 103  %REC 
1-123-1-Q-3I-T9 NC22SDG015 Dibromo-octafluoro-biphenyl 75  %REC 
1-123-1-Q-3J-B32 NC34SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
1-123-1-Q-3J-B32 NC34SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 111  %REC 
1-123-1-Q-3J-B32 NC34SDG009 Dibromo-octafluoro-biphenyl 90  %REC 
1-123-1-Q-3J-B44 CSC81SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
1-123-1-Q-3J-B44 CSC81SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
1-123-1-Q-3J-B44 CSC81SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
1-123-1-Q-3J-B44 CSC81SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 13163 & %REC 
1-123-1-Q-3J-B44 CSC81SDG002 Dibromo-octafluoro-biphenyl 0 & %REC 
1-123-1-Q-3J-B44 CSC81SDG002 Dibromo-octafluoro-biphenyl 69  %REC 
1-123-1-Q-3J-T1 NC28SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 102  %REC 
1-123-1-Q-3J-T1 NC28SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 163 & %REC 
1-123-1-Q-3J-T1 NC28SDG012 Dibromo-octafluoro-biphenyl 104  %REC 
1-123-1-Q-3J-T11 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 51  %REC 
1-123-1-Q-3J-T11 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
1-123-1-Q-3J-T11 NC28SDG016 Dibromo-octafluoro-biphenyl 29 & %REC 
1-123-1-Q-3J-T13 NC28SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
1-123-1-Q-3J-T13 NC28SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 146 & %REC 
1-123-1-Q-3J-T13 NC28SDG017 Dibromo-octafluoro-biphenyl 93  %REC 
1-123-1-Q-3J-T15 NC28SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 119  %REC 
1-123-1-Q-3J-T15 NC28SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 189 & %REC 
1-123-1-Q-3J-T15 NC28SDG018 Dibromo-octafluoro-biphenyl 106  %REC 
1-123-1-Q-3J-T17 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 61  %REC 
1-123-1-Q-3J-T17 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 78  %REC 
1-123-1-Q-3J-T17 NC28SDG019 Dibromo-octafluoro-biphenyl 49  %REC 
1-123-1-Q-3J-T19 NC28SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-123-1-Q-3J-T19 NC28SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
1-123-1-Q-3J-T19 NC28SDG021 Dibromo-octafluoro-biphenyl 75  %REC 
1-123-1-Q-3J-T21 NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 109  %REC 
1-123-1-Q-3J-T21 NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 175 & %REC 
1-123-1-Q-3J-T21 NC34SDG001 Dibromo-octafluoro-biphenyl 94  %REC 
1-123-1-Q-3J-T25 NC34SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 104  %REC 
1-123-1-Q-3J-T25 NC34SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 150 E& %REC 
1-123-1-Q-3J-T25 NC34SDG007 Dibromo-octafluoro-biphenyl 64  %REC 
1-123-1-Q-3J-T26 NC34SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 37 & %REC 
1-123-1-Q-3J-T26 NC34SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 46  %REC 
1-123-1-Q-3J-T26 NC34SDG009 Dibromo-octafluoro-biphenyl 31 & %REC 
1-123-1-Q-3J-T28 NC34SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 106  %REC 
1-123-1-Q-3J-T28 NC34SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 140 & %REC 
1-123-1-Q-3J-T28 NC34SDG012 Dibromo-octafluoro-biphenyl 98  %REC 
1-123-1-Q-3J-T3 NC28SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
1-123-1-Q-3J-T3 NC28SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 138 & %REC 
1-123-1-Q-3J-T3 NC28SDG012 Dibromo-octafluoro-biphenyl 84  %REC 
1-123-1-Q-3J-T30 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
1-123-1-Q-3J-T30 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 131 & %REC 
1-123-1-Q-3J-T30 CSC81SDG001 Dibromo-octafluoro-biphenyl 72  %REC 
1-123-1-Q-3J-T5 NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 29 & %REC 
1-123-1-Q-3J-T5 NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 45  %REC 
1-123-1-Q-3J-T5 NC28SDG013 Dibromo-octafluoro-biphenyl 23 & %REC 
1-123-1-Q-3J-T7 NC28SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
1-123-1-Q-3J-T7 NC28SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 108  %REC 
1-123-1-Q-3J-T7 NC28SDG014 Dibromo-octafluoro-biphenyl 84  %REC 
1-123-1-Q-3J-T9 NC28SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
1-123-1-Q-3J-T9 NC28SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 144 & %REC 
1-123-1-Q-3J-T9 NC28SDG015 Dibromo-octafluoro-biphenyl 90  %REC 
1-123-1-Q-3K-T1 NC34SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 105  %REC 
1-123-1-Q-3K-T1 NC34SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
1-123-1-Q-3K-T1 NC34SDG011 Dibromo-octafluoro-biphenyl 88  %REC 
1-123-1-Q-3K-T11 NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 99  %REC 
1-123-1-Q-3K-T11 NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 167 & %REC 
1-123-1-Q-3K-T11 NC34SDG013 Dibromo-octafluoro-biphenyl 74  %REC 
1-123-1-Q-3K-T13 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-123-1-Q-3K-T13 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 129 & %REC 
1-123-1-Q-3K-T13 CSC81SDG001 Dibromo-octafluoro-biphenyl 66  %REC 
1-123-1-Q-3K-T3 NC34SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 111  %REC 
1-123-1-Q-3K-T3 NC34SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 135 & %REC 
1-123-1-Q-3K-T3 NC34SDG011 Dibromo-octafluoro-biphenyl 101  %REC 
1-123-1-Q-3K-T5 NC34SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 115  %REC 
1-123-1-Q-3K-T5 NC34SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 147 & %REC 
1-123-1-Q-3K-T5 NC34SDG011 Dibromo-octafluoro-biphenyl 100  %REC 
1-123-1-Q-3K-T7 NC34SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 99  %REC 
1-123-1-Q-3K-T7 NC34SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 123  %REC 
1-123-1-Q-3K-T7 NC34SDG012 Dibromo-octafluoro-biphenyl 80  %REC 
1-123-1-Q-3K-T9 NC34SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 104  %REC 
1-123-1-Q-3K-T9 NC34SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 139 & %REC 
1-123-1-Q-3K-T9 NC34SDG012 Dibromo-octafluoro-biphenyl 96  %REC 
1-123-1-Q-3L-B1 CSC81SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
1-123-1-Q-3L-B1 CSC81SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
1-123-1-Q-3L-B1 CSC81SDG014 Dibromo-octafluoro-biphenyl 68  %REC 
1-123-1-Q-3L-SR CSC81SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
1-123-1-Q-3L-SR CSC81SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
1-123-1-Q-3L-SR CSC81SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
1-123-1-Q-3L-SR CSC81SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
1-123-1-Q-3L-SR CSC81SDG014 Dibromo-octafluoro-biphenyl 102  %REC 
1-123-1-Q-3L-SR CSC81SDG014 Dibromo-octafluoro-biphenyl 66  %REC 
1-123-1-Q-3L-T1 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
1-123-1-Q-3L-T1 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 118  %REC 
1-123-1-Q-3L-T1 CSC81SDG001 Dibromo-octafluoro-biphenyl 58  %REC 
1-123-1-Q-3L-T11 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
1-123-1-Q-3L-T11 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 122  %REC 
1-123-1-Q-3L-T11 CSC81SDG001 Dibromo-octafluoro-biphenyl 78  %REC 
1-123-1-Q-3L-T13 CSC81SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 108  %REC 
1-123-1-Q-3L-T13 CSC81SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 127 & %REC 
1-123-1-Q-3L-T13 CSC81SDG004 Dibromo-octafluoro-biphenyl 94  %REC 
1-123-1-Q-3L-T15 CSC81SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
1-123-1-Q-3L-T15 CSC81SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
1-123-1-Q-3L-T15 CSC81SDG005 Dibromo-octafluoro-biphenyl 61  %REC 
1-123-1-Q-3L-T17 CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-123-1-Q-3L-T17 CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 119  %REC 
1-123-1-Q-3L-T17 CSC81SDG007 Dibromo-octafluoro-biphenyl 75  %REC 
1-123-1-Q-3L-T19 CSC81SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
1-123-1-Q-3L-T19 CSC81SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
1-123-1-Q-3L-T19 CSC81SDG011 Dibromo-octafluoro-biphenyl 73  %REC 
1-123-1-Q-3L-T21 CSC81SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
1-123-1-Q-3L-T21 CSC81SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
1-123-1-Q-3L-T21 CSC81SDG014 Dibromo-octafluoro-biphenyl 83  %REC 
1-123-1-Q-3L-T3 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
1-123-1-Q-3L-T3 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
1-123-1-Q-3L-T3 CSC81SDG001 Dibromo-octafluoro-biphenyl 58  %REC 
1-123-1-Q-3L-T5 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
1-123-1-Q-3L-T5 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 131 & %REC 
1-123-1-Q-3L-T5 CSC81SDG001 Dibromo-octafluoro-biphenyl 71  %REC 
1-123-1-Q-3L-T7 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
1-123-1-Q-3L-T7 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 114  %REC 
1-123-1-Q-3L-T7 CSC81SDG001 Dibromo-octafluoro-biphenyl 62  %REC 
1-123-1-Q-3L-T9 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 99  %REC 
1-123-1-Q-3L-T9 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 139 & %REC 
1-123-1-Q-3L-T9 CSC81SDG001 Dibromo-octafluoro-biphenyl 72  %REC 
1-51-0-E-5A NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 49  %REC 
1-51-0-E-5A NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 73  %REC 
1-51-0-E-5A NC34SDG006 Dibromo-octafluoro-biphenyl 45  %REC 
1-51-0-E-5A-B12 NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
1-51-0-E-5A-B12 NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 148 & %REC 
1-51-0-E-5A-B12 NC22SDG015 Dibromo-octafluoro-biphenyl 88  %REC 
1-51-0-E-5A-B65 NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 106  %REC 
1-51-0-E-5A-B65 NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 131 & %REC 
1-51-0-E-5A-B65 NC34SDG004 Dibromo-octafluoro-biphenyl 78  %REC 
1-51-0-E-5A-T1 NC22SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 42  %REC 
1-51-0-E-5A-T1 NC22SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 59  %REC 
1-51-0-E-5A-T1 NC22SDG003 Dibromo-octafluoro-biphenyl 31 & %REC 
1-51-0-E-5A-T11 NC22SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
1-51-0-E-5A-T11 NC22SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 132 & %REC 
1-51-0-E-5A-T11 NC22SDG003 Dibromo-octafluoro-biphenyl 68  %REC 
1-51-0-E-5A-T13 NC22SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-51-0-E-5A-T13 NC22SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 117  %REC 
1-51-0-E-5A-T13 NC22SDG004 Dibromo-octafluoro-biphenyl 86  %REC 
1-51-0-E-5A-T15 NC22SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
1-51-0-E-5A-T15 NC22SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 120  %REC 
1-51-0-E-5A-T15 NC22SDG005 Dibromo-octafluoro-biphenyl 81  %REC 
1-51-0-E-5A-T17 NC22SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 105  %REC 
1-51-0-E-5A-T17 NC22SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 140 & %REC 
1-51-0-E-5A-T17 NC22SDG006 Dibromo-octafluoro-biphenyl 80  %REC 
1-51-0-E-5A-T20 NC22SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
1-51-0-E-5A-T20 NC22SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 108  %REC 
1-51-0-E-5A-T20 NC22SDG009 Dibromo-octafluoro-biphenyl 84  %REC 
1-51-0-E-5A-T24 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
1-51-0-E-5A-T24 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 143 & %REC 
1-51-0-E-5A-T24 NC22SDG013 Dibromo-octafluoro-biphenyl 57  %REC 
1-51-0-E-5A-T26 NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
1-51-0-E-5A-T26 NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
1-51-0-E-5A-T26 NC22SDG015 Dibromo-octafluoro-biphenyl 67  %REC 
1-51-0-E-5A-T28 NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 69  %REC 
1-51-0-E-5A-T28 NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
1-51-0-E-5A-T28 NC22SDG020 Dibromo-octafluoro-biphenyl 56  %REC 
1-51-0-E-5A-T31 NC22SDG025 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
1-51-0-E-5A-T31 NC22SDG025 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 122  %REC 
1-51-0-E-5A-T31 NC22SDG025 Dibromo-octafluoro-biphenyl 91  %REC 
1-51-0-E-5A-T34 NC28SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 115  %REC 
1-51-0-E-5A-T34 NC28SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 158 & %REC 
1-51-0-E-5A-T34 NC28SDG002 Dibromo-octafluoro-biphenyl 94  %REC 
1-51-0-E-5A-T38 NC28SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 46  %REC 
1-51-0-E-5A-T38 NC28SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 96  %REC 
1-51-0-E-5A-T38 NC28SDG007 Dibromo-octafluoro-biphenyl 34 & %REC 
1-51-0-E-5A-T40 NC28SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 47  %REC 
1-51-0-E-5A-T40 NC28SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 64  %REC 
1-51-0-E-5A-T40 NC28SDG010 Dibromo-octafluoro-biphenyl 32 & %REC 
1-51-0-E-5A-T43 NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
1-51-0-E-5A-T43 NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 139 & %REC 
1-51-0-E-5A-T43 NC28SDG013 Dibromo-octafluoro-biphenyl 71  %REC 
1-51-0-E-5A-T47 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 54  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-51-0-E-5A-T47 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
1-51-0-E-5A-T47 NC28SDG019 Dibromo-octafluoro-biphenyl 38 & %REC 
1-51-0-E-5A-T48 NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 65  %REC 
1-51-0-E-5A-T48 NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
1-51-0-E-5A-T48 NC28SDG023 Dibromo-octafluoro-biphenyl 51  %REC 
1-51-0-E-5A-T50 NC34SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
1-51-0-E-5A-T50 NC34SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 
1-51-0-E-5A-T50 NC34SDG002 Dibromo-octafluoro-biphenyl 80  %REC 
1-51-0-E-5B NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
1-51-0-E-5B NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 71  %REC 
1-51-0-E-5B NC22SDG053 Dibromo-octafluoro-biphenyl 73  %REC 
1-51-0-E-5D NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 112  %REC 
1-51-0-E-5D NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81 D %REC 
1-51-0-E-5D NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81 D %REC 
1-51-0-E-5D NC34SDG006 Dibromo-octafluoro-biphenyl 72  %REC 
1-51-0-E-5D NC34SDG006 Dibromo-octafluoro-biphenyl 87  %REC 
1-51-0-E-5D-B58 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
1-51-0-E-5D-B58 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
1-51-0-E-5D-B58 NC34SDG005 Dibromo-octafluoro-biphenyl 70  %REC 
1-51-0-E-5D-T1 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
1-51-0-E-5D-T1 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 140 & %REC 
1-51-0-E-5D-T1 NC22SDG013 Dibromo-octafluoro-biphenyl 56  %REC 
1-51-0-E-5D-T11 NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
1-51-0-E-5D-T11 NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 131 & %REC 
1-51-0-E-5D-T11 NC22SDG016 Dibromo-octafluoro-biphenyl 69  %REC 
1-51-0-E-5D-T13 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
1-51-0-E-5D-T13 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
1-51-0-E-5D-T13 NC22SDG019 Dibromo-octafluoro-biphenyl 61  %REC 
1-51-0-E-5D-T15 NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
1-51-0-E-5D-T15 NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
1-51-0-E-5D-T15 NC22SDG022 Dibromo-octafluoro-biphenyl 65  %REC 
1-51-0-E-5D-T18 NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
1-51-0-E-5D-T18 NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 146 & %REC 
1-51-0-E-5D-T18 NC22SDG026 Dibromo-octafluoro-biphenyl 55  %REC 
1-51-0-E-5D-T21 NC28SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
1-51-0-E-5D-T21 NC28SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 152 & %REC 











 



 
 



C-81



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-51-0-E-5D-T21 NC28SDG003 Dibromo-octafluoro-biphenyl 92  %REC 
1-51-0-E-5D-T24 NC28SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
1-51-0-E-5D-T24 NC28SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
1-51-0-E-5D-T24 NC28SDG008 Dibromo-octafluoro-biphenyl 60  %REC 
1-51-0-E-5D-T27 NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 65  %REC 
1-51-0-E-5D-T27 NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 113  %REC 
1-51-0-E-5D-T27 NC28SDG011 Dibromo-octafluoro-biphenyl 49  %REC 
1-51-0-E-5D-T31 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 63  %REC 
1-51-0-E-5D-T31 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 118  %REC 
1-51-0-E-5D-T31 NC28SDG016 Dibromo-octafluoro-biphenyl 42 & %REC 
1-51-0-E-5D-T32 NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
1-51-0-E-5D-T32 NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 109  %REC 
1-51-0-E-5D-T32 NC28SDG022 Dibromo-octafluoro-biphenyl 66  %REC 
1-51-0-E-5D-T34 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 60  %REC 
1-51-0-E-5D-T34 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
1-51-0-E-5D-T34 NC34SDG005 Dibromo-octafluoro-biphenyl 49  %REC 
1-51-0-E-5D-T6 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
1-51-0-E-5D-T6 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 138 & %REC 
1-51-0-E-5D-T6 NC22SDG013 Dibromo-octafluoro-biphenyl 51  %REC 
1-51-0-E-5D-T9 NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
1-51-0-E-5D-T9 NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 113  %REC 
1-51-0-E-5D-T9 NC22SDG014 Dibromo-octafluoro-biphenyl 78  %REC 
1-51-0-E-5E CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 63  %REC 
1-51-0-E-5E CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
1-51-0-E-5E CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 65  %REC 
1-51-0-E-5E CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
1-51-0-E-5E CSC81SDG007 Dibromo-octafluoro-biphenyl 71  %REC 
1-51-0-E-5E CSC81SDG007 Dibromo-octafluoro-biphenyl 75  %REC 
1-51-0-E-5E-B1 CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
1-51-0-E-5E-B1 CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 139 & %REC 
1-51-0-E-5E-B1 CSC81SDG007 Dibromo-octafluoro-biphenyl 94  %REC 
1-51-0-E-5E-SR CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 31 & %REC 
1-51-0-E-5E-SR CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 38 & %REC 
1-51-0-E-5E-SR CSC81SDG007 Dibromo-octafluoro-biphenyl 28 & %REC 
1-51-0-E-5E-T1 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
1-51-0-E-5E-T1 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 140 & %REC 











 



 
 



C-82



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-51-0-E-5E-T1 NC28SDG016 Dibromo-octafluoro-biphenyl 72  %REC 
1-51-0-E-5E-T11 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
1-51-0-E-5E-T11 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
1-51-0-E-5E-T11 NC28SDG019 Dibromo-octafluoro-biphenyl 63  %REC 
1-51-0-E-5E-T13 NC28SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
1-51-0-E-5E-T13 NC28SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 106  %REC 
1-51-0-E-5E-T13 NC28SDG021 Dibromo-octafluoro-biphenyl 64  %REC 
1-51-0-E-5E-T15 NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 114  %REC 
1-51-0-E-5E-T15 NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 138 & %REC 
1-51-0-E-5E-T15 NC28SDG023 Dibromo-octafluoro-biphenyl 89  %REC 
1-51-0-E-5E-T17 NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
1-51-0-E-5E-T17 NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 131 & %REC 
1-51-0-E-5E-T17 NC34SDG001 Dibromo-octafluoro-biphenyl 62  %REC 
1-51-0-E-5E-T19 NC34SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
1-51-0-E-5E-T19 NC34SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 135 & %REC 
1-51-0-E-5E-T19 NC34SDG007 Dibromo-octafluoro-biphenyl 66  %REC 
1-51-0-E-5E-T22 NC34SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 104  %REC 
1-51-0-E-5E-T22 NC34SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
1-51-0-E-5E-T22 NC34SDG009 Dibromo-octafluoro-biphenyl 71  %REC 
1-51-0-E-5E-T24 NC34SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
1-51-0-E-5E-T24 NC34SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 100  %REC 
1-51-0-E-5E-T24 NC34SDG012 Dibromo-octafluoro-biphenyl 87  %REC 
1-51-0-E-5E-T26 CSC81SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
1-51-0-E-5E-T26 CSC81SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 127 & %REC 
1-51-0-E-5E-T26 CSC81SDG004 Dibromo-octafluoro-biphenyl 85  %REC 
1-51-0-E-5E-T28 CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 65  %REC 
1-51-0-E-5E-T28 CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
1-51-0-E-5E-T28 CSC81SDG007 Dibromo-octafluoro-biphenyl 66  %REC 
1-51-0-E-5E-T3 NC28SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
1-51-0-E-5E-T3 NC28SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
1-51-0-E-5E-T3 NC28SDG017 Dibromo-octafluoro-biphenyl 79  %REC 
1-51-0-E-5E-T5 NC28SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
1-51-0-E-5E-T5 NC28SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 102  %REC 
1-51-0-E-5E-T5 NC28SDG017 Dibromo-octafluoro-biphenyl 77  %REC 
1-51-0-E-5E-T7 NC28SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
1-51-0-E-5E-T7 NC28SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 











 



 
 



C-83



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
1-51-0-E-5E-T7 NC28SDG017 Dibromo-octafluoro-biphenyl 84  %REC 
1-51-0-E-5E-T9 NC28SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 131 & %REC 
1-51-0-E-5E-T9 NC28SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 184 & %REC 
1-51-0-E-5E-T9 NC28SDG018 Dibromo-octafluoro-biphenyl 129 & %REC 
212-147A-S NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
212-147A-S NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
212-147A-S NC34SDG006 Dibromo-octafluoro-biphenyl 0 & %REC 
212-147A-S-A NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
212-147A-S-A NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
212-147A-S-A NC34SDG006 Dibromo-octafluoro-biphenyl 0 & %REC 
212-147A-S-A-B57 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
212-147A-S-A-B57 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
212-147A-S-A-B57 NC34SDG005 Dibromo-octafluoro-biphenyl 72  %REC 
212-147A-S-A-T1 NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 101  %REC 
212-147A-S-A-T1 NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 130 & %REC 
212-147A-S-A-T1 NC22SDG014 Dibromo-octafluoro-biphenyl 86  %REC 
212-147A-S-A-T11 NC22SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
212-147A-S-A-T11 NC22SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 105  %REC 
212-147A-S-A-T11 NC22SDG017 Dibromo-octafluoro-biphenyl 65  %REC 
212-147A-S-A-T13 NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
212-147A-S-A-T13 NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
212-147A-S-A-T13 NC22SDG020 Dibromo-octafluoro-biphenyl 58  %REC 
212-147A-S-A-T15 NC22SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
212-147A-S-A-T15 NC22SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 198 & %REC 
212-147A-S-A-T15 NC22SDG023 Dibromo-octafluoro-biphenyl 78  %REC 
212-147A-S-A-T18 NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
212-147A-S-A-T18 NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 161 & %REC 
212-147A-S-A-T18 NC22SDG026 Dibromo-octafluoro-biphenyl 76  %REC 
212-147A-S-A-T20 NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 77  %REC 
212-147A-S-A-T20 NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 144 & %REC 
212-147A-S-A-T20 NC22SDG054 Dibromo-octafluoro-biphenyl 69  %REC 
212-147A-S-A-T23 NC28SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
212-147A-S-A-T23 NC28SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 114  %REC 
212-147A-S-A-T23 NC28SDG006 Dibromo-octafluoro-biphenyl 68  %REC 
212-147A-S-A-T26 NC28SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
212-147A-S-A-T26 NC28SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81  %REC 











 



 
 



C-84



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
212-147A-S-A-T26 NC28SDG010 Dibromo-octafluoro-biphenyl 50  %REC 
212-147A-S-A-T29 NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
212-147A-S-A-T29 NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 158 & %REC 
212-147A-S-A-T29 NC28SDG013 Dibromo-octafluoro-biphenyl 84  %REC 
212-147A-S-A-T32 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 64  %REC 
212-147A-S-A-T32 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
212-147A-S-A-T32 NC28SDG019 Dibromo-octafluoro-biphenyl 46  %REC 
212-147A-S-A-T38 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 61  %REC 
212-147A-S-A-T38 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 78  %REC 
212-147A-S-A-T38 NC34SDG005 Dibromo-octafluoro-biphenyl 50  %REC 
212-147A-S-A-T6 NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
212-147A-S-A-T6 NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
212-147A-S-A-T6 NC22SDG014 Dibromo-octafluoro-biphenyl 67  %REC 
212-147A-S-A-T9 NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
212-147A-S-A-T9 NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 104  %REC 
212-147A-S-A-T9 NC22SDG015 Dibromo-octafluoro-biphenyl 71  %REC 
212-147A-S-B009 NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 100  %REC 
212-147A-S-B009 NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 150 & %REC 
212-147A-S-B009 NC22SDG015 Dibromo-octafluoro-biphenyl 96  %REC 
212-147A-S-B62 NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 111  %REC 
212-147A-S-B62 NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 125  %REC 
212-147A-S-B62 NC34SDG004 Dibromo-octafluoro-biphenyl 86  %REC 
212-147A-S-T1 NC22SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
212-147A-S-T1 NC22SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 135 & %REC 
212-147A-S-T1 NC22SDG006 Dibromo-octafluoro-biphenyl 69  %REC 
212-147A-S-T10 NC22SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 103  %REC 
212-147A-S-T10 NC22SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 135 & %REC 
212-147A-S-T10 NC22SDG006 Dibromo-octafluoro-biphenyl 83  %REC 
212-147A-S-T14 NC22SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
212-147A-S-T14 NC22SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
212-147A-S-T14 NC22SDG007 Dibromo-octafluoro-biphenyl 70  %REC 
212-147A-S-T17 NC22SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
212-147A-S-T17 NC22SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 98  %REC 
212-147A-S-T17 NC22SDG009 Dibromo-octafluoro-biphenyl 82  %REC 
212-147A-S-T21 NC22SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
212-147A-S-T21 NC22SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 











 



 
 



C-85



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
212-147A-S-T21 NC22SDG012 Dibromo-octafluoro-biphenyl 75  %REC 
212-147A-S-T23 NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
212-147A-S-T23 NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
212-147A-S-T23 NC22SDG015 Dibromo-octafluoro-biphenyl 67  %REC 
212-147A-S-T25 NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
212-147A-S-T25 NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 139 & %REC 
212-147A-S-T25 NC22SDG016 Dibromo-octafluoro-biphenyl 69  %REC 
212-147A-S-T27 NC22SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
212-147A-S-T27 NC22SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 122  %REC 
212-147A-S-T27 NC22SDG021 Dibromo-octafluoro-biphenyl 75  %REC 
212-147A-S-T30 NC22SDG025 103 - 2,2',4,5',6-Pentachlorobiphenyl 103  %REC 
212-147A-S-T30 NC22SDG025 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 121  %REC 
212-147A-S-T30 NC22SDG025 Dibromo-octafluoro-biphenyl 87  %REC 
212-147A-S-T33 NC28SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
212-147A-S-T33 NC28SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
212-147A-S-T33 NC28SDG002 Dibromo-octafluoro-biphenyl 83  %REC 
212-147A-S-T36 NC28SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
212-147A-S-T36 NC28SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 110  %REC 
212-147A-S-T36 NC28SDG007 Dibromo-octafluoro-biphenyl 45  %REC 
212-147A-S-T40 NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 62  %REC 
212-147A-S-T40 NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 106  %REC 
212-147A-S-T40 NC28SDG011 Dibromo-octafluoro-biphenyl 46  %REC 
212-147A-S-T45 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 61  %REC 
212-147A-S-T45 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 111  %REC 
212-147A-S-T45 NC28SDG016 Dibromo-octafluoro-biphenyl 52  %REC 
212-147A-S-T46 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 69  %REC 
212-147A-S-T46 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
212-147A-S-T46 NC28SDG016 Dibromo-octafluoro-biphenyl 51  %REC 
212-147A-S-T49 NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
212-147A-S-T49 NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
212-147A-S-T49 NC28SDG022 Dibromo-octafluoro-biphenyl 76  %REC 
212-147A-S-T51 NC34SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 102  %REC 
212-147A-S-T51 NC34SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 182 & %REC 
212-147A-S-T51 NC34SDG002 Dibromo-octafluoro-biphenyl 88  %REC 
212-147A-S-UF-B37 NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 67  %REC 
212-147A-S-UF-B37 NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 79  %REC 











 



 
 



C-86



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
212-147A-S-UF-B37 NC34SDG013 Dibromo-octafluoro-biphenyl 65  %REC 
214-59B-S1 CSC81SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
214-59B-S1 CSC81SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 823 & %REC 
214-59B-S1 CSC81SDG013 Dibromo-octafluoro-biphenyl 115  %REC 
214-59B-S1-B24 NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
214-59B-S1-B24 NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 117  %REC 
214-59B-S1-B24 NC34SDG013 Dibromo-octafluoro-biphenyl 84  %REC 
214-59B-S1-B53 CSC81SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
214-59B-S1-B53 CSC81SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 77  %REC 
214-59B-S1-B53 CSC81SDG012 Dibromo-octafluoro-biphenyl 71  %REC 
214-59B-S1-T1 NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
214-59B-S1-T1 NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 153 & %REC 
214-59B-S1-T1 NC34SDG001 Dibromo-octafluoro-biphenyl 62  %REC 
214-59B-S1-T10 NC34SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
214-59B-S1-T10 NC34SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 151 & %REC 
214-59B-S1-T10 NC34SDG007 Dibromo-octafluoro-biphenyl 54  %REC 
214-59B-S1-T12 NC34SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 63  %REC 
214-59B-S1-T12 NC34SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 96  %REC 
214-59B-S1-T12 NC34SDG008 Dibromo-octafluoro-biphenyl 56  %REC 
214-59B-S1-T20 NC34SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
214-59B-S1-T20 NC34SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 100  %REC 
214-59B-S1-T20 NC34SDG010 Dibromo-octafluoro-biphenyl 63  %REC 
214-59B-S1-T21G NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
214-59B-S1-T21G NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
214-59B-S1-T21G NC34SDG013 Dibromo-octafluoro-biphenyl 68  %REC 
214-59B-S1-T22 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 58  %REC 
214-59B-S1-T22 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 106  %REC 
214-59B-S1-T22 CSC81SDG001 Dibromo-octafluoro-biphenyl 39 & %REC 
214-59B-S1-T24 CSC81SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 53  %REC 
214-59B-S1-T24 CSC81SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 56  %REC 
214-59B-S1-T24 CSC81SDG006 Dibromo-octafluoro-biphenyl 42 & %REC 
214-59B-S1-T26 CSC81SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 42 & %REC 
214-59B-S1-T26 CSC81SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 49  %REC 
214-59B-S1-T26 CSC81SDG010 Dibromo-octafluoro-biphenyl 41 & %REC 
214-59B-S1-T28 CSC81SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 69  %REC 
214-59B-S1-T28 CSC81SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 71  %REC 











 



 
 



C-87



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
214-59B-S1-T28 CSC81SDG012 Dibromo-octafluoro-biphenyl 59  %REC 
214-59B-S1-T3 NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 105  %REC 
214-59B-S1-T3 NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 155 & %REC 
214-59B-S1-T3 NC34SDG001 Dibromo-octafluoro-biphenyl 83  %REC 
214-59B-S1-T5 NC34SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
214-59B-S1-T5 NC34SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 131 & %REC 
214-59B-S1-T5 NC34SDG002 Dibromo-octafluoro-biphenyl 74  %REC 
214-59B-S1-T7 NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
214-59B-S1-T7 NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 111  %REC 
214-59B-S1-T7 NC34SDG004 Dibromo-octafluoro-biphenyl 68  %REC 
214-59B-S2 CSC81SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 99  %REC 
214-59B-S2 CSC81SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 806 & %REC 
214-59B-S2 CSC81SDG013 Dibromo-octafluoro-biphenyl 100  %REC 
214-59B-S2-B24 NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
214-59B-S2-B24 NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 125  %REC 
214-59B-S2-B24 NC34SDG013 Dibromo-octafluoro-biphenyl 74  %REC 
214-59B-S2-B53 CSC81SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
214-59B-S2-B53 CSC81SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
214-59B-S2-B53 CSC81SDG012 Dibromo-octafluoro-biphenyl 75  %REC 
214-59B-S2-T1 NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
214-59B-S2-T1 NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 178 & %REC 
214-59B-S2-T1 NC34SDG001 Dibromo-octafluoro-biphenyl 74  %REC 
214-59B-S2-T10 NC34SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
214-59B-S2-T10 NC34SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 155 & %REC 
214-59B-S2-T10 NC34SDG007 Dibromo-octafluoro-biphenyl 67  %REC 
214-59B-S2-T12 NC34SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 69  %REC 
214-59B-S2-T12 NC34SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
214-59B-S2-T12 NC34SDG008 Dibromo-octafluoro-biphenyl 62  %REC 
214-59B-S2-T18 NC34SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
214-59B-S2-T18 NC34SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 
214-59B-S2-T18 NC34SDG010 Dibromo-octafluoro-biphenyl 54  %REC 
214-59B-S2-T22 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 59  %REC 
214-59B-S2-T22 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 111  %REC 
214-59B-S2-T22 CSC81SDG001 Dibromo-octafluoro-biphenyl 35 & %REC 
214-59B-S2-T24 CSC81SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 46  %REC 
214-59B-S2-T24 CSC81SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 58  %REC 











 



 
 



C-88



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
214-59B-S2-T24 CSC81SDG006 Dibromo-octafluoro-biphenyl 38 & %REC 
214-59B-S2-T26 CSC81SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
214-59B-S2-T26 CSC81SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
214-59B-S2-T26 CSC81SDG010 Dibromo-octafluoro-biphenyl 65  %REC 
214-59B-S2-T28 CSC81SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 66  %REC 
214-59B-S2-T28 CSC81SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 67  %REC 
214-59B-S2-T28 CSC81SDG012 Dibromo-octafluoro-biphenyl 58  %REC 
214-59B-S2-T3 NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 106  %REC 
214-59B-S2-T3 NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 175 & %REC 
214-59B-S2-T3 NC34SDG001 Dibromo-octafluoro-biphenyl 86  %REC 
214-59B-S2-T5 NC34SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 109  %REC 
214-59B-S2-T5 NC34SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 191 & %REC 
214-59B-S2-T5 NC34SDG002 Dibromo-octafluoro-biphenyl 97  %REC 
214-59B-S2-T7 NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 107  %REC 
214-59B-S2-T7 NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 147 & %REC 
214-59B-S2-T7 NC34SDG004 Dibromo-octafluoro-biphenyl 85  %REC 
225-27B-HP-QC-B01 NC28SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 113  %REC 
225-27B-HP-QC-B01 NC28SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 113  %REC 
225-27B-HP-QC-B01 NC28SDG001 Dibromo-octafluoro-biphenyl 76  %REC 
225-27B-HP-QC-B02 NC28SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
225-27B-HP-QC-B02 NC28SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 111  %REC 
225-27B-HP-QC-B02 NC28SDG001 Dibromo-octafluoro-biphenyl 82  %REC 
225-27B-HP-QC-B03 NC28SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
225-27B-HP-QC-B03 NC28SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 102  %REC 
225-27B-HP-QC-B03 NC28SDG001 Dibromo-octafluoro-biphenyl 82  %REC 
225-27B-HP-QC-B04 NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 114  %REC 
225-27B-HP-QC-B04 NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 178 & %REC 
225-27B-HP-QC-B04 NC22SDG054 Dibromo-octafluoro-biphenyl 58  %REC 
225-27B-HP-QC-B05 NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 99  %REC 
225-27B-HP-QC-B05 NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 153 & %REC 
225-27B-HP-QC-B05 NC22SDG054 Dibromo-octafluoro-biphenyl 92  %REC 
225-27B-HP-QC-B06 NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
225-27B-HP-QC-B06 NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
225-27B-HP-QC-B06 NC22SDG054 Dibromo-octafluoro-biphenyl 84  %REC 
225-27B-HP-QC-B07 NC28SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
225-27B-HP-QC-B07 NC28SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 110  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
225-27B-HP-QC-B07 NC28SDG006 Dibromo-octafluoro-biphenyl 73  %REC 
225-27B-HP-QC-B08 NC28SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
225-27B-HP-QC-B08 NC28SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
225-27B-HP-QC-B08 NC28SDG007 Dibromo-octafluoro-biphenyl 56  %REC 
225-27B-HP-QC-B09 NC28SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 64  %REC 
225-27B-HP-QC-B09 NC28SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 80  %REC 
225-27B-HP-QC-B09 NC28SDG007 Dibromo-octafluoro-biphenyl 49  %REC 
225-27B-MS-B001 NC22SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
225-27B-MS-B001 NC22SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 129 & %REC 
225-27B-MS-B001 NC22SDG001 Dibromo-octafluoro-biphenyl 64  %REC 
225-27B-MS-B002 NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 103  %REC 
225-27B-MS-B002 NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 138 & %REC 
225-27B-MS-B002 NC22SDG002 Dibromo-octafluoro-biphenyl 94  %REC 
225-27B-MS-B003 NC22SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
225-27B-MS-B003 NC22SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 110  %REC 
225-27B-MS-B003 NC22SDG004 Dibromo-octafluoro-biphenyl 81  %REC 
225-27B-MS-B004 NC22SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
225-27B-MS-B004 NC22SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 117  %REC 
225-27B-MS-B004 NC22SDG007 Dibromo-octafluoro-biphenyl 75  %REC 
225-27B-MS-B005 NC22SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
225-27B-MS-B005 NC22SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 105  %REC 
225-27B-MS-B005 NC22SDG008 Dibromo-octafluoro-biphenyl 85  %REC 
225-27B-MS-B006 NC22SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
225-27B-MS-B006 NC22SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 112  %REC 
225-27B-MS-B006 NC22SDG009 Dibromo-octafluoro-biphenyl 84  %REC 
225-27B-MS-B007 NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 100  %REC 
225-27B-MS-B007 NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 131 & %REC 
225-27B-MS-B007 NC22SDG010 Dibromo-octafluoro-biphenyl 73  %REC 
225-27B-MS-B008 NC22SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
225-27B-MS-B008 NC22SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 114  %REC 
225-27B-MS-B008 NC22SDG011 Dibromo-octafluoro-biphenyl 81  %REC 
225-27B-MS-B009 NC22SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 105  %REC 
225-27B-MS-B009 NC22SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 152 & %REC 
225-27B-MS-B009 NC22SDG011 Dibromo-octafluoro-biphenyl 82  %REC 
225-27B-MS-B010 NC22SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
225-27B-MS-B010 NC22SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 105  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
225-27B-MS-B010 NC22SDG012 Dibromo-octafluoro-biphenyl 91  %REC 
225-27B-MS-B011 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
225-27B-MS-B011 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 148 & %REC 
225-27B-MS-B011 NC22SDG013 Dibromo-octafluoro-biphenyl 62  %REC 
225-27B-MS-B012 NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 102  %REC 
225-27B-MS-B012 NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 137 & %REC 
225-27B-MS-B012 NC22SDG014 Dibromo-octafluoro-biphenyl 91  %REC 
225-27B-MS-B013 NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
225-27B-MS-B013 NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 123  %REC 
225-27B-MS-B013 NC22SDG016 Dibromo-octafluoro-biphenyl 70  %REC 
225-27B-MS-B014 NC22SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
225-27B-MS-B014 NC22SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 110  %REC 
225-27B-MS-B014 NC22SDG017 Dibromo-octafluoro-biphenyl 72  %REC 
225-27B-MS-B015 NC22SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
225-27B-MS-B015 NC22SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 158 & %REC 
225-27B-MS-B015 NC22SDG018 Dibromo-octafluoro-biphenyl 60  %REC 
225-27B-MS-B016 NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
225-27B-MS-B016 NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
225-27B-MS-B016 NC22SDG020 Dibromo-octafluoro-biphenyl 58  %REC 
225-27B-MS-B017 NC22SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
225-27B-MS-B017 NC22SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 73  %REC 
225-27B-MS-B017 NC22SDG021 Dibromo-octafluoro-biphenyl 70  %REC 
225-27B-MS-B018 NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 108  %REC 
225-27B-MS-B018 NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 123  %REC 
225-27B-MS-B018 NC22SDG022 Dibromo-octafluoro-biphenyl 81  %REC 
225-27B-MS-B019 NC22SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
225-27B-MS-B019 NC22SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 182 & %REC 
225-27B-MS-B019 NC22SDG023 Dibromo-octafluoro-biphenyl 81  %REC 
225-27B-QC-B001 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
225-27B-QC-B001 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 104  %REC 
225-27B-QC-B001 NC22SDG019 Dibromo-octafluoro-biphenyl 64  %REC 
225-27B-QC-B003 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
225-27B-QC-B003 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
225-27B-QC-B003 NC22SDG019 Dibromo-octafluoro-biphenyl 61  %REC 
225-27B-QC-B004 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
225-27B-QC-B004 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 99  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
225-27B-QC-B004 NC22SDG019 Dibromo-octafluoro-biphenyl 53  %REC 
225-27B-QC-B005 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
225-27B-QC-B005 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
225-27B-QC-B005 NC22SDG019 Dibromo-octafluoro-biphenyl 59  %REC 
225-27B-QC-B006 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
225-27B-QC-B006 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
225-27B-QC-B006 NC22SDG019 Dibromo-octafluoro-biphenyl 59  %REC 
225-27B-QC-B007 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
225-27B-QC-B007 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
225-27B-QC-B007 NC22SDG019 Dibromo-octafluoro-biphenyl 62  %REC 
225-27B-QC-B008 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 77  %REC 
225-27B-QC-B008 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
225-27B-QC-B008 NC22SDG019 Dibromo-octafluoro-biphenyl 62  %REC 
225-27B-QC-B009 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
225-27B-QC-B009 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
225-27B-QC-B009 NC22SDG019 Dibromo-octafluoro-biphenyl 62  %REC 
225-27B-QC-B010 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
225-27B-QC-B010 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
225-27B-QC-B010 NC22SDG019 Dibromo-octafluoro-biphenyl 61  %REC 
225-27B-QC-B011 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
225-27B-QC-B011 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
225-27B-QC-B011 NC22SDG019 Dibromo-octafluoro-biphenyl 62  %REC 
225-27B-QC-B014 NC22SDG024 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
225-27B-QC-B014 NC22SDG024 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 161 & %REC 
225-27B-QC-B014 NC22SDG024 Dibromo-octafluoro-biphenyl 70  %REC 
225-27B-QC-B015 NC22SDG024 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
225-27B-QC-B015 NC22SDG024 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 165 & %REC 
225-27B-QC-B015 NC22SDG024 Dibromo-octafluoro-biphenyl 70  %REC 
225-27B-QC-B016 NC22SDG025 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
225-27B-QC-B016 NC22SDG025 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 113  %REC 
225-27B-QC-B016 NC22SDG025 Dibromo-octafluoro-biphenyl 82  %REC 
225-27B-QC-B017 NC22SDG025 103 - 2,2',4,5',6-Pentachlorobiphenyl 123  %REC 
225-27B-QC-B017 NC22SDG025 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 175 & %REC 
225-27B-QC-B017 NC22SDG025 Dibromo-octafluoro-biphenyl 101  %REC 
225-27B-QC-B018 NC28SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 69  %REC 
225-27B-QC-B018 NC28SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 112  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
225-27B-QC-B018 NC28SDG002 Dibromo-octafluoro-biphenyl 58  %REC 
225-27B-QC-B019 NC28SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 103  %REC 
225-27B-QC-B019 NC28SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 119  %REC 
225-27B-QC-B019 NC28SDG002 Dibromo-octafluoro-biphenyl 94  %REC 
225-27B-QC-B020 NC28SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
225-27B-QC-B020 NC28SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 132 & %REC 
225-27B-QC-B020 NC28SDG005 Dibromo-octafluoro-biphenyl 82  %REC 
225-27B-QC-B021 NC28SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 62  %REC 
225-27B-QC-B021 NC28SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 
225-27B-QC-B021 NC28SDG007 Dibromo-octafluoro-biphenyl 45  %REC 
225-27B-QC-B022 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 67  %REC 
225-27B-QC-B022 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 121  %REC 
225-27B-QC-B022 NC28SDG016 Dibromo-octafluoro-biphenyl 56  %REC 
225-27B-QC-B023 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 31 & %REC 
225-27B-QC-B023 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 74  %REC 
225-27B-QC-B023 NC28SDG016 Dibromo-octafluoro-biphenyl 20 & %REC 
225-27B-QC-B024 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
225-27B-QC-B024 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
225-27B-QC-B024 NC28SDG019 Dibromo-octafluoro-biphenyl 66  %REC 
225-27B-QC-B025 NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
225-27B-QC-B025 NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 105  %REC 
225-27B-QC-B025 NC28SDG022 Dibromo-octafluoro-biphenyl 65  %REC 
225-27B-QC-B026 NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 111  %REC 
225-27B-QC-B026 NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 153 & %REC 
225-27B-QC-B026 NC28SDG023 Dibromo-octafluoro-biphenyl 87  %REC 
225-27B-QC-B027 NC34SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 111  %REC 
225-27B-QC-B027 NC34SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 195 & %REC 
225-27B-QC-B027 NC34SDG002 Dibromo-octafluoro-biphenyl 95  %REC 
225-27B-QC-B028 NC34SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 117  %REC 
225-27B-QC-B028 NC34SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 163 & %REC 
225-27B-QC-B028 NC34SDG007 Dibromo-octafluoro-biphenyl 99  %REC 
225-27B-QC-B030 NC34SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
225-27B-QC-B030 NC34SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 113  %REC 
225-27B-QC-B030 NC34SDG010 Dibromo-octafluoro-biphenyl 71  %REC 
225-27B-QC-B031 NC34SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 101  %REC 
225-27B-QC-B031 NC34SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 142 & %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
225-27B-QC-B031 NC34SDG012 Dibromo-octafluoro-biphenyl 93  %REC 
225-27B-QC-B032 NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
225-27B-QC-B032 NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 149 & %REC 
225-27B-QC-B032 NC34SDG013 Dibromo-octafluoro-biphenyl 74  %REC 
225-27B-QC-B033 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
225-27B-QC-B033 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 123  %REC 
225-27B-QC-B033 CSC81SDG001 Dibromo-octafluoro-biphenyl 69  %REC 
225-27B-QC-B034 CSC81SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 47  %REC 
225-27B-QC-B034 CSC81SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 59  %REC 
225-27B-QC-B034 CSC81SDG006 Dibromo-octafluoro-biphenyl 47  %REC 
225-27B-QC-B035 CSC81SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
225-27B-QC-B035 CSC81SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
225-27B-QC-B035 CSC81SDG011 Dibromo-octafluoro-biphenyl 61  %REC 
225-27B-SRM-01 NC22SDG052 103 - 2,2',4,5',6-Pentachlorobiphenyl 111  %REC 
225-27B-SRM-01 NC22SDG052 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 114  %REC 
225-27B-SRM-01 NC22SDG052 Dibromo-octafluoro-biphenyl 114  %REC 
225-27B-SRM-02 NC22SDG052 103 - 2,2',4,5',6-Pentachlorobiphenyl 114  %REC 
225-27B-SRM-02 NC22SDG052 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 111  %REC 
225-27B-SRM-02 NC22SDG052 Dibromo-octafluoro-biphenyl 119  %REC 
236-99A-S2 CSC81SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
236-99A-S2 CSC81SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 211 & %REC 
236-99A-S2 CSC81SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
236-99A-S2 CSC81SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 113  %REC 
236-99A-S2 CSC81SDG002 Dibromo-octafluoro-biphenyl 0 & %REC 
236-99A-S2 CSC81SDG002 Dibromo-octafluoro-biphenyl 98  %REC 
236-99A-S2-B22 NC34SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 144 & %REC 
236-99A-S2-B22 NC34SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 131 & %REC 
236-99A-S2-B22 NC34SDG009 Dibromo-octafluoro-biphenyl 82  %REC 
236-99A-S2-B32 NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 110  %REC 
236-99A-S2-B32 NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 105  %REC 
236-99A-S2-B32 NC34SDG013 Dibromo-octafluoro-biphenyl 68  %REC 
236-99A-S2-T11 NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 119  %REC 
236-99A-S2-T11 NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 123  %REC 
236-99A-S2-T11 NC34SDG004 Dibromo-octafluoro-biphenyl 78  %REC 
236-99A-S2-T14 NC34SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 198 & %REC 
236-99A-S2-T14 NC34SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 103  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
236-99A-S2-T14 NC34SDG008 Dibromo-octafluoro-biphenyl 64  %REC 
236-99A-S2-T21 NC34SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 212 & %REC 
236-99A-S2-T21 NC34SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 144 & %REC 
236-99A-S2-T21 NC34SDG010 Dibromo-octafluoro-biphenyl 71  %REC 
236-99A-S2-T22 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 102  %REC 
236-99A-S2-T22 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 
236-99A-S2-T22 CSC81SDG001 Dibromo-octafluoro-biphenyl 60  %REC 
236-99A-S2-T7 NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
236-99A-S2-T7 NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 132 & %REC 
236-99A-S2-T7 NC28SDG023 Dibromo-octafluoro-biphenyl 58  %REC 
236-99A-S2-T8d NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
236-99A-S2-T8d NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 162 & %REC 
236-99A-S2-T8d NC34SDG001 Dibromo-octafluoro-biphenyl 65  %REC 
236-99A-S2-T9 NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 105  %REC 
236-99A-S2-T9 NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 152 & %REC 
236-99A-S2-T9 NC34SDG001 Dibromo-octafluoro-biphenyl 81  %REC 
236-99A-S3-T1 CSC81SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
236-99A-S3-T1 CSC81SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 83  %REC 
236-99A-S3-T1 CSC81SDG008 Dibromo-octafluoro-biphenyl 75  %REC 
236-99A-S3-T11 CSC81SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
236-99A-S3-T11 CSC81SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 83  %REC 
236-99A-S3-T11 CSC81SDG010 Dibromo-octafluoro-biphenyl 76  %REC 
236-99A-S3-T13 CSC81SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
236-99A-S3-T13 CSC81SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 88  %REC 
236-99A-S3-T13 CSC81SDG011 Dibromo-octafluoro-biphenyl 68  %REC 
236-99A-S3-T15 CSC81SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 62  %REC 
236-99A-S3-T15 CSC81SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 69  %REC 
236-99A-S3-T15 CSC81SDG012 Dibromo-octafluoro-biphenyl 51  %REC 
236-99A-S3-T3 CSC81SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
236-99A-S3-T3 CSC81SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 96  %REC 
236-99A-S3-T3 CSC81SDG008 Dibromo-octafluoro-biphenyl 82  %REC 
236-99A-S3-T5 CSC81SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
236-99A-S3-T5 CSC81SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 76  %REC 
236-99A-S3-T5 CSC81SDG008 Dibromo-octafluoro-biphenyl 77  %REC 
236-99A-S3-T7 CSC81SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 68  %REC 
236-99A-S3-T7 CSC81SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 70  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
236-99A-S3-T7 CSC81SDG009 Dibromo-octafluoro-biphenyl 68  %REC 
236-99A-S3-T9 CSC81SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
236-99A-S3-T9 CSC81SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 74  %REC 
236-99A-S3-T9 CSC81SDG009 Dibromo-octafluoro-biphenyl 68  %REC 
236-99A-S-B1 NC28SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 107  %REC 
236-99A-S-B1 NC28SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 133 & %REC 
236-99A-S-B1 NC28SDG020 Dibromo-octafluoro-biphenyl 89  %REC 
236-99A-S-T1 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 62  %REC 
236-99A-S-T1 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
236-99A-S-T1 NC28SDG019 Dibromo-octafluoro-biphenyl 28 & %REC 
236-99A-S-T11 NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
236-99A-S-T11 NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 128 & %REC 
236-99A-S-T11 NC28SDG023 Dibromo-octafluoro-biphenyl 74  %REC 
236-99A-S-T3 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
236-99A-S-T3 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 98  %REC 
236-99A-S-T3 NC28SDG019 Dibromo-octafluoro-biphenyl 36 & %REC 
236-99A-S-T5 NC28SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 190 &I %REC 
236-99A-S-T5 NC28SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 142 &I %REC 
236-99A-S-T5 NC28SDG020 Dibromo-octafluoro-biphenyl 77  %REC 
236-99A-S-T9 NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 100  %REC 
236-99A-S-T9 NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 134 & %REC 
236-99A-S-T9 NC28SDG023 Dibromo-octafluoro-biphenyl 59  %REC 
5-110-0-E-4B NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 54  %REC 
5-110-0-E-4B NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 62  %REC 
5-110-0-E-4B NC34SDG006 Dibromo-octafluoro-biphenyl 51  %REC 
5-110-0-E-4B-B13 NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
5-110-0-E-4B-B13 NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 150 & %REC 
5-110-0-E-4B-B13 NC22SDG015 Dibromo-octafluoro-biphenyl 92  %REC 
5-110-0-E-4B-B67 NC34SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 99  %REC 
5-110-0-E-4B-B67 NC34SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 114  %REC 
5-110-0-E-4B-B67 NC34SDG003 Dibromo-octafluoro-biphenyl 89  %REC 
5-110-0-E-4B-T1 NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
5-110-0-E-4B-T1 NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 122  %REC 
5-110-0-E-4B-T1 NC22SDG002 Dibromo-octafluoro-biphenyl 87  %REC 
5-110-0-E-4B-T11 NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 105  %REC 
5-110-0-E-4B-T11 NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 128 & %REC 











 



 
 



C-96



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
5-110-0-E-4B-T11 NC22SDG002 Dibromo-octafluoro-biphenyl 95  %REC 
5-110-0-E-4B-T13 NC22SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 102  %REC 
5-110-0-E-4B-T13 NC22SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 134 & %REC 
5-110-0-E-4B-T13 NC22SDG003 Dibromo-octafluoro-biphenyl 77  %REC 
5-110-0-E-4B-T16 NC22SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
5-110-0-E-4B-T16 NC22SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 117  %REC 
5-110-0-E-4B-T16 NC22SDG005 Dibromo-octafluoro-biphenyl 78  %REC 
5-110-0-E-4B-T18 NC22SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 104  %REC 
5-110-0-E-4B-T18 NC22SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 
5-110-0-E-4B-T18 NC22SDG008 Dibromo-octafluoro-biphenyl 94  %REC 
5-110-0-E-4B-T23 NC22SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
5-110-0-E-4B-T23 NC22SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 123  %REC 
5-110-0-E-4B-T23 NC22SDG012 Dibromo-octafluoro-biphenyl 88  %REC 
5-110-0-E-4B-T25 NC22SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
5-110-0-E-4B-T25 NC22SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
5-110-0-E-4B-T25 NC22SDG017 Dibromo-octafluoro-biphenyl 71  %REC 
5-110-0-E-4B-T28 NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
5-110-0-E-4B-T28 NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 146 & %REC 
5-110-0-E-4B-T28 NC22SDG022 Dibromo-octafluoro-biphenyl 75  %REC 
5-110-0-E-4B-T31 NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
5-110-0-E-4B-T31 NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 132 & %REC 
5-110-0-E-4B-T31 NC22SDG026 Dibromo-octafluoro-biphenyl 88  %REC 
5-110-0-E-4B-T35 NC28SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
5-110-0-E-4B-T35 NC28SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 117  %REC 
5-110-0-E-4B-T35 NC28SDG004 Dibromo-octafluoro-biphenyl 59  %REC 
5-110-0-E-4B-T38 NC28SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
5-110-0-E-4B-T38 NC28SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 103  %REC 
5-110-0-E-4B-T38 NC28SDG009 Dibromo-octafluoro-biphenyl 60  %REC 
5-110-0-E-4B-T41 NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 67  %REC 
5-110-0-E-4B-T41 NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 117  %REC 
5-110-0-E-4B-T41 NC28SDG011 Dibromo-octafluoro-biphenyl 53  %REC 
5-110-0-E-4B-T44 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 29 & %REC 
5-110-0-E-4B-T44 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
5-110-0-E-4B-T44 NC28SDG016 Dibromo-octafluoro-biphenyl 17 & %REC 
5-110-0-E-4B-T46 NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
5-110-0-E-4B-T46 NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 100  %REC 











 



 
 



C-97



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
5-110-0-E-4B-T46 NC28SDG022 Dibromo-octafluoro-biphenyl 82  %REC 
5-110-0-E-4B-T48 NC34SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
5-110-0-E-4B-T48 NC34SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 103  %REC 
5-110-0-E-4B-T48 NC34SDG003 Dibromo-octafluoro-biphenyl 67  %REC 
5-110-0-E-4C NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
5-110-0-E-4C NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
5-110-0-E-4C NC22SDG053 Dibromo-octafluoro-biphenyl 77  %REC 
5-110-0-E-4E NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 52  %REC 
5-110-0-E-4E NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
5-110-0-E-4E NC34SDG006 Dibromo-octafluoro-biphenyl 45  %REC 
5-110-0-E-4E-B58 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
5-110-0-E-4E-B58 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
5-110-0-E-4E-B58 NC34SDG005 Dibromo-octafluoro-biphenyl 73  %REC 
5-110-0-E-4E-T1 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
5-110-0-E-4E-T1 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 119  %REC 
5-110-0-E-4E-T1 NC22SDG013 Dibromo-octafluoro-biphenyl 39 & %REC 
5-110-0-E-4E-T11 NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
5-110-0-E-4E-T11 NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 136 & %REC 
5-110-0-E-4E-T11 NC22SDG016 Dibromo-octafluoro-biphenyl 73  %REC 
5-110-0-E-4E-T13 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
5-110-0-E-4E-T13 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
5-110-0-E-4E-T13 NC22SDG019 Dibromo-octafluoro-biphenyl 61  %REC 
5-110-0-E-4E-T15 NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
5-110-0-E-4E-T15 NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 156 & %REC 
5-110-0-E-4E-T15 NC22SDG022 Dibromo-octafluoro-biphenyl 77  %REC 
5-110-0-E-4E-T18 NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 103  %REC 
5-110-0-E-4E-T18 NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 164 & %REC 
5-110-0-E-4E-T18 NC22SDG026 Dibromo-octafluoro-biphenyl 84  %REC 
5-110-0-E-4E-T21 NC28SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 106  %REC 
5-110-0-E-4E-T21 NC28SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 135 & %REC 
5-110-0-E-4E-T21 NC28SDG003 Dibromo-octafluoro-biphenyl 98  %REC 
5-110-0-E-4E-T24 NC28SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
5-110-0-E-4E-T24 NC28SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 118  %REC 
5-110-0-E-4E-T24 NC28SDG008 Dibromo-octafluoro-biphenyl 66  %REC 
5-110-0-E-4E-T27 NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
5-110-0-E-4E-T27 NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 118  %REC 











 



 
 



C-98



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
5-110-0-E-4E-T27 NC28SDG011 Dibromo-octafluoro-biphenyl 55  %REC 
5-110-0-E-4E-T31 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 33 & %REC 
5-110-0-E-4E-T31 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 106  %REC 
5-110-0-E-4E-T31 NC28SDG016 Dibromo-octafluoro-biphenyl 20 & %REC 
5-110-0-E-4E-T32 NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
5-110-0-E-4E-T32 NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 118  %REC 
5-110-0-E-4E-T32 NC28SDG022 Dibromo-octafluoro-biphenyl 84  %REC 
5-110-0-E-4E-T34 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 68  %REC 
5-110-0-E-4E-T34 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 80  %REC 
5-110-0-E-4E-T34 NC34SDG005 Dibromo-octafluoro-biphenyl 61  %REC 
5-110-0-E-4E-T6 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
5-110-0-E-4E-T6 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 133 & %REC 
5-110-0-E-4E-T6 NC22SDG013 Dibromo-octafluoro-biphenyl 59  %REC 
5-110-0-E-4E-T9 NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
5-110-0-E-4E-T9 NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 109  %REC 
5-110-0-E-4E-T9 NC22SDG014 Dibromo-octafluoro-biphenyl 78  %REC 
AP-LT-PB CSC81SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
AP-LT-PB CSC81SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
AP-LT-PB CSC81SDG013 Dibromo-octafluoro-biphenyl 70  %REC 
AP-LT-PB-B32 NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
AP-LT-PB-B32 NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 114  %REC 
AP-LT-PB-B32 NC34SDG013 Dibromo-octafluoro-biphenyl 64  %REC 
AP-LT-PB-B61 CSC81SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 77  %REC 
AP-LT-PB-B61 CSC81SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 75  %REC 
AP-LT-PB-B61 CSC81SDG012 Dibromo-octafluoro-biphenyl 77  %REC 
AP-LT-PB-T1 NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 113  %REC 
AP-LT-PB-T1 NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 163 & %REC 
AP-LT-PB-T1 NC28SDG023 Dibromo-octafluoro-biphenyl 75  %REC 
AP-LT-PB-T10 NC34SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 69  %REC 
AP-LT-PB-T10 NC34SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 108  %REC 
AP-LT-PB-T10 NC34SDG012 Dibromo-octafluoro-biphenyl 54  %REC 
AP-LT-PB-T12 CSC81SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 46  %REC 
AP-LT-PB-T12 CSC81SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 60  %REC 
AP-LT-PB-T12 CSC81SDG006 Dibromo-octafluoro-biphenyl 42 & %REC 
AP-LT-PB-T14 CSC81SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 66  %REC 
AP-LT-PB-T14 CSC81SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 76  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
AP-LT-PB-T14 CSC81SDG010 Dibromo-octafluoro-biphenyl 65  %REC 
AP-LT-PB-T16 CSC81SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
AP-LT-PB-T16 CSC81SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 75  %REC 
AP-LT-PB-T16 CSC81SDG012 Dibromo-octafluoro-biphenyl 60  %REC 
AP-LT-PB-T3 NC34SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 64  %REC 
AP-LT-PB-T3 NC34SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 126 & %REC 
AP-LT-PB-T3 NC34SDG007 Dibromo-octafluoro-biphenyl 49  %REC 
AP-LT-PB-T5 NC34SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
AP-LT-PB-T5 NC34SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 113  %REC 
AP-LT-PB-T5 NC34SDG008 Dibromo-octafluoro-biphenyl 66  %REC 
AP-RT-PB NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 100  %REC 
AP-RT-PB NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 104 E %REC 
AP-RT-PB NC34SDG006 Dibromo-octafluoro-biphenyl 81  %REC 
AP-RT-PB-B27 NC34SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 99  %REC 
AP-RT-PB-B27 NC34SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
AP-RT-PB-B27 NC34SDG003 Dibromo-octafluoro-biphenyl 82  %REC 
AP-RT-PB-T09 NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
AP-RT-PB-T09 NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 141 & %REC 
AP-RT-PB-T09 NC28SDG013 Dibromo-octafluoro-biphenyl 71  %REC 
AP-RT-PB-T1 NC28SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
AP-RT-PB-T1 NC28SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 104  %REC 
AP-RT-PB-T1 NC28SDG001 Dibromo-octafluoro-biphenyl 80  %REC 
AP-RT-PB-T11 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 46  %REC 
AP-RT-PB-T11 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
AP-RT-PB-T11 NC28SDG019 Dibromo-octafluoro-biphenyl 22 & %REC 
AP-RT-PB-T4 NC28SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
AP-RT-PB-T4 NC28SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 133 & %REC 
AP-RT-PB-T4 NC28SDG005 Dibromo-octafluoro-biphenyl 60  %REC 
AP-RT-PB-T6 NC28SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 64  %REC 
AP-RT-PB-T6 NC28SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 74  %REC 
AP-RT-PB-T6 NC28SDG010 Dibromo-octafluoro-biphenyl 45  %REC 
Blank Spike CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
Blank Spike CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 107  %REC 
Blank Spike CSC81SDG001 Dibromo-octafluoro-biphenyl 61  %REC 
Blank Spike CSC81SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 47  %REC 
Blank Spike CSC81SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 56  %REC 











 



 
 



C-100



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike CSC81SDG002 Dibromo-octafluoro-biphenyl 28 & %REC 
Blank Spike CSC81SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Blank Spike CSC81SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 111  %REC 
Blank Spike CSC81SDG004 Dibromo-octafluoro-biphenyl 69  %REC 
Blank Spike CSC81SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 47  %REC 
Blank Spike CSC81SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 55  %REC 
Blank Spike CSC81SDG005 Dibromo-octafluoro-biphenyl 49  %REC 
Blank Spike CSC81SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 37 & %REC 
Blank Spike CSC81SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 53  %REC 
Blank Spike CSC81SDG006 Dibromo-octafluoro-biphenyl 34 & %REC 
Blank Spike CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 58  %REC 
Blank Spike CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 57  %REC 
Blank Spike CSC81SDG007 Dibromo-octafluoro-biphenyl 55  %REC 
Blank Spike CSC81SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 62  %REC 
Blank Spike CSC81SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 72  %REC 
Blank Spike CSC81SDG008 Dibromo-octafluoro-biphenyl 61  %REC 
Blank Spike CSC81SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 61  %REC 
Blank Spike CSC81SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 72  %REC 
Blank Spike CSC81SDG009 Dibromo-octafluoro-biphenyl 57  %REC 
Blank Spike CSC81SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
Blank Spike CSC81SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Blank Spike CSC81SDG010 Dibromo-octafluoro-biphenyl 64  %REC 
Blank Spike CSC81SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
Blank Spike CSC81SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Blank Spike CSC81SDG011 Dibromo-octafluoro-biphenyl 66  %REC 
Blank Spike CSC81SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 69  %REC 
Blank Spike CSC81SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 77  %REC 
Blank Spike CSC81SDG012 Dibromo-octafluoro-biphenyl 55  %REC 
Blank Spike CSC81SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
Blank Spike CSC81SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81  %REC 
Blank Spike CSC81SDG013 Dibromo-octafluoro-biphenyl 62  %REC 
Blank Spike CSC81SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
Blank Spike CSC81SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Blank Spike CSC81SDG014 Dibromo-octafluoro-biphenyl 64  %REC 
Blank Spike NC22SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
Blank Spike NC22SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 











 



 
 



C-101



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike NC22SDG001 Dibromo-octafluoro-biphenyl 59  %REC 
Blank Spike NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
Blank Spike NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
Blank Spike NC22SDG002 Dibromo-octafluoro-biphenyl 78  %REC 
Blank Spike NC22SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
Blank Spike NC22SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 102  %REC 
Blank Spike NC22SDG003 Dibromo-octafluoro-biphenyl 65  %REC 
Blank Spike NC22SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
Blank Spike NC22SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 102  %REC 
Blank Spike NC22SDG004 Dibromo-octafluoro-biphenyl 70  %REC 
Blank Spike NC22SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
Blank Spike NC22SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 99  %REC 
Blank Spike NC22SDG005 Dibromo-octafluoro-biphenyl 69  %REC 
Blank Spike NC22SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
Blank Spike NC22SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Blank Spike NC22SDG006 Dibromo-octafluoro-biphenyl 65  %REC 
Blank Spike NC22SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
Blank Spike NC22SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
Blank Spike NC22SDG007 Dibromo-octafluoro-biphenyl 61  %REC 
Blank Spike NC22SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Blank Spike NC22SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
Blank Spike NC22SDG008 Dibromo-octafluoro-biphenyl 68  %REC 
Blank Spike NC22SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
Blank Spike NC22SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
Blank Spike NC22SDG009 Dibromo-octafluoro-biphenyl 75  %REC 
Blank Spike NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 68  %REC 
Blank Spike NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Blank Spike NC22SDG010 Dibromo-octafluoro-biphenyl 58  %REC 
Blank Spike NC22SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
Blank Spike NC22SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Blank Spike NC22SDG011 Dibromo-octafluoro-biphenyl 59  %REC 
Blank Spike NC22SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
Blank Spike NC22SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 75  %REC 
Blank Spike NC22SDG012 Dibromo-octafluoro-biphenyl 64  %REC 
Blank Spike NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
Blank Spike NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 104  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike NC22SDG013 Dibromo-octafluoro-biphenyl 67  %REC 
Blank Spike NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
Blank Spike NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 98  %REC 
Blank Spike NC22SDG014 Dibromo-octafluoro-biphenyl 67  %REC 
Blank Spike NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
Blank Spike NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Blank Spike NC22SDG015 Dibromo-octafluoro-biphenyl 72  %REC 
Blank Spike NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
Blank Spike NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Blank Spike NC22SDG016 Dibromo-octafluoro-biphenyl 69  %REC 
Blank Spike NC22SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
Blank Spike NC22SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 80  %REC 
Blank Spike NC22SDG017 Dibromo-octafluoro-biphenyl 65  %REC 
Blank Spike NC22SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
Blank Spike NC22SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Blank Spike NC22SDG018 Dibromo-octafluoro-biphenyl 69  %REC 
Blank Spike NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
Blank Spike NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Blank Spike NC22SDG019 Dibromo-octafluoro-biphenyl 66  %REC 
Blank Spike NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
Blank Spike NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 79  %REC 
Blank Spike NC22SDG020 Dibromo-octafluoro-biphenyl 69  %REC 
Blank Spike NC22SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
Blank Spike NC22SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 76  %REC 
Blank Spike NC22SDG021 Dibromo-octafluoro-biphenyl 48  %REC 
Blank Spike NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
Blank Spike NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
Blank Spike NC22SDG022 Dibromo-octafluoro-biphenyl 67  %REC 
Blank Spike NC22SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 50  %REC 
Blank Spike NC22SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 65  %REC 
Blank Spike NC22SDG023 Dibromo-octafluoro-biphenyl 29 & %REC 
Blank Spike NC22SDG024 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
Blank Spike NC22SDG024 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
Blank Spike NC22SDG024 Dibromo-octafluoro-biphenyl 47  %REC 
Blank Spike NC22SDG025 103 - 2,2',4,5',6-Pentachlorobiphenyl 104  %REC 
Blank Spike NC22SDG025 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 133 & %REC 











 



 
 



C-103



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike NC22SDG025 Dibromo-octafluoro-biphenyl 76  %REC 
Blank Spike NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 106  %REC 
Blank Spike NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
Blank Spike NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 133 & %REC 
Blank Spike NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
Blank Spike NC22SDG026 Dibromo-octafluoro-biphenyl 56  %REC 
Blank Spike NC22SDG026 Dibromo-octafluoro-biphenyl 86  %REC 
Blank Spike NC22SDG050 103 - 2,2',4,5',6-Pentachlorobiphenyl 55  %REC 
Blank Spike NC22SDG050 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 57  %REC 
Blank Spike NC22SDG050 Dibromo-octafluoro-biphenyl 49  %REC 
Blank Spike NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 55  %REC 
Blank Spike NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 63  %REC 
Blank Spike NC22SDG053 Dibromo-octafluoro-biphenyl 57  %REC 
Blank Spike NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
Blank Spike NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
Blank Spike NC22SDG054 Dibromo-octafluoro-biphenyl 78  %REC 
Blank Spike NC28SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Blank Spike NC28SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 108  %REC 
Blank Spike NC28SDG001 Dibromo-octafluoro-biphenyl 71  %REC 
Blank Spike NC28SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 53  %REC 
Blank Spike NC28SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 48  %REC 
Blank Spike NC28SDG002 Dibromo-octafluoro-biphenyl 47  %REC 
Blank Spike NC28SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 107  %REC 
Blank Spike NC28SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 119  %REC 
Blank Spike NC28SDG003 Dibromo-octafluoro-biphenyl 82  %REC 
Blank Spike NC28SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
Blank Spike NC28SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 98  %REC 
Blank Spike NC28SDG004 Dibromo-octafluoro-biphenyl 67  %REC 
Blank Spike NC28SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
Blank Spike NC28SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 
Blank Spike NC28SDG005 Dibromo-octafluoro-biphenyl 59  %REC 
Blank Spike NC28SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
Blank Spike NC28SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 80  %REC 
Blank Spike NC28SDG006 Dibromo-octafluoro-biphenyl 60  %REC 
Blank Spike NC28SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 77  %REC 
Blank Spike NC28SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 











 



 
 



C-104



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike NC28SDG007 Dibromo-octafluoro-biphenyl 56  %REC 
Blank Spike NC28SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
Blank Spike NC28SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
Blank Spike NC28SDG008 Dibromo-octafluoro-biphenyl 60  %REC 
Blank Spike NC28SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 65  %REC 
Blank Spike NC28SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 76  %REC 
Blank Spike NC28SDG009 Dibromo-octafluoro-biphenyl 56  %REC 
Blank Spike NC28SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 56  %REC 
Blank Spike NC28SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 60  %REC 
Blank Spike NC28SDG010 Dibromo-octafluoro-biphenyl 45  %REC 
Blank Spike NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Blank Spike NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
Blank Spike NC28SDG011 Dibromo-octafluoro-biphenyl 53  %REC 
Blank Spike NC28SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
Blank Spike NC28SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 122  %REC 
Blank Spike NC28SDG012 Dibromo-octafluoro-biphenyl 81  %REC 
Blank Spike NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 60  %REC 
Blank Spike NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Blank Spike NC28SDG013 Dibromo-octafluoro-biphenyl 55  %REC 
Blank Spike NC28SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 61  %REC 
Blank Spike NC28SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 74  %REC 
Blank Spike NC28SDG014 Dibromo-octafluoro-biphenyl 56  %REC 
Blank Spike NC28SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
Blank Spike NC28SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 106  %REC 
Blank Spike NC28SDG015 Dibromo-octafluoro-biphenyl 78  %REC 
Blank Spike NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 51  %REC 
Blank Spike NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 61  %REC 
Blank Spike NC28SDG016 Dibromo-octafluoro-biphenyl 42 & %REC 
Blank Spike NC28SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 62  %REC 
Blank Spike NC28SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 64  %REC 
Blank Spike NC28SDG017 Dibromo-octafluoro-biphenyl 58  %REC 
Blank Spike NC28SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Blank Spike NC28SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 98  %REC 
Blank Spike NC28SDG018 Dibromo-octafluoro-biphenyl 82  %REC 
Blank Spike NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
Blank Spike NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 79  %REC 











 



 
 



C-105



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike NC28SDG019 Dibromo-octafluoro-biphenyl 53  %REC 
Blank Spike NC28SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
Blank Spike NC28SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 64  %REC 
Blank Spike NC28SDG020 Dibromo-octafluoro-biphenyl 60  %REC 
Blank Spike NC28SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 55  %REC 
Blank Spike NC28SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Blank Spike NC28SDG021 Dibromo-octafluoro-biphenyl 47  %REC 
Blank Spike NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
Blank Spike NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 68  %REC 
Blank Spike NC28SDG022 Dibromo-octafluoro-biphenyl 70  %REC 
Blank Spike NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
Blank Spike NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Blank Spike NC28SDG023 Dibromo-octafluoro-biphenyl 73  %REC 
Blank Spike NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
Blank Spike NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 110  %REC 
Blank Spike NC34SDG001 Dibromo-octafluoro-biphenyl 66  %REC 
Blank Spike NC34SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Blank Spike NC34SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
Blank Spike NC34SDG002 Dibromo-octafluoro-biphenyl 75  %REC 
Blank Spike NC34SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
Blank Spike NC34SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
Blank Spike NC34SDG003 Dibromo-octafluoro-biphenyl 75  %REC 
Blank Spike NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
Blank Spike NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 98  %REC 
Blank Spike NC34SDG004 Dibromo-octafluoro-biphenyl 78  %REC 
Blank Spike NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 60  %REC 
Blank Spike NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 69  %REC 
Blank Spike NC34SDG005 Dibromo-octafluoro-biphenyl 52  %REC 
Blank Spike NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
Blank Spike NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Blank Spike NC34SDG006 Dibromo-octafluoro-biphenyl 63  %REC 
Blank Spike NC34SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
Blank Spike NC34SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 110  %REC 
Blank Spike NC34SDG007 Dibromo-octafluoro-biphenyl 52  %REC 
Blank Spike NC34SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
Blank Spike NC34SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 











 



 
 



C-106



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike NC34SDG008 Dibromo-octafluoro-biphenyl 67  %REC 
Blank Spike NC34SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
Blank Spike NC34SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 106  %REC 
Blank Spike NC34SDG009 Dibromo-octafluoro-biphenyl 71  %REC 
Blank Spike NC34SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
Blank Spike NC34SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 98  %REC 
Blank Spike NC34SDG010 Dibromo-octafluoro-biphenyl 63  %REC 
Blank Spike NC34SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Blank Spike NC34SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
Blank Spike NC34SDG011 Dibromo-octafluoro-biphenyl 69  %REC 
Blank Spike NC34SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
Blank Spike NC34SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
Blank Spike NC34SDG012 Dibromo-octafluoro-biphenyl 75  %REC 
Blank Spike NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 55  %REC 
Blank Spike NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 76  %REC 
Blank Spike NC34SDG013 Dibromo-octafluoro-biphenyl 48  %REC 
Blank Spike Duplicate CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
Blank Spike Duplicate CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 98  %REC 
Blank Spike Duplicate CSC81SDG001 Dibromo-octafluoro-biphenyl 63  %REC 
Blank Spike Duplicate CSC81SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 52  %REC 
Blank Spike Duplicate CSC81SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 53  %REC 
Blank Spike Duplicate CSC81SDG002 Dibromo-octafluoro-biphenyl 45  %REC 
Blank Spike Duplicate CSC81SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
Blank Spike Duplicate CSC81SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 108  %REC 
Blank Spike Duplicate CSC81SDG004 Dibromo-octafluoro-biphenyl 73  %REC 
Blank Spike Duplicate CSC81SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 58  %REC 
Blank Spike Duplicate CSC81SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 60  %REC 
Blank Spike Duplicate CSC81SDG005 Dibromo-octafluoro-biphenyl 49  %REC 
Blank Spike Duplicate CSC81SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 37 & %REC 
Blank Spike Duplicate CSC81SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 54  %REC 
Blank Spike Duplicate CSC81SDG006 Dibromo-octafluoro-biphenyl 48  %REC 
Blank Spike Duplicate CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 54  %REC 
Blank Spike Duplicate CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 51  %REC 
Blank Spike Duplicate CSC81SDG007 Dibromo-octafluoro-biphenyl 50  %REC 
Blank Spike Duplicate CSC81SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 64  %REC 
Blank Spike Duplicate CSC81SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 75  %REC 











 



 
 



C-107



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike Duplicate CSC81SDG008 Dibromo-octafluoro-biphenyl 62  %REC 
Blank Spike Duplicate CSC81SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 62  %REC 
Blank Spike Duplicate CSC81SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 73  %REC 
Blank Spike Duplicate CSC81SDG009 Dibromo-octafluoro-biphenyl 60  %REC 
Blank Spike Duplicate CSC81SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 61  %REC 
Blank Spike Duplicate CSC81SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 76  %REC 
Blank Spike Duplicate CSC81SDG010 Dibromo-octafluoro-biphenyl 59  %REC 
Blank Spike Duplicate CSC81SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
Blank Spike Duplicate CSC81SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Blank Spike Duplicate CSC81SDG011 Dibromo-octafluoro-biphenyl 68  %REC 
Blank Spike Duplicate CSC81SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
Blank Spike Duplicate CSC81SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 71  %REC 
Blank Spike Duplicate CSC81SDG012 Dibromo-octafluoro-biphenyl 67  %REC 
Blank Spike Duplicate CSC81SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
Blank Spike Duplicate CSC81SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 83  %REC 
Blank Spike Duplicate CSC81SDG013 Dibromo-octafluoro-biphenyl 66  %REC 
Blank Spike Duplicate CSC81SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
Blank Spike Duplicate CSC81SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 78  %REC 
Blank Spike Duplicate CSC81SDG014 Dibromo-octafluoro-biphenyl 64  %REC 
Blank Spike Duplicate NC22SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
Blank Spike Duplicate NC22SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
Blank Spike Duplicate NC22SDG001 Dibromo-octafluoro-biphenyl 61  %REC 
Blank Spike Duplicate NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Blank Spike Duplicate NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
Blank Spike Duplicate NC22SDG002 Dibromo-octafluoro-biphenyl 72  %REC 
Blank Spike Duplicate NC22SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Blank Spike Duplicate NC22SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 104  %REC 
Blank Spike Duplicate NC22SDG003 Dibromo-octafluoro-biphenyl 67  %REC 
Blank Spike Duplicate NC22SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
Blank Spike Duplicate NC22SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
Blank Spike Duplicate NC22SDG004 Dibromo-octafluoro-biphenyl 65  %REC 
Blank Spike Duplicate NC22SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Blank Spike Duplicate NC22SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 107  %REC 
Blank Spike Duplicate NC22SDG005 Dibromo-octafluoro-biphenyl 80  %REC 
Blank Spike Duplicate NC22SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
Blank Spike Duplicate NC22SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 











 



 
 



C-108



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike Duplicate NC22SDG006 Dibromo-octafluoro-biphenyl 69  %REC 
Blank Spike Duplicate NC22SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
Blank Spike Duplicate NC22SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 80  %REC 
Blank Spike Duplicate NC22SDG007 Dibromo-octafluoro-biphenyl 60  %REC 
Blank Spike Duplicate NC22SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
Blank Spike Duplicate NC22SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Blank Spike Duplicate NC22SDG008 Dibromo-octafluoro-biphenyl 64  %REC 
Blank Spike Duplicate NC22SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
Blank Spike Duplicate NC22SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Blank Spike Duplicate NC22SDG009 Dibromo-octafluoro-biphenyl 72  %REC 
Blank Spike Duplicate NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 68  %REC 
Blank Spike Duplicate NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Blank Spike Duplicate NC22SDG010 Dibromo-octafluoro-biphenyl 53  %REC 
Blank Spike Duplicate NC22SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
Blank Spike Duplicate NC22SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
Blank Spike Duplicate NC22SDG011 Dibromo-octafluoro-biphenyl 69  %REC 
Blank Spike Duplicate NC22SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
Blank Spike Duplicate NC22SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 77  %REC 
Blank Spike Duplicate NC22SDG012 Dibromo-octafluoro-biphenyl 72  %REC 
Blank Spike Duplicate NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
Blank Spike Duplicate NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 99  %REC 
Blank Spike Duplicate NC22SDG013 Dibromo-octafluoro-biphenyl 59  %REC 
Blank Spike Duplicate NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
Blank Spike Duplicate NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 105  %REC 
Blank Spike Duplicate NC22SDG014 Dibromo-octafluoro-biphenyl 79  %REC 
Blank Spike Duplicate NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
Blank Spike Duplicate NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
Blank Spike Duplicate NC22SDG015 Dibromo-octafluoro-biphenyl 80  %REC 
Blank Spike Duplicate NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
Blank Spike Duplicate NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 100  %REC 
Blank Spike Duplicate NC22SDG016 Dibromo-octafluoro-biphenyl 59  %REC 
Blank Spike Duplicate NC22SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
Blank Spike Duplicate NC22SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Blank Spike Duplicate NC22SDG017 Dibromo-octafluoro-biphenyl 73  %REC 
Blank Spike Duplicate NC22SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 67  %REC 
Blank Spike Duplicate NC22SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike Duplicate NC22SDG018 Dibromo-octafluoro-biphenyl 54  %REC 
Blank Spike Duplicate NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
Blank Spike Duplicate NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Blank Spike Duplicate NC22SDG019 Dibromo-octafluoro-biphenyl 64  %REC 
Blank Spike Duplicate NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
Blank Spike Duplicate NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 79  %REC 
Blank Spike Duplicate NC22SDG020 Dibromo-octafluoro-biphenyl 62  %REC 
Blank Spike Duplicate NC22SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
Blank Spike Duplicate NC22SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 121  %REC 
Blank Spike Duplicate NC22SDG021 Dibromo-octafluoro-biphenyl 53  %REC 
Blank Spike Duplicate NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 55  %REC 
Blank Spike Duplicate NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 79  %REC 
Blank Spike Duplicate NC22SDG022 Dibromo-octafluoro-biphenyl 45  %REC 
Blank Spike Duplicate NC22SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 64  %REC 
Blank Spike Duplicate NC22SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 73  %REC 
Blank Spike Duplicate NC22SDG023 Dibromo-octafluoro-biphenyl 42 & %REC 
Blank Spike Duplicate NC22SDG024 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
Blank Spike Duplicate NC22SDG024 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
Blank Spike Duplicate NC22SDG024 Dibromo-octafluoro-biphenyl 51  %REC 
Blank Spike Duplicate NC22SDG025 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
Blank Spike Duplicate NC22SDG025 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
Blank Spike Duplicate NC22SDG025 Dibromo-octafluoro-biphenyl 46  %REC 
Blank Spike Duplicate NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 104  %REC 
Blank Spike Duplicate NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
Blank Spike Duplicate NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 127 & %REC 
Blank Spike Duplicate NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 137 & %REC 
Blank Spike Duplicate NC22SDG026 Dibromo-octafluoro-biphenyl 67  %REC 
Blank Spike Duplicate NC22SDG026 Dibromo-octafluoro-biphenyl 81  %REC 
Blank Spike Duplicate NC22SDG050 103 - 2,2',4,5',6-Pentachlorobiphenyl 56  %REC 
Blank Spike Duplicate NC22SDG050 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 58  %REC 
Blank Spike Duplicate NC22SDG050 Dibromo-octafluoro-biphenyl 51  %REC 
Blank Spike Duplicate NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 59  %REC 
Blank Spike Duplicate NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 65  %REC 
Blank Spike Duplicate NC22SDG053 Dibromo-octafluoro-biphenyl 61  %REC 
Blank Spike Duplicate NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Blank Spike Duplicate NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 112  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike Duplicate NC22SDG054 Dibromo-octafluoro-biphenyl 75  %REC 
Blank Spike Duplicate NC28SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Blank Spike Duplicate NC28SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
Blank Spike Duplicate NC28SDG001 Dibromo-octafluoro-biphenyl 68  %REC 
Blank Spike Duplicate NC28SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 106  %REC 
Blank Spike Duplicate NC28SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 110  %REC 
Blank Spike Duplicate NC28SDG002 Dibromo-octafluoro-biphenyl 85  %REC 
Blank Spike Duplicate NC28SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 111  %REC 
Blank Spike Duplicate NC28SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 113  %REC 
Blank Spike Duplicate NC28SDG003 Dibromo-octafluoro-biphenyl 90  %REC 
Blank Spike Duplicate NC28SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
Blank Spike Duplicate NC28SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
Blank Spike Duplicate NC28SDG004 Dibromo-octafluoro-biphenyl 64  %REC 
Blank Spike Duplicate NC28SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
Blank Spike Duplicate NC28SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
Blank Spike Duplicate NC28SDG005 Dibromo-octafluoro-biphenyl 69  %REC 
Blank Spike Duplicate NC28SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 66  %REC 
Blank Spike Duplicate NC28SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 77  %REC 
Blank Spike Duplicate NC28SDG006 Dibromo-octafluoro-biphenyl 56  %REC 
Blank Spike Duplicate NC28SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
Blank Spike Duplicate NC28SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
Blank Spike Duplicate NC28SDG007 Dibromo-octafluoro-biphenyl 64  %REC 
Blank Spike Duplicate NC28SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Blank Spike Duplicate NC28SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
Blank Spike Duplicate NC28SDG008 Dibromo-octafluoro-biphenyl 63  %REC 
Blank Spike Duplicate NC28SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 61  %REC 
Blank Spike Duplicate NC28SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 69  %REC 
Blank Spike Duplicate NC28SDG009 Dibromo-octafluoro-biphenyl 56  %REC 
Blank Spike Duplicate NC28SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 55  %REC 
Blank Spike Duplicate NC28SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 59  %REC 
Blank Spike Duplicate NC28SDG010 Dibromo-octafluoro-biphenyl 41 & %REC 
Blank Spike Duplicate NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
Blank Spike Duplicate NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Blank Spike Duplicate NC28SDG011 Dibromo-octafluoro-biphenyl 51  %REC 
Blank Spike Duplicate NC28SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
Blank Spike Duplicate NC28SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 134 & %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike Duplicate NC28SDG012 Dibromo-octafluoro-biphenyl 79  %REC 
Blank Spike Duplicate NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 69  %REC 
Blank Spike Duplicate NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
Blank Spike Duplicate NC28SDG013 Dibromo-octafluoro-biphenyl 64  %REC 
Blank Spike Duplicate NC28SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 68  %REC 
Blank Spike Duplicate NC28SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 77  %REC 
Blank Spike Duplicate NC28SDG014 Dibromo-octafluoro-biphenyl 65  %REC 
Blank Spike Duplicate NC28SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Blank Spike Duplicate NC28SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 102  %REC 
Blank Spike Duplicate NC28SDG015 Dibromo-octafluoro-biphenyl 82  %REC 
Blank Spike Duplicate NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 48  %REC 
Blank Spike Duplicate NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 68  %REC 
Blank Spike Duplicate NC28SDG016 Dibromo-octafluoro-biphenyl 30 & %REC 
Blank Spike Duplicate NC28SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 61  %REC 
Blank Spike Duplicate NC28SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 65  %REC 
Blank Spike Duplicate NC28SDG017 Dibromo-octafluoro-biphenyl 62  %REC 
Blank Spike Duplicate NC28SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
Blank Spike Duplicate NC28SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
Blank Spike Duplicate NC28SDG018 Dibromo-octafluoro-biphenyl 63  %REC 
Blank Spike Duplicate NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
Blank Spike Duplicate NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 74  %REC 
Blank Spike Duplicate NC28SDG019 Dibromo-octafluoro-biphenyl 59  %REC 
Blank Spike Duplicate NC28SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
Blank Spike Duplicate NC28SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 83  %REC 
Blank Spike Duplicate NC28SDG020 Dibromo-octafluoro-biphenyl 65  %REC 
Blank Spike Duplicate NC28SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
Blank Spike Duplicate NC28SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Blank Spike Duplicate NC28SDG021 Dibromo-octafluoro-biphenyl 53  %REC 
Blank Spike Duplicate NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 68  %REC 
Blank Spike Duplicate NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 70  %REC 
Blank Spike Duplicate NC28SDG022 Dibromo-octafluoro-biphenyl 61  %REC 
Blank Spike Duplicate NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
Blank Spike Duplicate NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81  %REC 
Blank Spike Duplicate NC28SDG023 Dibromo-octafluoro-biphenyl 64  %REC 
Blank Spike Duplicate NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
Blank Spike Duplicate NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 98  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike Duplicate NC34SDG001 Dibromo-octafluoro-biphenyl 78  %REC 
Blank Spike Duplicate NC34SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 77  %REC 
Blank Spike Duplicate NC34SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
Blank Spike Duplicate NC34SDG002 Dibromo-octafluoro-biphenyl 67  %REC 
Blank Spike Duplicate NC34SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
Blank Spike Duplicate NC34SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Blank Spike Duplicate NC34SDG003 Dibromo-octafluoro-biphenyl 73  %REC 
Blank Spike Duplicate NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Blank Spike Duplicate NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 103  %REC 
Blank Spike Duplicate NC34SDG004 Dibromo-octafluoro-biphenyl 77  %REC 
Blank Spike Duplicate NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 67  %REC 
Blank Spike Duplicate NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 66  %REC 
Blank Spike Duplicate NC34SDG005 Dibromo-octafluoro-biphenyl 55  %REC 
Blank Spike Duplicate NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
Blank Spike Duplicate NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 78  %REC 
Blank Spike Duplicate NC34SDG006 Dibromo-octafluoro-biphenyl 61  %REC 
Blank Spike Duplicate NC34SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
Blank Spike Duplicate NC34SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 88  %REC 
Blank Spike Duplicate NC34SDG007 Dibromo-octafluoro-biphenyl 47  %REC 
Blank Spike Duplicate NC34SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
Blank Spike Duplicate NC34SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
Blank Spike Duplicate NC34SDG008 Dibromo-octafluoro-biphenyl 67  %REC 
Blank Spike Duplicate NC34SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
Blank Spike Duplicate NC34SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
Blank Spike Duplicate NC34SDG009 Dibromo-octafluoro-biphenyl 67  %REC 
Blank Spike Duplicate NC34SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Blank Spike Duplicate NC34SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Blank Spike Duplicate NC34SDG010 Dibromo-octafluoro-biphenyl 69  %REC 
Blank Spike Duplicate NC34SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
Blank Spike Duplicate NC34SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 106  %REC 
Blank Spike Duplicate NC34SDG011 Dibromo-octafluoro-biphenyl 89  %REC 
Blank Spike Duplicate NC34SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
Blank Spike Duplicate NC34SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Blank Spike Duplicate NC34SDG012 Dibromo-octafluoro-biphenyl 71  %REC 
Blank Spike Duplicate NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 69  %REC 
Blank Spike Duplicate NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Blank Spike Duplicate NC34SDG013 Dibromo-octafluoro-biphenyl 68  %REC 
CRI040300-MB-B01 NC22SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
CRI040300-MB-B01 NC22SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 121  %REC 
CRI040300-MB-B01 NC22SDG006 Dibromo-octafluoro-biphenyl 76  %REC 
CRI040300-MB-B02 NC22SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
CRI040300-MB-B02 NC22SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 123  %REC 
CRI040300-MB-B02 NC22SDG007 Dibromo-octafluoro-biphenyl 83  %REC 
CRI040300-MB-B03 NC22SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
CRI040300-MB-B03 NC22SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 110  %REC 
CRI040300-MB-B03 NC22SDG008 Dibromo-octafluoro-biphenyl 92  %REC 
CRI042500-MB-B01 NC22SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
CRI042500-MB-B01 NC22SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
CRI042500-MB-B01 NC22SDG009 Dibromo-octafluoro-biphenyl 90  %REC 
CRI042500-MB-B02 NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
CRI042500-MB-B02 NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 109  %REC 
CRI042500-MB-B02 NC22SDG010 Dibromo-octafluoro-biphenyl 73  %REC 
CRI042500-MB-B03 NC22SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
CRI042500-MB-B03 NC22SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
CRI042500-MB-B03 NC22SDG012 Dibromo-octafluoro-biphenyl 83  %REC 
CRI050200-MB-B01 NC22SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
CRI050200-MB-B01 NC22SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 131 & %REC 
CRI050200-MB-B01 NC22SDG011 Dibromo-octafluoro-biphenyl 71  %REC 
CRI052300-MB-B01 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
CRI052300-MB-B01 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 134 & %REC 
CRI052300-MB-B01 NC22SDG013 Dibromo-octafluoro-biphenyl 60  %REC 
CRI052300-MB-B02 NC22SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
CRI052300-MB-B02 NC22SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 108  %REC 
CRI052300-MB-B02 NC22SDG017 Dibromo-octafluoro-biphenyl 70  %REC 
CRI052300-MB-B03 NC22SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
CRI052300-MB-B03 NC22SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 149 & %REC 
CRI052300-MB-B03 NC22SDG018 Dibromo-octafluoro-biphenyl 72  %REC 
Instrument Reference Standard CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
Instrument Reference Standard CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 100  %REC 
Instrument Reference Standard CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard CSC81SDG001 Dibromo-octafluoro-biphenyl 93  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Instrument Reference Standard CSC81SDG001 Dibromo-octafluoro-biphenyl 94  %REC 
Instrument Reference Standard CSC81SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
Instrument Reference Standard CSC81SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
Instrument Reference Standard CSC81SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 72  %REC 
Instrument Reference Standard CSC81SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard CSC81SDG002 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard CSC81SDG002 Dibromo-octafluoro-biphenyl 94  %REC 
Instrument Reference Standard CSC81SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
Instrument Reference Standard CSC81SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard CSC81SDG004 Dibromo-octafluoro-biphenyl 98  %REC 
Instrument Reference Standard CSC81SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
Instrument Reference Standard CSC81SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
Instrument Reference Standard CSC81SDG005 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard CSC81SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard CSC81SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81  %REC 
Instrument Reference Standard CSC81SDG006 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Instrument Reference Standard CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
Instrument Reference Standard CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 77  %REC 
Instrument Reference Standard CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard CSC81SDG007 Dibromo-octafluoro-biphenyl 87  %REC 
Instrument Reference Standard CSC81SDG007 Dibromo-octafluoro-biphenyl 88  %REC 
Instrument Reference Standard CSC81SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
Instrument Reference Standard CSC81SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard CSC81SDG008 Dibromo-octafluoro-biphenyl 96  %REC 
Instrument Reference Standard CSC81SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard CSC81SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Instrument Reference Standard CSC81SDG009 Dibromo-octafluoro-biphenyl 94  %REC 
Instrument Reference Standard CSC81SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard CSC81SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 98  %REC 
Instrument Reference Standard CSC81SDG010 Dibromo-octafluoro-biphenyl 96  %REC 
Instrument Reference Standard CSC81SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
Instrument Reference Standard CSC81SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
Instrument Reference Standard CSC81SDG011 Dibromo-octafluoro-biphenyl 93  %REC 
Instrument Reference Standard CSC81SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard CSC81SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 88  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Instrument Reference Standard CSC81SDG012 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard CSC81SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
Instrument Reference Standard CSC81SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 99  %REC 
Instrument Reference Standard CSC81SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 96  %REC 
Instrument Reference Standard CSC81SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
Instrument Reference Standard CSC81SDG013 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard CSC81SDG013 Dibromo-octafluoro-biphenyl 97  %REC 
Instrument Reference Standard CSC81SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
Instrument Reference Standard CSC81SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
Instrument Reference Standard CSC81SDG014 Dibromo-octafluoro-biphenyl 96  %REC 
Instrument Reference Standard NC22SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
Instrument Reference Standard NC22SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC22SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Instrument Reference Standard NC22SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
Instrument Reference Standard NC22SDG001 Dibromo-octafluoro-biphenyl 93  %REC 
Instrument Reference Standard NC22SDG001 Dibromo-octafluoro-biphenyl 94  %REC 
Instrument Reference Standard NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
Instrument Reference Standard NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Instrument Reference Standard NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
Instrument Reference Standard NC22SDG002 Dibromo-octafluoro-biphenyl 93  %REC 
Instrument Reference Standard NC22SDG002 Dibromo-octafluoro-biphenyl 94  %REC 
Instrument Reference Standard NC22SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC22SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Instrument Reference Standard NC22SDG003 Dibromo-octafluoro-biphenyl 93  %REC 
Instrument Reference Standard NC22SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
Instrument Reference Standard NC22SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard NC22SDG004 Dibromo-octafluoro-biphenyl 92  %REC 
Instrument Reference Standard NC22SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
Instrument Reference Standard NC22SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard NC22SDG005 Dibromo-octafluoro-biphenyl 92  %REC 
Instrument Reference Standard NC22SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
Instrument Reference Standard NC22SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Instrument Reference Standard NC22SDG006 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC22SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
Instrument Reference Standard NC22SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Instrument Reference Standard NC22SDG007 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC22SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
Instrument Reference Standard NC22SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Instrument Reference Standard NC22SDG008 Dibromo-octafluoro-biphenyl 88  %REC 
Instrument Reference Standard NC22SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
Instrument Reference Standard NC22SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
Instrument Reference Standard NC22SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 83  %REC 
Instrument Reference Standard NC22SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Instrument Reference Standard NC22SDG009 Dibromo-octafluoro-biphenyl 88  %REC 
Instrument Reference Standard NC22SDG009 Dibromo-octafluoro-biphenyl 89  %REC 
Instrument Reference Standard NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
Instrument Reference Standard NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
Instrument Reference Standard NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 83  %REC 
Instrument Reference Standard NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Instrument Reference Standard NC22SDG010 Dibromo-octafluoro-biphenyl 88  %REC 
Instrument Reference Standard NC22SDG010 Dibromo-octafluoro-biphenyl 89  %REC 
Instrument Reference Standard NC22SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
Instrument Reference Standard NC22SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
Instrument Reference Standard NC22SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Instrument Reference Standard NC22SDG011 Dibromo-octafluoro-biphenyl 82  %REC 
Instrument Reference Standard NC22SDG011 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC22SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
Instrument Reference Standard NC22SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
Instrument Reference Standard NC22SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
Instrument Reference Standard NC22SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Instrument Reference Standard NC22SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard NC22SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Instrument Reference Standard NC22SDG012 Dibromo-octafluoro-biphenyl 86  %REC 
Instrument Reference Standard NC22SDG012 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
Instrument Reference Standard NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
Instrument Reference Standard NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 83  %REC 
Instrument Reference Standard NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Instrument Reference Standard NC22SDG013 Dibromo-octafluoro-biphenyl 82  %REC 
Instrument Reference Standard NC22SDG013 Dibromo-octafluoro-biphenyl 86  %REC 
Instrument Reference Standard NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Instrument Reference Standard NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Instrument Reference Standard NC22SDG014 Dibromo-octafluoro-biphenyl 86  %REC 
Instrument Reference Standard NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Instrument Reference Standard NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
Instrument Reference Standard NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Instrument Reference Standard NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 83  %REC 
Instrument Reference Standard NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard NC22SDG015 Dibromo-octafluoro-biphenyl 86  %REC 
Instrument Reference Standard NC22SDG015 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Instrument Reference Standard NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Instrument Reference Standard NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard NC22SDG016 Dibromo-octafluoro-biphenyl 86  %REC 
Instrument Reference Standard NC22SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
Instrument Reference Standard NC22SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC22SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard NC22SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Instrument Reference Standard NC22SDG017 Dibromo-octafluoro-biphenyl 85  %REC 
Instrument Reference Standard NC22SDG017 Dibromo-octafluoro-biphenyl 86  %REC 
Instrument Reference Standard NC22SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
Instrument Reference Standard NC22SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
Instrument Reference Standard NC22SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Instrument Reference Standard NC22SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Instrument Reference Standard NC22SDG018 Dibromo-octafluoro-biphenyl 85  %REC 
Instrument Reference Standard NC22SDG018 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Instrument Reference Standard NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
Instrument Reference Standard NC22SDG019 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard NC22SDG019 Dibromo-octafluoro-biphenyl 96  %REC 
Instrument Reference Standard NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Instrument Reference Standard NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Instrument Reference Standard NC22SDG020 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC22SDG020 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard NC22SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
Instrument Reference Standard NC22SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
Instrument Reference Standard NC22SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 80  %REC 
Instrument Reference Standard NC22SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
Instrument Reference Standard NC22SDG021 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard NC22SDG021 Dibromo-octafluoro-biphenyl 96  %REC 
Instrument Reference Standard NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
Instrument Reference Standard NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
Instrument Reference Standard NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 79  %REC 
Instrument Reference Standard NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Instrument Reference Standard NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
Instrument Reference Standard NC22SDG022 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC22SDG022 Dibromo-octafluoro-biphenyl 91  %REC 
Instrument Reference Standard NC22SDG022 Dibromo-octafluoro-biphenyl 96  %REC 
Instrument Reference Standard NC22SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
Instrument Reference Standard NC22SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 80  %REC 
Instrument Reference Standard NC22SDG023 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard NC22SDG024 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
Instrument Reference Standard NC22SDG024 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
Instrument Reference Standard NC22SDG024 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 79  %REC 
Instrument Reference Standard NC22SDG024 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 80  %REC 
Instrument Reference Standard NC22SDG024 Dibromo-octafluoro-biphenyl 91  %REC 
Instrument Reference Standard NC22SDG024 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard NC22SDG025 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
Instrument Reference Standard NC22SDG025 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
Instrument Reference Standard NC22SDG025 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 80  %REC 
Instrument Reference Standard NC22SDG025 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
Instrument Reference Standard NC22SDG025 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
Instrument Reference Standard NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Instrument Reference Standard NC22SDG026 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC22SDG026 Dibromo-octafluoro-biphenyl 92  %REC 
Instrument Reference Standard NC22SDG050 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC22SDG050 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC22SDG050 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Instrument Reference Standard NC22SDG050 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
Instrument Reference Standard NC22SDG050 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard NC22SDG050 Dibromo-octafluoro-biphenyl 96  %REC 
Instrument Reference Standard NC22SDG052 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
Instrument Reference Standard NC22SDG052 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 77  %REC 
Instrument Reference Standard NC22SDG052 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 100  %REC 
Instrument Reference Standard NC22SDG053 Dibromo-octafluoro-biphenyl 103  %REC 
Instrument Reference Standard NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
Instrument Reference Standard NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
Instrument Reference Standard NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
Instrument Reference Standard NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 74  %REC 
Instrument Reference Standard NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 88  %REC 
Instrument Reference Standard NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
Instrument Reference Standard NC22SDG054 Dibromo-octafluoro-biphenyl 85  %REC 
Instrument Reference Standard NC22SDG054 Dibromo-octafluoro-biphenyl 89  %REC 
Instrument Reference Standard NC22SDG054 Dibromo-octafluoro-biphenyl 94  %REC 
Instrument Reference Standard NC28SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
Instrument Reference Standard NC28SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
Instrument Reference Standard NC28SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 88  %REC 
Instrument Reference Standard NC28SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
Instrument Reference Standard NC28SDG001 Dibromo-octafluoro-biphenyl 85  %REC 
Instrument Reference Standard NC28SDG001 Dibromo-octafluoro-biphenyl 88  %REC 
Instrument Reference Standard NC28SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
Instrument Reference Standard NC28SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Instrument Reference Standard NC28SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Instrument Reference Standard NC28SDG002 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC28SDG002 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard NC28SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Instrument Reference Standard NC28SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC28SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Instrument Reference Standard NC28SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Instrument Reference Standard NC28SDG003 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC28SDG003 Dibromo-octafluoro-biphenyl 94  %REC 
Instrument Reference Standard NC28SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Instrument Reference Standard NC28SDG004 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC28SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
Instrument Reference Standard NC28SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Instrument Reference Standard NC28SDG005 Dibromo-octafluoro-biphenyl 91  %REC 
Instrument Reference Standard NC28SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC28SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
Instrument Reference Standard NC28SDG006 Dibromo-octafluoro-biphenyl 94  %REC 
Instrument Reference Standard NC28SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC28SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
Instrument Reference Standard NC28SDG007 Dibromo-octafluoro-biphenyl 94  %REC 
Instrument Reference Standard NC28SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG008 Dibromo-octafluoro-biphenyl 86  %REC 
Instrument Reference Standard NC28SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG009 Dibromo-octafluoro-biphenyl 86  %REC 
Instrument Reference Standard NC28SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC28SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Instrument Reference Standard NC28SDG010 Dibromo-octafluoro-biphenyl 91  %REC 
Instrument Reference Standard NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
Instrument Reference Standard NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 88  %REC 
Instrument Reference Standard NC28SDG011 Dibromo-octafluoro-biphenyl 83  %REC 
Instrument Reference Standard NC28SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
Instrument Reference Standard NC28SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 88  %REC 
Instrument Reference Standard NC28SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
Instrument Reference Standard NC28SDG012 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
Instrument Reference Standard NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Instrument Reference Standard NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Instrument Reference Standard NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
Instrument Reference Standard NC28SDG013 Dibromo-octafluoro-biphenyl 89  %REC 
Instrument Reference Standard NC28SDG013 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard NC28SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
Instrument Reference Standard NC28SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Instrument Reference Standard NC28SDG014 Dibromo-octafluoro-biphenyl 89  %REC 
Instrument Reference Standard NC28SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
Instrument Reference Standard NC28SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 88  %REC 
Instrument Reference Standard NC28SDG015 Dibromo-octafluoro-biphenyl 86  %REC 
Instrument Reference Standard NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Instrument Reference Standard NC28SDG016 Dibromo-octafluoro-biphenyl 92  %REC 
Instrument Reference Standard NC28SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC28SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Instrument Reference Standard NC28SDG017 Dibromo-octafluoro-biphenyl 92  %REC 
Instrument Reference Standard NC28SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC28SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG018 Dibromo-octafluoro-biphenyl 90  %REC 
Instrument Reference Standard NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Instrument Reference Standard NC28SDG019 Dibromo-octafluoro-biphenyl 94  %REC 
Instrument Reference Standard NC28SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
Instrument Reference Standard NC28SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Instrument Reference Standard NC28SDG020 Dibromo-octafluoro-biphenyl 89  %REC 
Instrument Reference Standard NC28SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
Instrument Reference Standard NC28SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Instrument Reference Standard NC28SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG021 Dibromo-octafluoro-biphenyl 106  %REC 
Instrument Reference Standard NC28SDG021 Dibromo-octafluoro-biphenyl 95  %REC 
Instrument Reference Standard NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
Instrument Reference Standard NC28SDG022 Dibromo-octafluoro-biphenyl 93  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Instrument Reference Standard NC28SDG022 Dibromo-octafluoro-biphenyl 97  %REC 
Instrument Reference Standard NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
Instrument Reference Standard NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
Instrument Reference Standard NC28SDG023 Dibromo-octafluoro-biphenyl 93  %REC 
Instrument Reference Standard NC28SDG023 Dibromo-octafluoro-biphenyl 97  %REC 
Instrument Reference Standard NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Instrument Reference Standard NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 99  %REC 
Instrument Reference Standard NC34SDG001 Dibromo-octafluoro-biphenyl 88  %REC 
Instrument Reference Standard NC34SDG001 Dibromo-octafluoro-biphenyl 93  %REC 
Instrument Reference Standard NC34SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC34SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC34SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Instrument Reference Standard NC34SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 99  %REC 
Instrument Reference Standard NC34SDG002 Dibromo-octafluoro-biphenyl 88  %REC 
Instrument Reference Standard NC34SDG002 Dibromo-octafluoro-biphenyl 93  %REC 
Instrument Reference Standard NC34SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC34SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Instrument Reference Standard NC34SDG003 Dibromo-octafluoro-biphenyl 88  %REC 
Instrument Reference Standard NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 101  %REC 
Instrument Reference Standard NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 103  %REC 
Instrument Reference Standard NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Instrument Reference Standard NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
Instrument Reference Standard NC34SDG004 Dibromo-octafluoro-biphenyl 88  %REC 
Instrument Reference Standard NC34SDG004 Dibromo-octafluoro-biphenyl 92  %REC 
Instrument Reference Standard NC34SDG004 Dibromo-octafluoro-biphenyl 96  %REC 
Instrument Reference Standard NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 108  %REC 
Instrument Reference Standard NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
Instrument Reference Standard NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 112  %REC 
Instrument Reference Standard NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Instrument Reference Standard NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
Instrument Reference Standard NC34SDG005 Dibromo-octafluoro-biphenyl 100  %REC 
Instrument Reference Standard NC34SDG005 Dibromo-octafluoro-biphenyl 92  %REC 
Instrument Reference Standard NC34SDG005 Dibromo-octafluoro-biphenyl 98  %REC 
Instrument Reference Standard NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
Instrument Reference Standard NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
Instrument Reference Standard NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Instrument Reference Standard NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Instrument Reference Standard NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
Instrument Reference Standard NC34SDG006 Dibromo-octafluoro-biphenyl 93  %REC 
Instrument Reference Standard NC34SDG006 Dibromo-octafluoro-biphenyl 97  %REC 
Instrument Reference Standard NC34SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 104  %REC 
Instrument Reference Standard NC34SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 
Instrument Reference Standard NC34SDG007 Dibromo-octafluoro-biphenyl 94  %REC 
Instrument Reference Standard NC34SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
Instrument Reference Standard NC34SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 99  %REC 
Instrument Reference Standard NC34SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Instrument Reference Standard NC34SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
Instrument Reference Standard NC34SDG008 Dibromo-octafluoro-biphenyl 94  %REC 
Instrument Reference Standard NC34SDG008 Dibromo-octafluoro-biphenyl 97  %REC 
Instrument Reference Standard NC34SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Instrument Reference Standard NC34SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
Instrument Reference Standard NC34SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Instrument Reference Standard NC34SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Instrument Reference Standard NC34SDG009 Dibromo-octafluoro-biphenyl 87  %REC 
Instrument Reference Standard NC34SDG009 Dibromo-octafluoro-biphenyl 91  %REC 
Instrument Reference Standard NC34SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
Instrument Reference Standard NC34SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Instrument Reference Standard NC34SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 76  %REC 
Instrument Reference Standard NC34SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 99  %REC 
Instrument Reference Standard NC34SDG010 Dibromo-octafluoro-biphenyl 89  %REC 
Instrument Reference Standard NC34SDG010 Dibromo-octafluoro-biphenyl 98  %REC 
Instrument Reference Standard NC34SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
Instrument Reference Standard NC34SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
Instrument Reference Standard NC34SDG011 Dibromo-octafluoro-biphenyl 91  %REC 
Instrument Reference Standard NC34SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Instrument Reference Standard NC34SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
Instrument Reference Standard NC34SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81  %REC 
Instrument Reference Standard NC34SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Instrument Reference Standard NC34SDG012 Dibromo-octafluoro-biphenyl 93  %REC 
Instrument Reference Standard NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
Instrument Reference Standard NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
Instrument Reference Standard NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 74  %REC 
Instrument Reference Standard NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 83  %REC 
Instrument Reference Standard NC34SDG013 Dibromo-octafluoro-biphenyl 85  %REC 
Instrument Reference Standard NC34SDG013 Dibromo-octafluoro-biphenyl 90  %REC 
JMG020100-MB-B01 NC22SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
JMG020100-MB-B01 NC22SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 123  %REC 
JMG020100-MB-B01 NC22SDG001 Dibromo-octafluoro-biphenyl 63  %REC 
JMG031500-MB-B02 NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
JMG031500-MB-B02 NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 117  %REC 
JMG031500-MB-B02 NC22SDG002 Dibromo-octafluoro-biphenyl 76  %REC 
JMG031500-MB-B03 NC22SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
JMG031500-MB-B03 NC22SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 136 & %REC 
JMG031500-MB-B03 NC22SDG003 Dibromo-octafluoro-biphenyl 71  %REC 
JMG031500-MB-B04 NC22SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
JMG031500-MB-B04 NC22SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 106  %REC 
JMG031500-MB-B04 NC22SDG004 Dibromo-octafluoro-biphenyl 73  %REC 
JMG031500-MB-B05 NC22SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
JMG031500-MB-B05 NC22SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 107  %REC 
JMG031500-MB-B05 NC22SDG005 Dibromo-octafluoro-biphenyl 70  %REC 
KML-060500-MB-B01 NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
KML-060500-MB-B01 NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 132 & %REC 
KML-060500-MB-B01 NC22SDG014 Dibromo-octafluoro-biphenyl 89  %REC 
KML060500-MB-B02 NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
KML060500-MB-B02 NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 88  %REC 
KML060500-MB-B02 NC22SDG015 Dibromo-octafluoro-biphenyl 64  %REC 
KML061200-MB-B01 NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
KML061200-MB-B01 NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
KML061200-MB-B01 NC22SDG016 Dibromo-octafluoro-biphenyl 78  %REC 
KML061200-MB-B02 NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
KML061200-MB-B02 NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 104  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
KML061200-MB-B02 NC22SDG022 Dibromo-octafluoro-biphenyl 80  %REC 
KML070600-MB-B01 NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
KML070600-MB-B01 NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 96  %REC 
KML070600-MB-B01 NC22SDG020 Dibromo-octafluoro-biphenyl 62  %REC 
KML071800-HP-B1 NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
KML071800-HP-B1 NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 155 & %REC 
KML071800-HP-B1 NC22SDG026 Dibromo-octafluoro-biphenyl 70  %REC 
KML071800-HP-B2 NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
KML071800-HP-B2 NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 132 & %REC 
KML071800-HP-B2 NC22SDG026 Dibromo-octafluoro-biphenyl 68  %REC 
KML071800-MB-B01 NC22SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 47  %REC 
KML071800-MB-B01 NC22SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 52  %REC 
KML071800-MB-B01 NC22SDG021 Dibromo-octafluoro-biphenyl 37 & %REC 
KML071800-MB-B02 NC22SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
KML071800-MB-B02 NC22SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 173 & %REC 
KML071800-MB-B02 NC22SDG023 Dibromo-octafluoro-biphenyl 81  %REC 
KML091900-HP-B1 NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
KML091900-HP-B1 NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 131 & %REC 
KML091900-HP-B1 NC22SDG054 Dibromo-octafluoro-biphenyl 72  %REC 
KML0919-HP-B02 NC28SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
KML0919-HP-B02 NC28SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 120  %REC 
KML0919-HP-B02 NC28SDG003 Dibromo-octafluoro-biphenyl 85  %REC 
KML0919-HP-B03 NC28SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 106  %REC 
KML0919-HP-B03 NC28SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 136 & %REC 
KML0919-HP-B03 NC28SDG003 Dibromo-octafluoro-biphenyl 81  %REC 
KML0919-HP-B04 NC28SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
KML0919-HP-B04 NC28SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 
KML0919-HP-B04 NC28SDG003 Dibromo-octafluoro-biphenyl 88  %REC 
KML0919-HP-B05 NC28SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 101  %REC 
KML0919-HP-B05 NC28SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 120  %REC 
KML0919-HP-B05 NC28SDG003 Dibromo-octafluoro-biphenyl 85  %REC 
Procedural Blank CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
Procedural Blank CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
Procedural Blank CSC81SDG001 Dibromo-octafluoro-biphenyl 69  %REC 
Procedural Blank CSC81SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
Procedural Blank CSC81SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Procedural Blank CSC81SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Procedural Blank CSC81SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 93  %REC 
Procedural Blank CSC81SDG002 Dibromo-octafluoro-biphenyl 56  %REC 
Procedural Blank CSC81SDG002 Dibromo-octafluoro-biphenyl 57  %REC 
Procedural Blank CSC81SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
Procedural Blank CSC81SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 112  %REC 
Procedural Blank CSC81SDG004 Dibromo-octafluoro-biphenyl 74  %REC 
Procedural Blank CSC81SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 55  %REC 
Procedural Blank CSC81SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 51  %REC 
Procedural Blank CSC81SDG005 Dibromo-octafluoro-biphenyl 53  %REC 
Procedural Blank CSC81SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 40 & %REC 
Procedural Blank CSC81SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 44 & %REC 
Procedural Blank CSC81SDG006 Dibromo-octafluoro-biphenyl 33 & %REC 
Procedural Blank CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 51  %REC 
Procedural Blank CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 60  %REC 
Procedural Blank CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 61  %REC 
Procedural Blank CSC81SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 68  %REC 
Procedural Blank CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 55  %REC 
Procedural Blank CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 65  %REC 
Procedural Blank CSC81SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Procedural Blank CSC81SDG007 Dibromo-octafluoro-biphenyl 49  %REC 
Procedural Blank CSC81SDG007 Dibromo-octafluoro-biphenyl 58  %REC 
Procedural Blank CSC81SDG007 Dibromo-octafluoro-biphenyl 65  %REC 
Procedural Blank CSC81SDG007 Dibromo-octafluoro-biphenyl 70  %REC 
Procedural Blank CSC81SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 63  %REC 
Procedural Blank CSC81SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 60  %REC 
Procedural Blank CSC81SDG008 Dibromo-octafluoro-biphenyl 60  %REC 
Procedural Blank CSC81SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 63  %REC 
Procedural Blank CSC81SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 69  %REC 
Procedural Blank CSC81SDG009 Dibromo-octafluoro-biphenyl 60  %REC 
Procedural Blank CSC81SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 69  %REC 
Procedural Blank CSC81SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Procedural Blank CSC81SDG010 Dibromo-octafluoro-biphenyl 64  %REC 
Procedural Blank CSC81SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
Procedural Blank CSC81SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 88  %REC 
Procedural Blank CSC81SDG011 Dibromo-octafluoro-biphenyl 59  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Procedural Blank CSC81SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
Procedural Blank CSC81SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 79  %REC 
Procedural Blank CSC81SDG012 Dibromo-octafluoro-biphenyl 67  %REC 
Procedural Blank CSC81SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
Procedural Blank CSC81SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 80  %REC 
Procedural Blank CSC81SDG013 Dibromo-octafluoro-biphenyl 59  %REC 
Procedural Blank CSC81SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
Procedural Blank CSC81SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81  %REC 
Procedural Blank CSC81SDG014 Dibromo-octafluoro-biphenyl 66  %REC 
Procedural Blank NC22SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
Procedural Blank NC22SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 106  %REC 
Procedural Blank NC22SDG001 Dibromo-octafluoro-biphenyl 72  %REC 
Procedural Blank NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
Procedural Blank NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 104  %REC 
Procedural Blank NC22SDG002 Dibromo-octafluoro-biphenyl 75  %REC 
Procedural Blank NC22SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
Procedural Blank NC22SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 100  %REC 
Procedural Blank NC22SDG003 Dibromo-octafluoro-biphenyl 65  %REC 
Procedural Blank NC22SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
Procedural Blank NC22SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 96  %REC 
Procedural Blank NC22SDG004 Dibromo-octafluoro-biphenyl 73  %REC 
Procedural Blank NC22SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
Procedural Blank NC22SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 110  %REC 
Procedural Blank NC22SDG005 Dibromo-octafluoro-biphenyl 79  %REC 
Procedural Blank NC22SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
Procedural Blank NC22SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 102  %REC 
Procedural Blank NC22SDG006 Dibromo-octafluoro-biphenyl 67  %REC 
Procedural Blank NC22SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
Procedural Blank NC22SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 94  %REC 
Procedural Blank NC22SDG007 Dibromo-octafluoro-biphenyl 70  %REC 
Procedural Blank NC22SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
Procedural Blank NC22SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 76  %REC 
Procedural Blank NC22SDG008 Dibromo-octafluoro-biphenyl 61  %REC 
Procedural Blank NC22SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
Procedural Blank NC22SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
Procedural Blank NC22SDG009 Dibromo-octafluoro-biphenyl 72  %REC 











 



 
 



C-128



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Procedural Blank NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
Procedural Blank NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81  %REC 
Procedural Blank NC22SDG010 Dibromo-octafluoro-biphenyl 65  %REC 
Procedural Blank NC22SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
Procedural Blank NC22SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 88  %REC 
Procedural Blank NC22SDG011 Dibromo-octafluoro-biphenyl 62  %REC 
Procedural Blank NC22SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 54  %REC 
Procedural Blank NC22SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 56  %REC 
Procedural Blank NC22SDG012 Dibromo-octafluoro-biphenyl 49  %REC 
Procedural Blank NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
Procedural Blank NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 118  %REC 
Procedural Blank NC22SDG013 Dibromo-octafluoro-biphenyl 57  %REC 
Procedural Blank NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
Procedural Blank NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 112  %REC 
Procedural Blank NC22SDG014 Dibromo-octafluoro-biphenyl 69  %REC 
Procedural Blank NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
Procedural Blank NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Procedural Blank NC22SDG015 Dibromo-octafluoro-biphenyl 74  %REC 
Procedural Blank NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
Procedural Blank NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
Procedural Blank NC22SDG016 Dibromo-octafluoro-biphenyl 76  %REC 
Procedural Blank NC22SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
Procedural Blank NC22SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 79  %REC 
Procedural Blank NC22SDG017 Dibromo-octafluoro-biphenyl 66  %REC 
Procedural Blank NC22SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 77  %REC 
Procedural Blank NC22SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Procedural Blank NC22SDG018 Dibromo-octafluoro-biphenyl 75  %REC 
Procedural Blank NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
Procedural Blank NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 86  %REC 
Procedural Blank NC22SDG019 Dibromo-octafluoro-biphenyl 63  %REC 
Procedural Blank NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
Procedural Blank NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
Procedural Blank NC22SDG020 Dibromo-octafluoro-biphenyl 78  %REC 
Procedural Blank NC22SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
Procedural Blank NC22SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 108  %REC 
Procedural Blank NC22SDG021 Dibromo-octafluoro-biphenyl 57  %REC 











 



 
 



C-129



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Procedural Blank NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
Procedural Blank NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
Procedural Blank NC22SDG022 Dibromo-octafluoro-biphenyl 67  %REC 
Procedural Blank NC22SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 48  %REC 
Procedural Blank NC22SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 68  %REC 
Procedural Blank NC22SDG023 Dibromo-octafluoro-biphenyl 34 & %REC 
Procedural Blank NC22SDG024 103 - 2,2',4,5',6-Pentachlorobiphenyl 65  %REC 
Procedural Blank NC22SDG024 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
Procedural Blank NC22SDG024 Dibromo-octafluoro-biphenyl 59  %REC 
Procedural Blank NC22SDG025 103 - 2,2',4,5',6-Pentachlorobiphenyl 86  %REC 
Procedural Blank NC22SDG025 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 101  %REC 
Procedural Blank NC22SDG025 Dibromo-octafluoro-biphenyl 78  %REC 
Procedural Blank NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 63  %REC 
Procedural Blank NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
Procedural Blank NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 112  %REC 
Procedural Blank NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 72  %REC 
Procedural Blank NC22SDG026 Dibromo-octafluoro-biphenyl 53  %REC 
Procedural Blank NC22SDG026 Dibromo-octafluoro-biphenyl 59  %REC 
Procedural Blank NC22SDG050 103 - 2,2',4,5',6-Pentachlorobiphenyl 56  %REC 
Procedural Blank NC22SDG050 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 64  %REC 
Procedural Blank NC22SDG050 Dibromo-octafluoro-biphenyl 48  %REC 
Procedural Blank NC22SDG052 103 - 2,2',4,5',6-Pentachlorobiphenyl 116  %REC 
Procedural Blank NC22SDG052 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 114  %REC 
Procedural Blank NC22SDG052 Dibromo-octafluoro-biphenyl 121  %REC 
Procedural Blank NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 55  %REC 
Procedural Blank NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 64  %REC 
Procedural Blank NC22SDG053 Dibromo-octafluoro-biphenyl 54  %REC 
Procedural Blank NC22SDG054 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
Procedural Blank NC22SDG054 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Procedural Blank NC22SDG054 Dibromo-octafluoro-biphenyl 77  %REC 
Procedural Blank NC28SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
Procedural Blank NC28SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 82  %REC 
Procedural Blank NC28SDG001 Dibromo-octafluoro-biphenyl 76  %REC 
Procedural Blank NC28SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
Procedural Blank NC28SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 87  %REC 
Procedural Blank NC28SDG002 Dibromo-octafluoro-biphenyl 78  %REC 











 



 
 



C-130



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Procedural Blank NC28SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
Procedural Blank NC28SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Procedural Blank NC28SDG003 Dibromo-octafluoro-biphenyl 81  %REC 
Procedural Blank NC28SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 69  %REC 
Procedural Blank NC28SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81  %REC 
Procedural Blank NC28SDG004 Dibromo-octafluoro-biphenyl 61  %REC 
Procedural Blank NC28SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 63  %REC 
Procedural Blank NC28SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 71  %REC 
Procedural Blank NC28SDG005 Dibromo-octafluoro-biphenyl 65  %REC 
Procedural Blank NC28SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 67  %REC 
Procedural Blank NC28SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 73  %REC 
Procedural Blank NC28SDG006 Dibromo-octafluoro-biphenyl 58  %REC 
Procedural Blank NC28SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 56  %REC 
Procedural Blank NC28SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 59  %REC 
Procedural Blank NC28SDG007 Dibromo-octafluoro-biphenyl 50  %REC 
Procedural Blank NC28SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 69  %REC 
Procedural Blank NC28SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 80  %REC 
Procedural Blank NC28SDG008 Dibromo-octafluoro-biphenyl 63  %REC 
Procedural Blank NC28SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 64  %REC 
Procedural Blank NC28SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 72  %REC 
Procedural Blank NC28SDG009 Dibromo-octafluoro-biphenyl 55  %REC 
Procedural Blank NC28SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 55  %REC 
Procedural Blank NC28SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 64  %REC 
Procedural Blank NC28SDG010 Dibromo-octafluoro-biphenyl 45  %REC 
Procedural Blank NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 59  %REC 
Procedural Blank NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 58  %REC 
Procedural Blank NC28SDG011 Dibromo-octafluoro-biphenyl 44 & %REC 
Procedural Blank NC28SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
Procedural Blank NC28SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 136 & %REC 
Procedural Blank NC28SDG012 Dibromo-octafluoro-biphenyl 74  %REC 
Procedural Blank NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 60  %REC 
Procedural Blank NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 71  %REC 
Procedural Blank NC28SDG013 Dibromo-octafluoro-biphenyl 52  %REC 
Procedural Blank NC28SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 65  %REC 
Procedural Blank NC28SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 85  %REC 
Procedural Blank NC28SDG014 Dibromo-octafluoro-biphenyl 28 & %REC 











 



 
 



C-131



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Procedural Blank NC28SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
Procedural Blank NC28SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
Procedural Blank NC28SDG015 Dibromo-octafluoro-biphenyl 70  %REC 
Procedural Blank NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 55  %REC 
Procedural Blank NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 61  %REC 
Procedural Blank NC28SDG016 Dibromo-octafluoro-biphenyl 36 & %REC 
Procedural Blank NC28SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 63  %REC 
Procedural Blank NC28SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 66  %REC 
Procedural Blank NC28SDG017 Dibromo-octafluoro-biphenyl 61  %REC 
Procedural Blank NC28SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 60  %REC 
Procedural Blank NC28SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 74  %REC 
Procedural Blank NC28SDG018 Dibromo-octafluoro-biphenyl 49  %REC 
Procedural Blank NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 75  %REC 
Procedural Blank NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 78  %REC 
Procedural Blank NC28SDG019 Dibromo-octafluoro-biphenyl 63  %REC 
Procedural Blank NC28SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 67  %REC 
Procedural Blank NC28SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 63  %REC 
Procedural Blank NC28SDG020 Dibromo-octafluoro-biphenyl 50  %REC 
Procedural Blank NC28SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 58  %REC 
Procedural Blank NC28SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81  %REC 
Procedural Blank NC28SDG021 Dibromo-octafluoro-biphenyl 36 & %REC 
Procedural Blank NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 67  %REC 
Procedural Blank NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 65  %REC 
Procedural Blank NC28SDG022 Dibromo-octafluoro-biphenyl 61  %REC 
Procedural Blank NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
Procedural Blank NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Procedural Blank NC28SDG023 Dibromo-octafluoro-biphenyl 71  %REC 
Procedural Blank NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
Procedural Blank NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
Procedural Blank NC34SDG001 Dibromo-octafluoro-biphenyl 57  %REC 
Procedural Blank NC34SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
Procedural Blank NC34SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
Procedural Blank NC34SDG002 Dibromo-octafluoro-biphenyl 48  %REC 
Procedural Blank NC34SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
Procedural Blank NC34SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 97  %REC 
Procedural Blank NC34SDG003 Dibromo-octafluoro-biphenyl 73  %REC 











 



 
 



C-132



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
Procedural Blank NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 99  %REC 
Procedural Blank NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 109  %REC 
Procedural Blank NC34SDG004 Dibromo-octafluoro-biphenyl 75  %REC 
Procedural Blank NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 66  %REC 
Procedural Blank NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 61  %REC 
Procedural Blank NC34SDG005 Dibromo-octafluoro-biphenyl 60  %REC 
Procedural Blank NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
Procedural Blank NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 84  %REC 
Procedural Blank NC34SDG006 Dibromo-octafluoro-biphenyl 62  %REC 
Procedural Blank NC34SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
Procedural Blank NC34SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 102  %REC 
Procedural Blank NC34SDG007 Dibromo-octafluoro-biphenyl 47  %REC 
Procedural Blank NC34SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 71  %REC 
Procedural Blank NC34SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
Procedural Blank NC34SDG008 Dibromo-octafluoro-biphenyl 56  %REC 
Procedural Blank NC34SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 100  %REC 
Procedural Blank NC34SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 102  %REC 
Procedural Blank NC34SDG009 Dibromo-octafluoro-biphenyl 63  %REC 
Procedural Blank NC34SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
Procedural Blank NC34SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
Procedural Blank NC34SDG010 Dibromo-octafluoro-biphenyl 79  %REC 
Procedural Blank NC34SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
Procedural Blank NC34SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 110  %REC 
Procedural Blank NC34SDG011 Dibromo-octafluoro-biphenyl 86  %REC 
Procedural Blank NC34SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 76  %REC 
Procedural Blank NC34SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 90  %REC 
Procedural Blank NC34SDG012 Dibromo-octafluoro-biphenyl 77  %REC 
Procedural Blank NC34SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 68  %REC 
Procedural Blank NC34SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 91  %REC 
Procedural Blank NC34SDG013 Dibromo-octafluoro-biphenyl 62  %REC 
PSNS-636-62-4A NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
PSNS-636-62-4A NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
PSNS-636-62-4A NC34SDG006 Dibromo-octafluoro-biphenyl 0 & %REC 
PSNS-636-62-4A-B68 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
PSNS-636-62-4A-B68 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 92  %REC 
PSNS-636-62-4A-B68 NC34SDG005 Dibromo-octafluoro-biphenyl 71  %REC 











 



 
 



C-133



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
PSNS-636-62-4A-B7 NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
PSNS-636-62-4A-B7 NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 100  %REC 
PSNS-636-62-4A-B7 NC22SDG010 Dibromo-octafluoro-biphenyl 71  %REC 
PSNS-636-62-4A-T1 NC22SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
PSNS-636-62-4A-T1 NC22SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 136 & %REC 
PSNS-636-62-4A-T1 NC22SDG003 Dibromo-octafluoro-biphenyl 72  %REC 
PSNS-636-62-4A-T11 NC22SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 103  %REC 
PSNS-636-62-4A-T11 NC22SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 134 & %REC 
PSNS-636-62-4A-T11 NC22SDG003 Dibromo-octafluoro-biphenyl 80  %REC 
PSNS-636-62-4A-T13 NC22SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
PSNS-636-62-4A-T13 NC22SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 122  %REC 
PSNS-636-62-4A-T13 NC22SDG004 Dibromo-octafluoro-biphenyl 91  %REC 
PSNS-636-62-4A-T15 NC22SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
PSNS-636-62-4A-T15 NC22SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 117  %REC 
PSNS-636-62-4A-T15 NC22SDG005 Dibromo-octafluoro-biphenyl 63  %REC 
PSNS-636-62-4A-T17 NC22SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
PSNS-636-62-4A-T17 NC22SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 139 & %REC 
PSNS-636-62-4A-T17 NC22SDG007 Dibromo-octafluoro-biphenyl 82  %REC 
PSNS-636-62-4A-T21 NC22SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
PSNS-636-62-4A-T21 NC22SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 112  %REC 
PSNS-636-62-4A-T21 NC22SDG010 Dibromo-octafluoro-biphenyl 69  %REC 
PSNS-636-62-4A-T24 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 81  %REC 
PSNS-636-62-4A-T24 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 140 & %REC 
PSNS-636-62-4A-T24 NC22SDG013 Dibromo-octafluoro-biphenyl 55  %REC 
PSNS-636-62-4A-T26 NC22SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
PSNS-636-62-4A-T26 NC22SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 161 & %REC 
PSNS-636-62-4A-T26 NC22SDG018 Dibromo-octafluoro-biphenyl 84  %REC 
PSNS-636-62-4A-T29 NC22SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 88  %REC 
PSNS-636-62-4A-T29 NC22SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 171 & %REC 
PSNS-636-62-4A-T29 NC22SDG023 Dibromo-octafluoro-biphenyl 76  %REC 
PSNS-636-62-4A-T32 NC28SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
PSNS-636-62-4A-T32 NC28SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 134 & %REC 
PSNS-636-62-4A-T32 NC28SDG001 Dibromo-octafluoro-biphenyl 93  %REC 
PSNS-636-62-4A-T36 NC28SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
PSNS-636-62-4A-T36 NC28SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 142 & %REC 
PSNS-636-62-4A-T36 NC28SDG005 Dibromo-octafluoro-biphenyl 71  %REC 











 



 
 



C-134



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
PSNS-636-62-4A-T39 NC28SDG010 103 - 2,2',4,5',6-Pentachlorobiphenyl 67  %REC 
PSNS-636-62-4A-T39 NC28SDG010 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81  %REC 
PSNS-636-62-4A-T39 NC28SDG010 Dibromo-octafluoro-biphenyl 51  %REC 
PSNS-636-62-4A-T42 NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
PSNS-636-62-4A-T42 NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 138 & %REC 
PSNS-636-62-4A-T42 NC28SDG013 Dibromo-octafluoro-biphenyl 65  %REC 
PSNS-636-62-4A-T45 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
PSNS-636-62-4A-T45 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 98  %REC 
PSNS-636-62-4A-T45 NC28SDG019 Dibromo-octafluoro-biphenyl 52  %REC 
PSNS-636-62-4A-T47 NC28SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
PSNS-636-62-4A-T47 NC28SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 147 & %REC 
PSNS-636-62-4A-T47 NC28SDG023 Dibromo-octafluoro-biphenyl 85  %REC 
PSNS-636-62-4A-T49 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
PSNS-636-62-4A-T49 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 107  %REC 
PSNS-636-62-4A-T49 NC34SDG005 Dibromo-octafluoro-biphenyl 59  %REC 
PSNS-636-62-4B NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 118  %REC 
PSNS-636-62-4B NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 70  %REC 
PSNS-636-62-4B NC22SDG053 Dibromo-octafluoro-biphenyl 77  %REC 
PSNS-636-62-4D NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
PSNS-636-62-4D NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
PSNS-636-62-4D NC34SDG006 Dibromo-octafluoro-biphenyl 0 & %REC 
PSNS-636-62-4D-B57 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
PSNS-636-62-4D-B57 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 89  %REC 
PSNS-636-62-4D-B57 NC34SDG005 Dibromo-octafluoro-biphenyl 74  %REC 
PSNS-636-62-4D-T1 NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 95  %REC 
PSNS-636-62-4D-T1 NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 130 & %REC 
PSNS-636-62-4D-T1 NC22SDG014 Dibromo-octafluoro-biphenyl 82  %REC 
PSNS-636-62-4D-T11 NC22SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 78  %REC 
PSNS-636-62-4D-T11 NC22SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 102  %REC 
PSNS-636-62-4D-T11 NC22SDG017 Dibromo-octafluoro-biphenyl 63  %REC 
PSNS-636-62-4D-T13 NC22SDG020 103 - 2,2',4,5',6-Pentachlorobiphenyl 51  %REC 
PSNS-636-62-4D-T13 NC22SDG020 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 62  %REC 
PSNS-636-62-4D-T13 NC22SDG020 Dibromo-octafluoro-biphenyl 43 & %REC 
PSNS-636-62-4D-T15 NC22SDG023 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
PSNS-636-62-4D-T15 NC22SDG023 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 164 & %REC 
PSNS-636-62-4D-T15 NC22SDG023 Dibromo-octafluoro-biphenyl 64  %REC 











 



 
 



C-135



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
PSNS-636-62-4D-T18 NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
PSNS-636-62-4D-T18 NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 144 & %REC 
PSNS-636-62-4D-T18 NC22SDG026 Dibromo-octafluoro-biphenyl 76  %REC 
PSNS-636-62-4D-T22 NC28SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 74  %REC 
PSNS-636-62-4D-T22 NC28SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 129 & %REC 
PSNS-636-62-4D-T22 NC28SDG004 Dibromo-octafluoro-biphenyl 65  %REC 
PSNS-636-62-4D-T25 NC28SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 68  %REC 
PSNS-636-62-4D-T25 NC28SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 104  %REC 
PSNS-636-62-4D-T25 NC28SDG009 Dibromo-octafluoro-biphenyl 60  %REC 
PSNS-636-62-4D-T28 NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 65  %REC 
PSNS-636-62-4D-T28 NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 117  %REC 
PSNS-636-62-4D-T28 NC28SDG011 Dibromo-octafluoro-biphenyl 53  %REC 
PSNS-636-62-4D-T32 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 51  %REC 
PSNS-636-62-4D-T32 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 
PSNS-636-62-4D-T32 NC28SDG016 Dibromo-octafluoro-biphenyl 34 & %REC 
PSNS-636-62-4D-T33 NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
PSNS-636-62-4D-T33 NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
PSNS-636-62-4D-T33 NC28SDG022 Dibromo-octafluoro-biphenyl 77  %REC 
PSNS-636-62-4D-T35 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 49  %REC 
PSNS-636-62-4D-T35 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 80  %REC 
PSNS-636-62-4D-T35 NC34SDG005 Dibromo-octafluoro-biphenyl 45  %REC 
PSNS-636-62-4D-T6 NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
PSNS-636-62-4D-T6 NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 125  %REC 
PSNS-636-62-4D-T6 NC22SDG014 Dibromo-octafluoro-biphenyl 86  %REC 
PSNS-636-62-4D-T9 NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
PSNS-636-62-4D-T9 NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 105  %REC 
PSNS-636-62-4D-T9 NC22SDG015 Dibromo-octafluoro-biphenyl 74  %REC 
PSNS-647-165-9A NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
PSNS-647-165-9A NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
PSNS-647-165-9A NC34SDG006 Dibromo-octafluoro-biphenyl 0 & %REC 
PSNS-647-165-9A-B13 NC22SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 100  %REC 
PSNS-647-165-9A-B13 NC22SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 147 & %REC 
PSNS-647-165-9A-B13 NC22SDG015 Dibromo-octafluoro-biphenyl 96  %REC 
PSNS-647-165-9A-B67 NC34SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
PSNS-647-165-9A-B67 NC34SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 118  %REC 
PSNS-647-165-9A-B67 NC34SDG004 Dibromo-octafluoro-biphenyl 73  %REC 











 



 
 



C-136



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
PSNS-647-165-9A-T1 NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 101  %REC 
PSNS-647-165-9A-T1 NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
PSNS-647-165-9A-T1 NC22SDG002 Dibromo-octafluoro-biphenyl 96  %REC 
PSNS-647-165-9A-T11 NC22SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 104  %REC 
PSNS-647-165-9A-T11 NC22SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 128 & %REC 
PSNS-647-165-9A-T11 NC22SDG002 Dibromo-octafluoro-biphenyl 98  %REC 
PSNS-647-165-9A-T13 NC22SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 109  %REC 
PSNS-647-165-9A-T13 NC22SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 142 & %REC 
PSNS-647-165-9A-T13 NC22SDG003 Dibromo-octafluoro-biphenyl 85  %REC 
PSNS-647-165-9A-T16 NC22SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 90  %REC 
PSNS-647-165-9A-T16 NC22SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 113  %REC 
PSNS-647-165-9A-T16 NC22SDG005 Dibromo-octafluoro-biphenyl 77  %REC 
PSNS-647-165-9A-T18 NC22SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 101  %REC 
PSNS-647-165-9A-T18 NC22SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 118  %REC 
PSNS-647-165-9A-T18 NC22SDG008 Dibromo-octafluoro-biphenyl 99  %REC 
PSNS-647-165-9A-T23 NC22SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
PSNS-647-165-9A-T23 NC22SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
PSNS-647-165-9A-T23 NC22SDG012 Dibromo-octafluoro-biphenyl 83  %REC 
PSNS-647-165-9A-T25 NC22SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 87  %REC 
PSNS-647-165-9A-T25 NC22SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 105  %REC 
PSNS-647-165-9A-T25 NC22SDG017 Dibromo-octafluoro-biphenyl 74  %REC 
PSNS-647-165-9A-T28 NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 102  %REC 
PSNS-647-165-9A-T28 NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 126 & %REC 
PSNS-647-165-9A-T28 NC22SDG022 Dibromo-octafluoro-biphenyl 76  %REC 
PSNS-647-165-9A-T31 NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
PSNS-647-165-9A-T31 NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 137 & %REC 
PSNS-647-165-9A-T31 NC22SDG026 Dibromo-octafluoro-biphenyl 75  %REC 
PSNS-647-165-9A-T35 NC28SDG004 103 - 2,2',4,5',6-Pentachlorobiphenyl 82  %REC 
PSNS-647-165-9A-T35 NC28SDG004 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 122  %REC 
PSNS-647-165-9A-T35 NC28SDG004 Dibromo-octafluoro-biphenyl 67  %REC 
PSNS-647-165-9A-T38 NC28SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
PSNS-647-165-9A-T38 NC28SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 115  %REC 
PSNS-647-165-9A-T38 NC28SDG009 Dibromo-octafluoro-biphenyl 62  %REC 
PSNS-647-165-9A-T41 NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 72  %REC 
PSNS-647-165-9A-T41 NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 107  %REC 
PSNS-647-165-9A-T41 NC28SDG011 Dibromo-octafluoro-biphenyl 52  %REC 











 



 
 



C-137



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
PSNS-647-165-9A-T44 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 67  %REC 
PSNS-647-165-9A-T44 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 118  %REC 
PSNS-647-165-9A-T44 NC28SDG016 Dibromo-octafluoro-biphenyl 50  %REC 
PSNS-647-165-9A-T46 NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 101  %REC 
PSNS-647-165-9A-T46 NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 100  %REC 
PSNS-647-165-9A-T46 NC28SDG022 Dibromo-octafluoro-biphenyl 74  %REC 
PSNS-647-165-9A-T48 NC34SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 107  %REC 
PSNS-647-165-9A-T48 NC34SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 112  %REC 
PSNS-647-165-9A-T48 NC34SDG003 Dibromo-octafluoro-biphenyl 82  %REC 
PSNS-647-165-9B NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 111  %REC 
PSNS-647-165-9B NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 48  %REC 
PSNS-647-165-9B NC22SDG053 Dibromo-octafluoro-biphenyl 67  %REC 
PSNS-647-165-9B PAINT CHIPS NC22SDG053 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
PSNS-647-165-9B PAINT CHIPS NC22SDG053 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 64  %REC 
PSNS-647-165-9B PAINT CHIPS NC22SDG053 Dibromo-octafluoro-biphenyl 76  %REC 
PSNS-647-165-9D NC34SDG006 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
PSNS-647-165-9D NC34SDG006 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
PSNS-647-165-9D NC34SDG006 Dibromo-octafluoro-biphenyl 0 & %REC 
PSNS-647-165-9D-B58 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 73  %REC 
PSNS-647-165-9D-B58 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 81  %REC 
PSNS-647-165-9D-B58 NC34SDG005 Dibromo-octafluoro-biphenyl 70  %REC 
PSNS-647-165-9D-T1 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 63  %REC 
PSNS-647-165-9D-T1 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
PSNS-647-165-9D-T1 NC22SDG013 Dibromo-octafluoro-biphenyl 36 & %REC 
PSNS-647-165-9D-T11 NC22SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 85  %REC 
PSNS-647-165-9D-T11 NC22SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 133 & %REC 
PSNS-647-165-9D-T11 NC22SDG016 Dibromo-octafluoro-biphenyl 74  %REC 
PSNS-647-165-9D-T13 NC22SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
PSNS-647-165-9D-T13 NC22SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 95  %REC 
PSNS-647-165-9D-T13 NC22SDG019 Dibromo-octafluoro-biphenyl 63  %REC 
PSNS-647-165-9D-T15 NC22SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 94  %REC 
PSNS-647-165-9D-T15 NC22SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 150 & %REC 
PSNS-647-165-9D-T15 NC22SDG022 Dibromo-octafluoro-biphenyl 69  %REC 
PSNS-647-165-9D-T18 NC22SDG026 103 - 2,2',4,5',6-Pentachlorobiphenyl 96  %REC 
PSNS-647-165-9D-T18 NC22SDG026 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 156 & %REC 
PSNS-647-165-9D-T18 NC22SDG026 Dibromo-octafluoro-biphenyl 79  %REC 











 



 
 



C-138



Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
PSNS-647-165-9D-T21 NC28SDG003 103 - 2,2',4,5',6-Pentachlorobiphenyl 107  %REC 
PSNS-647-165-9D-T21 NC28SDG003 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 137 & %REC 
PSNS-647-165-9D-T21 NC28SDG003 Dibromo-octafluoro-biphenyl 92  %REC 
PSNS-647-165-9D-T24 NC28SDG008 103 - 2,2',4,5',6-Pentachlorobiphenyl 80  %REC 
PSNS-647-165-9D-T24 NC28SDG008 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 109  %REC 
PSNS-647-165-9D-T24 NC28SDG008 Dibromo-octafluoro-biphenyl 67  %REC 
PSNS-647-165-9D-T27 NC28SDG011 103 - 2,2',4,5',6-Pentachlorobiphenyl 63  %REC 
PSNS-647-165-9D-T27 NC28SDG011 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 114  %REC 
PSNS-647-165-9D-T27 NC28SDG011 Dibromo-octafluoro-biphenyl 40 & %REC 
PSNS-647-165-9D-T31 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 59  %REC 
PSNS-647-165-9D-T31 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 123  %REC 
PSNS-647-165-9D-T31 NC28SDG016 Dibromo-octafluoro-biphenyl 36 & %REC 
PSNS-647-165-9D-T32 NC28SDG022 103 - 2,2',4,5',6-Pentachlorobiphenyl 101  %REC 
PSNS-647-165-9D-T32 NC28SDG022 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 139 & %REC 
PSNS-647-165-9D-T32 NC28SDG022 Dibromo-octafluoro-biphenyl 86  %REC 
PSNS-647-165-9D-T34 NC34SDG005 103 - 2,2',4,5',6-Pentachlorobiphenyl 70  %REC 
PSNS-647-165-9D-T34 NC34SDG005 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 106  %REC 
PSNS-647-165-9D-T34 NC34SDG005 Dibromo-octafluoro-biphenyl 50  %REC 
PSNS-647-165-9D-T7 NC22SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 91  %REC 
PSNS-647-165-9D-T7 NC22SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 143 & %REC 
PSNS-647-165-9D-T7 NC22SDG013 Dibromo-octafluoro-biphenyl 63  %REC 
PSNS-647-165-9D-T9 NC22SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
PSNS-647-165-9D-T9 NC22SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 110  %REC 
PSNS-647-165-9D-T9 NC22SDG014 Dibromo-octafluoro-biphenyl 73  %REC 
PSNS-647-165-9E-B32 NC34SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
PSNS-647-165-9E-B32 NC34SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 111  %REC 
PSNS-647-165-9E-B32 NC34SDG009 Dibromo-octafluoro-biphenyl 91  %REC 
PSNS-647-165-9E-B44 CSC81SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 0 & %REC 
PSNS-647-165-9E-B44 CSC81SDG002 103 - 2,2',4,5',6-Pentachlorobiphenyl 1215 & %REC 
PSNS-647-165-9E-B44 CSC81SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 0 & %REC 
PSNS-647-165-9E-B44 CSC81SDG002 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 674 & %REC 
PSNS-647-165-9E-B44 CSC81SDG002 Dibromo-octafluoro-biphenyl 0 & %REC 
PSNS-647-165-9E-B44 CSC81SDG002 Dibromo-octafluoro-biphenyl 521 & %REC 
PSNS-647-165-9E-T1 NC28SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 79  %REC 
PSNS-647-165-9E-T1 NC28SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 125  %REC 
PSNS-647-165-9E-T1 NC28SDG012 Dibromo-octafluoro-biphenyl 73  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
PSNS-647-165-9E-T11 NC28SDG016 103 - 2,2',4,5',6-Pentachlorobiphenyl 65  %REC 
PSNS-647-165-9E-T11 NC28SDG016 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 114  %REC 
PSNS-647-165-9E-T11 NC28SDG016 Dibromo-octafluoro-biphenyl 45  %REC 
PSNS-647-165-9E-T13 NC28SDG017 103 - 2,2',4,5',6-Pentachlorobiphenyl 83  %REC 
PSNS-647-165-9E-T13 NC28SDG017 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
PSNS-647-165-9E-T13 NC28SDG017 Dibromo-octafluoro-biphenyl 87  %REC 
PSNS-647-165-9E-T15 NC28SDG018 103 - 2,2',4,5',6-Pentachlorobiphenyl 174 & %REC 
PSNS-647-165-9E-T15 NC28SDG018 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 237 & %REC 
PSNS-647-165-9E-T15 NC28SDG018 Dibromo-octafluoro-biphenyl 192 & %REC 
PSNS-647-165-9E-T17 NC28SDG019 103 - 2,2',4,5',6-Pentachlorobiphenyl 58  %REC 
PSNS-647-165-9E-T17 NC28SDG019 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 71  %REC 
PSNS-647-165-9E-T17 NC28SDG019 Dibromo-octafluoro-biphenyl 45  %REC 
PSNS-647-165-9E-T19 NC28SDG021 103 - 2,2',4,5',6-Pentachlorobiphenyl 89  %REC 
PSNS-647-165-9E-T19 NC28SDG021 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 116  %REC 
PSNS-647-165-9E-T19 NC28SDG021 Dibromo-octafluoro-biphenyl 76  %REC 
PSNS-647-165-9E-T21 NC34SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 124  %REC 
PSNS-647-165-9E-T21 NC34SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 182 & %REC 
PSNS-647-165-9E-T21 NC34SDG001 Dibromo-octafluoro-biphenyl 102  %REC 
PSNS-647-165-9E-T25 NC34SDG007 103 - 2,2',4,5',6-Pentachlorobiphenyl 100  %REC 
PSNS-647-165-9E-T25 NC34SDG007 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 148 & %REC 
PSNS-647-165-9E-T25 NC34SDG007 Dibromo-octafluoro-biphenyl 62  %REC 
PSNS-647-165-9E-T26 NC34SDG009 103 - 2,2',4,5',6-Pentachlorobiphenyl 107  %REC 
PSNS-647-165-9E-T26 NC34SDG009 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 110  %REC 
PSNS-647-165-9E-T26 NC34SDG009 Dibromo-octafluoro-biphenyl 86  %REC 
PSNS-647-165-9E-T28 NC34SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 97  %REC 
PSNS-647-165-9E-T28 NC34SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 123  %REC 
PSNS-647-165-9E-T28 NC34SDG012 Dibromo-octafluoro-biphenyl 84  %REC 
PSNS-647-165-9E-T3 NC28SDG012 103 - 2,2',4,5',6-Pentachlorobiphenyl 93  %REC 
PSNS-647-165-9E-T3 NC28SDG012 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
PSNS-647-165-9E-T3 NC28SDG012 Dibromo-octafluoro-biphenyl 90  %REC 
PSNS-647-165-9E-T30 CSC81SDG001 103 - 2,2',4,5',6-Pentachlorobiphenyl 92  %REC 
PSNS-647-165-9E-T30 CSC81SDG001 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 124  %REC 
PSNS-647-165-9E-T30 CSC81SDG001 Dibromo-octafluoro-biphenyl 77  %REC 
PSNS-647-165-9E-T5 NC28SDG013 103 - 2,2',4,5',6-Pentachlorobiphenyl 98  %REC 
PSNS-647-165-9E-T5 NC28SDG013 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 141 & %REC 
PSNS-647-165-9E-T5 NC28SDG013 Dibromo-octafluoro-biphenyl 81  %REC 
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Sample ID Sample Delivery Group Analyte Raw result Qualifier Units 
PSNS-647-165-9E-T7 NC28SDG014 103 - 2,2',4,5',6-Pentachlorobiphenyl 84  %REC 
PSNS-647-165-9E-T7 NC28SDG014 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 109  %REC 
PSNS-647-165-9E-T7 NC28SDG014 Dibromo-octafluoro-biphenyl 82  %REC 
PSNS-647-165-9E-T9 NC28SDG015 103 - 2,2',4,5',6-Pentachlorobiphenyl 101  %REC 
PSNS-647-165-9E-T9 NC28SDG015 198 - 2,2',3,3',4,5,5',6-Octachlorobiphenyl 151 & %REC 
PSNS-647-165-9E-T9 NC28SDG015 Dibromo-octafluoro-biphenyl 107  %REC 
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Analytical QA/QC Data 
 
 Laboratory batch QA/QC data are tabulated below for analytical instrument reference standard (IRM), analytical laboratory blank spike (BS), 
analytical laboratory blank spike duplicates (BSD), and analytical laboratory procedural blanks (PB). Flags are included in these tables, for which a 
listing of data qualifiers (flags) and meanings is included at the end of APPENDIX B. Analyses for these samples were performed for all PCB-
LRS analytes and surrogate analytes, just as with leachate samples. Results are sorted by laboratory batch/sample delivery group (SDG). 
 
 
Analytical Blank Spike (BS) Data 
 
Sample Delivery 
Group 



Sample 
Size 



Size Units Analyte Min 
Reporting 



Limit 



Min 
Detection 



Limit 



Units Raw result Qualifier QC Result QC Units 



CSC81SDG001 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 45  90 %REC 
CSC81SDG001 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG001 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 48  96 %REC 
CSC81SDG001 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
CSC81SDG001 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
CSC81SDG001 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 42  84 %REC 
CSC81SDG001 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG001 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 52  104 %REC 
CSC81SDG001 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
CSC81SDG001 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 53  106 %REC 
CSC81SDG001 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
CSC81SDG001 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
CSC81SDG001 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
CSC81SDG001 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
CSC81SDG001 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
CSC81SDG001 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 54  108 %REC 
CSC81SDG001 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
CSC81SDG001 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 47  94 %REC 
CSC81SDG001 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
CSC81SDG001 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
CSC81SDG001 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG001 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
CSC81SDG001 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG001 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 56  112 %REC 
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Sample Delivery 
Group 



Sample 
Size 



Size Units Analyte Min 
Reporting 



Limit 



Min 
Detection 



Limit 



Units Raw result Qualifier QC Result QC Units 



CSC81SDG001 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
CSC81SDG001 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
CSC81SDG001 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
CSC81SDG001 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
CSC81SDG001 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
CSC81SDG001 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 57  114 %REC 
CSC81SDG001 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 51  102 %REC 
CSC81SDG002 1  8 - 2,4'-Dichlorobiphenyl 10 0.74 ng 24  24 %REC 
CSC81SDG002 1  18 - 2,2',5-Trichlorobiphenyl 10 0.86 ng 0 ND 0  
CSC81SDG002 1  28 - 2,4,4'-Trichlorobiphenyl 10 0.91 ng 46  46 %REC 
CSC81SDG002 1  44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.74 ng 0 ND 0  
CSC81SDG002 1  49 - 2,2',4,5'-Tetrachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.94 ng 50  50 %REC 
CSC81SDG002 1  66 - 2,3',4,4'-Tetrachlorobiphenyl 10 1.1 ng 0 ND 0  
CSC81SDG002 1  77 - 3,3',4,4'-Tetrachlorobiphenyl 10 1.4 ng 58  58 %REC 
CSC81SDG002 1  87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.81 ng 64  64 %REC 
CSC81SDG002 1  105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 1.3 ng 0 ND 0  
CSC81SDG002 1  114 - 2,3,4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  118 - 2,3',4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  123 - 2',3,4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  126 - 3,3',4,4',5-Pentachlorobiphenyl 10 2.9 ng 0 ND 0  
CSC81SDG002 1  128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 1.4 ng 60  60 %REC 
CSC81SDG002 1  138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 10 1.9 ng 0 ND 0  
CSC81SDG002 1  153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 10 1.5 ng 58  58 %REC 
CSC81SDG002 1  156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.9 ng 0 ND 0  
CSC81SDG002 1  180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 1.9 ng 59  59 %REC 
CSC81SDG002 1  183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.86 ng 0 ND 0  
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Sample Delivery 
Group 



Sample 
Size 



Size Units Analyte Min 
Reporting 



Limit 



Min 
Detection 



Limit 



Units Raw result Qualifier QC Result QC Units 



CSC81SDG002 1  189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 1.3 ng 0 ND 0  
CSC81SDG002 1  206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 2.2 ng 57  57 %REC 
CSC81SDG002 1  209 - Decachlorobiphenyl 10 1.5 ng 60  60 %REC 
CSC81SDG004 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 51  102 %REC 
CSC81SDG004 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG004 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 56  112 %REC 
CSC81SDG004 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
CSC81SDG004 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
CSC81SDG004 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 53  106 %REC 
CSC81SDG004 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG004 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 64  128 %REC 
CSC81SDG004 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
CSC81SDG004 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 66  132 %REC 
CSC81SDG004 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
CSC81SDG004 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
CSC81SDG004 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0.22 J 0  
CSC81SDG004 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
CSC81SDG004 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
CSC81SDG004 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 68  136 %REC 
CSC81SDG004 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
CSC81SDG004 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 59  118 %REC 
CSC81SDG004 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
CSC81SDG004 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
CSC81SDG004 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG004 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
CSC81SDG004 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG004 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 66  132 %REC 
CSC81SDG004 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
CSC81SDG004 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
CSC81SDG004 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
CSC81SDG004 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
CSC81SDG004 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
CSC81SDG004 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 65  130 %REC 
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Sample Delivery 
Group 



Sample 
Size 



Size Units Analyte Min 
Reporting 



Limit 



Min 
Detection 



Limit 



Units Raw result Qualifier QC Result QC Units 



CSC81SDG004 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 59  118 %REC 
CSC81SDG005 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 51  102 %REC 
CSC81SDG005 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG005 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 54  108 %REC 
CSC81SDG005 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG005 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
CSC81SDG005 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 48  96 %REC 
CSC81SDG005 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG005 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 48  96 %REC 
CSC81SDG005 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG005 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 59  118 %REC 
CSC81SDG005 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
CSC81SDG005 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
CSC81SDG005 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
CSC81SDG005 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG005 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG005 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 52  104 %REC 
CSC81SDG005 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
CSC81SDG005 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 51  102 %REC 
CSC81SDG005 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
CSC81SDG005 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
CSC81SDG005 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG005 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
CSC81SDG005 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG005 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 50  100 %REC 
CSC81SDG005 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
CSC81SDG005 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
CSC81SDG005 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
CSC81SDG005 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
CSC81SDG005 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
CSC81SDG005 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 51  102 %REC 
CSC81SDG005 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 53  106 %REC 
CSC81SDG006 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 66  132 %REC 
CSC81SDG006 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
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Sample Delivery 
Group 



Sample 
Size 



Size Units Analyte Min 
Reporting 



Limit 



Min 
Detection 



Limit 



Units Raw result Qualifier QC Result QC Units 



CSC81SDG006 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 70  140 %REC 
CSC81SDG006 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG006 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
CSC81SDG006 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 66  132 %REC 
CSC81SDG006 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG006 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 64  128 %REC 
CSC81SDG006 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG006 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 72  144 %REC 
CSC81SDG006 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
CSC81SDG006 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
CSC81SDG006 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
CSC81SDG006 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG006 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG006 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 65  130 %REC 
CSC81SDG006 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
CSC81SDG006 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 64  128 %REC 
CSC81SDG006 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
CSC81SDG006 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
CSC81SDG006 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG006 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
CSC81SDG006 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG006 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 66  132 %REC 
CSC81SDG006 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
CSC81SDG006 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
CSC81SDG006 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
CSC81SDG006 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
CSC81SDG006 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
CSC81SDG006 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 70  140 %REC 
CSC81SDG006 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 71  142 %REC 
CSC81SDG007 0.05 L 8 - 2,4'-Dichlorobiphenyl 100 8.4 ng/L 940  94 %REC 
CSC81SDG007 0.05 L 18 - 2,2',5-Trichlorobiphenyl 100 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 28 - 2,4,4'-Trichlorobiphenyl 200 10 ng/L 950  0  
CSC81SDG007 0.05 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ng/L 0 ND 0  
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CSC81SDG007 0.05 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 200 5.9 ng/L 1100  0  
CSC81SDG007 0.05 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ng/L 800  80 %REC 
CSC81SDG007 0.05 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ng/L 0 ND 0  
CSC81SDG007 0.05 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ng/L 1100  110 %REC 
CSC81SDG007 0.05 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ng/L 0 ND 0  
CSC81SDG007 0.05 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ng/L 0 ND 0  
CSC81SDG007 0.05 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ng/L 0 ND 0  
CSC81SDG007 0.05 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ng/L 770  77 %REC 
CSC81SDG007 0.05 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ng/L 0 ND 0  
CSC81SDG007 0.05 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 300 5.4 ng/L 870  0  
CSC81SDG007 0.05 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ng/L 0 ND 0  
CSC81SDG007 0.05 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 200 12 ng/L 0 ND 0  
CSC81SDG007 0.05 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ng/L 0 ND 0  
CSC81SDG007 0.05 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 200 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 200 13 ng/L 690  0  
CSC81SDG007 0.05 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ng/L 0 ND 0  
CSC81SDG007 0.05 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ng/L 0 ND 0  
CSC81SDG007 0.05 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 200 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ng/L 0 ND 0  
CSC81SDG007 0.05 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ng/L 0 ND 0  
CSC81SDG007 0.05 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ng/L 710  71 %REC 
CSC81SDG007 0.05 L 209 - Decachlorobiphenyl 100 11 ng/L 840  84 %REC 
CSC81SDG008 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 51  102 %REC 
CSC81SDG008 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG008 1 L 28 - 2,4,4'-Trichlorobiphenyl 10 0.53 ng/L 51  102 %REC 
CSC81SDG008 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG008 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
CSC81SDG008 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.29 ng/L 60  120 %REC 
CSC81SDG008 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG008 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 53  106 %REC 
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CSC81SDG008 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG008 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 56  112 %REC 
CSC81SDG008 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
CSC81SDG008 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
CSC81SDG008 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
CSC81SDG008 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG008 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG008 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 43  86 %REC 
CSC81SDG008 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
CSC81SDG008 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 15 0.27 ng/L 48  96 %REC 
CSC81SDG008 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
CSC81SDG008 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 0.61 ng/L 0 ND 0  
CSC81SDG008 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG008 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
CSC81SDG008 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG008 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 0.65 ng/L 41  82 %REC 
CSC81SDG008 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
CSC81SDG008 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
CSC81SDG008 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.65 ng/L 0 ND 0  
CSC81SDG008 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
CSC81SDG008 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
CSC81SDG008 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 48  96 %REC 
CSC81SDG008 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 50  100 %REC 
CSC81SDG009 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 59  118 %REC 
CSC81SDG009 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG009 1 L 28 - 2,4,4'-Trichlorobiphenyl 10 0.53 ng/L 56  112 %REC 
CSC81SDG009 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG009 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
CSC81SDG009 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.29 ng/L 58  116 %REC 
CSC81SDG009 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG009 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 54  108 %REC 
CSC81SDG009 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG009 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 65  130 %REC 
CSC81SDG009 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
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CSC81SDG009 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
CSC81SDG009 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
CSC81SDG009 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG009 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG009 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 52  104 %REC 
CSC81SDG009 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
CSC81SDG009 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 15 0.27 ng/L 59  118 %REC 
CSC81SDG009 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
CSC81SDG009 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 0.61 ng/L 0 ND 0  
CSC81SDG009 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG009 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
CSC81SDG009 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG009 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 0.65 ng/L 45  90 %REC 
CSC81SDG009 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
CSC81SDG009 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
CSC81SDG009 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.65 ng/L 0 ND 0  
CSC81SDG009 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
CSC81SDG009 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
CSC81SDG009 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 55  110 %REC 
CSC81SDG009 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 57  114 %REC 
CSC81SDG010 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 57  114 %REC 
CSC81SDG010 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG010 1 L 28 - 2,4,4'-Trichlorobiphenyl 10 0.53 ng/L 56  112 %REC 
CSC81SDG010 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG010 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
CSC81SDG010 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.29 ng/L 57  114 %REC 
CSC81SDG010 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG010 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 53  106 %REC 
CSC81SDG010 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG010 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 56  112 %REC 
CSC81SDG010 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
CSC81SDG010 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
CSC81SDG010 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
CSC81SDG010 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
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CSC81SDG010 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG010 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 48  96 %REC 
CSC81SDG010 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
CSC81SDG010 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 15 0.27 ng/L 56  112 %REC 
CSC81SDG010 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
CSC81SDG010 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 0.61 ng/L 0 ND 0  
CSC81SDG010 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG010 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
CSC81SDG010 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG010 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 0.65 ng/L 45  90 %REC 
CSC81SDG010 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
CSC81SDG010 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
CSC81SDG010 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.65 ng/L 0 ND 0  
CSC81SDG010 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
CSC81SDG010 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
CSC81SDG010 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 45  90 %REC 
CSC81SDG010 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 47  94 %REC 
CSC81SDG011 1 L 8 - 2,4'-Dichlorobiphenyl 10 0.42 ng/L 52  104 %REC 
CSC81SDG011 1 L 18 - 2,2',5-Trichlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG011 1 L 28 - 2,4,4'-Trichlorobiphenyl 20 0.53 ng/L 51  102 %REC 
CSC81SDG011 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.67 ng/L 0 ND 0  
CSC81SDG011 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 10 0.75 ng/L 0 ND 0  
CSC81SDG011 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 20 0.29 ng/L 55  110 %REC 
CSC81SDG011 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG011 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 10 0.56 ng/L 49  98 %REC 
CSC81SDG011 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 0.77 ng/L 0 ND 0  
CSC81SDG011 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.36 ng/L 51  102 %REC 
CSC81SDG011 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 0.41 ng/L 0 ND 0  
CSC81SDG011 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 10 0.68 ng/L 0 ND 0  
CSC81SDG011 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 10 0.66 ng/L 0 ND 0  
CSC81SDG011 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 10 0.77 ng/L 0 ND 0  
CSC81SDG011 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 10 0.67 ng/L 0 ND 0  
CSC81SDG011 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 0.25 ng/L 45  90 %REC 
CSC81SDG011 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 10 0.55 ng/L 0 ND 0  
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CSC81SDG011 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 30 0.27 ng/L 52  104 %REC 
CSC81SDG011 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 0.62 ng/L 0 ND 0  
CSC81SDG011 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 20 0.61 ng/L 0 ND 0  
CSC81SDG011 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG011 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 0.59 ng/L 0 ND 0  
CSC81SDG011 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 20 0.64 ng/L 0 ND 0  
CSC81SDG011 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 20 0.65 ng/L 43  86 %REC 
CSC81SDG011 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 0.37 ng/L 0 ND 0  
CSC81SDG011 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 0.5 ng/L 0 ND 0  
CSC81SDG011 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 20 0.65 ng/L 0 ND 0  
CSC81SDG011 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 0.71 ng/L 0 ND 0  
CSC81SDG011 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 0.58 ng/L 0 ND 0  
CSC81SDG011 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 0.23 ng/L 50  100 %REC 
CSC81SDG011 1 L 209 - Decachlorobiphenyl 10 0.57 ng/L 52  104 %REC 
CSC81SDG012 1 L 8 - 2,4'-Dichlorobiphenyl 10 0.42 ng/L 49  98 %REC 
CSC81SDG012 1 L 18 - 2,2',5-Trichlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG012 1 L 28 - 2,4,4'-Trichlorobiphenyl 20 0.53 ng/L 50  100 %REC 
CSC81SDG012 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.67 ng/L 0 ND 0  
CSC81SDG012 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 10 0.75 ng/L 0 ND 0  
CSC81SDG012 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 20 0.29 ng/L 54  108 %REC 
CSC81SDG012 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG012 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 10 0.56 ng/L 56  112 %REC 
CSC81SDG012 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 0.77 ng/L 0 ND 0  
CSC81SDG012 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.36 ng/L 56  112 %REC 
CSC81SDG012 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 0.41 ng/L 0 ND 0  
CSC81SDG012 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 10 0.68 ng/L 0 ND 0  
CSC81SDG012 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 10 0.66 ng/L 0 ND 0  
CSC81SDG012 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 20 0.77 ng/L 0 ND 0  
CSC81SDG012 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 10 0.67 ng/L 0 ND 0  
CSC81SDG012 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 0.25 ng/L 53  106 %REC 
CSC81SDG012 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 20 0.55 ng/L 0 ND 0  
CSC81SDG012 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 30 0.27 ng/L 56  112 %REC 
CSC81SDG012 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 0.62 ng/L 0 ND 0  
CSC81SDG012 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 20 0.61 ng/L 0 ND 0  
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CSC81SDG012 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG012 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 0.59 ng/L 0 ND 0  
CSC81SDG012 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 20 0.64 ng/L 0 ND 0  
CSC81SDG012 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 20 0.65 ng/L 47  94 %REC 
CSC81SDG012 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 0.37 ng/L 0 ND 0  
CSC81SDG012 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 0.5 ng/L 0 ND 0  
CSC81SDG012 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 20 0.65 ng/L 0 ND 0  
CSC81SDG012 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 0.71 ng/L 0 ND 0  
CSC81SDG012 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 0.58 ng/L 0 ND 0  
CSC81SDG012 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 0.23 ng/L 57  114 %REC 
CSC81SDG012 1 L 209 - Decachlorobiphenyl 10 0.57 ng/L 56  112 %REC 
CSC81SDG013 1  8 - 2,4'-Dichlorobiphenyl 20 2.4 ng 100  100 %REC 
CSC81SDG013 1  18 - 2,2',5-Trichlorobiphenyl 20 2.9 ng 0 ND 0  
CSC81SDG013 1  28 - 2,4,4'-Trichlorobiphenyl 40 3 ng 99  99 %REC 
CSC81SDG013 1  44 - 2,2',3,5'-Tetrachlorobiphenyl 20 2.5 ng 0 ND 0  
CSC81SDG013 1  49 - 2,2',4,5'-Tetrachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  52 - 2,2',5,5'-Tetrachlorobiphenyl 40 3.2 ng 110  110 %REC 
CSC81SDG013 1  66 - 2,3',4,4'-Tetrachlorobiphenyl 20 3.6 ng 0 ND 0  
CSC81SDG013 1  77 - 3,3',4,4'-Tetrachlorobiphenyl 20 4.6 ng 110  110 %REC 
CSC81SDG013 1  87 - 2,2',3,4,5'-Pentachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  101 - 2,2',4,5,5'-Pentachlorobiphenyl 20 2.7 ng 120  120 %REC 
CSC81SDG013 1  105 - 2,3,3',4,4'-Pentachlorobiphenyl 20 4.4 ng 0 ND 0  
CSC81SDG013 1  114 - 2,3,4,4',5-Pentachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  118 - 2,3',4,4',5-Pentachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  123 - 2',3,4,4',5-Pentachlorobiphenyl 40 6.7 ng 0 ND 0  
CSC81SDG013 1  126 - 3,3',4,4',5-Pentachlorobiphenyl 20 9.7 ng 0 ND 0  
CSC81SDG013 1  128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 20 4.7 ng 100  100 %REC 
CSC81SDG013 1  138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 40 6.5 ng 0 ND 0  
CSC81SDG013 1  153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 60 5 ng 110  110 %REC 
CSC81SDG013 1  156 - 2,3,3',4,4',5-Hexachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 40 6.7 ng 0 ND 0  
CSC81SDG013 1  167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 40 3 ng 0 ND 0  
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CSC81SDG013 1  180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 40 6.5 ng 96  96 %REC 
CSC81SDG013 1  183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 40 2.8 ng 0 ND 0  
CSC81SDG013 1  189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 20 4.4 ng 0 ND 0  
CSC81SDG013 1  206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 20 7.4 ng 110  110 %REC 
CSC81SDG013 1  209 - Decachlorobiphenyl 20 5.1 ng 110  110 %REC 
CSC81SDG014 1 L 8 - 2,4'-Dichlorobiphenyl 10 0.42 ng/L 65  130 %REC 
CSC81SDG014 1 L 18 - 2,2',5-Trichlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG014 1 L 28 - 2,4,4'-Trichlorobiphenyl 20 0.53 ng/L 54  108 %REC 
CSC81SDG014 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.67 ng/L 0 ND 0  
CSC81SDG014 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 10 0.75 ng/L 0 ND 0  
CSC81SDG014 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 20 0.29 ng/L 59  118 %REC 
CSC81SDG014 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG014 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 10 0.56 ng/L 56  112 %REC 
CSC81SDG014 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 0.77 ng/L 0 ND 0  
CSC81SDG014 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.36 ng/L 64  128 %REC 
CSC81SDG014 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 0.41 ng/L 0 ND 0  
CSC81SDG014 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 10 0.68 ng/L 0 ND 0  
CSC81SDG014 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 10 0.66 ng/L 0 ND 0  
CSC81SDG014 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 20 0.77 ng/L 0 ND 0  
CSC81SDG014 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 10 0.67 ng/L 0 ND 0  
CSC81SDG014 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 0.25 ng/L 56  112 %REC 
CSC81SDG014 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 20 0.55 ng/L 0 ND 0  
CSC81SDG014 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 30 0.27 ng/L 57  114 %REC 
CSC81SDG014 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 0.62 ng/L 0 ND 0  
CSC81SDG014 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 20 0.61 ng/L 0 ND 0  
CSC81SDG014 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG014 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 0.59 ng/L 0 ND 0  
CSC81SDG014 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 20 0.64 ng/L 0 ND 0  
CSC81SDG014 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 20 0.65 ng/L 44  88 %REC 
CSC81SDG014 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 0.37 ng/L 0 ND 0  
CSC81SDG014 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 0.5 ng/L 0 ND 0  
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CSC81SDG014 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 20 0.65 ng/L 0 ND 0  
CSC81SDG014 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 0.71 ng/L 0 ND 0  
CSC81SDG014 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 0.58 ng/L 0 ND 0  
CSC81SDG014 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 0.23 ng/L 57  114 %REC 
CSC81SDG014 1 L 209 - Decachlorobiphenyl 10 0.57 ng/L 57  114 %REC 
NC22SDG001 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.84 ng/L 100  100 %REC 
NC22SDG001 1 L 18 - 2,2',5-Trichlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 1 ng/L 96  96 %REC 
NC22SDG001 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG001 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.59 ng/L 99  99 %REC 
NC22SDG001 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 1.1 ng/L 110  110 %REC 
NC22SDG001 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG001 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.72 ng/L 100  100 %REC 
NC22SDG001 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.81 ng/L 0 ND 0  
NC22SDG001 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG001 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG001 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.5 ng/L 100  100 %REC 
NC22SDG001 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 1.1 ng/L 0 ND 0  
NC22SDG001 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.54 ng/L 100  100 %REC 
NC22SDG001 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG001 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG001 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG001 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 1.3 ng/L 110  110 %REC 
NC22SDG001 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.74 ng/L 0 ND 0  
NC22SDG001 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 1 ng/L 0 ND 0  
NC22SDG001 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG001 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 1.2 ng/L 0 ND 0  
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NC22SDG001 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.45 ng/L 110  110 %REC 
NC22SDG001 1 L 209 - Decachlorobiphenyl 5 1.1 ng/L 110  110 %REC 
NC22SDG002 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.84 ng/L 99  99 %REC 
NC22SDG002 1 L 18 - 2,2',5-Trichlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 1 ng/L 98  98 %REC 
NC22SDG002 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG002 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.59 ng/L 98  98 %REC 
NC22SDG002 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 1.1 ng/L 110  110 %REC 
NC22SDG002 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG002 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.72 ng/L 100  100 %REC 
NC22SDG002 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.81 ng/L 0 ND 0  
NC22SDG002 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG002 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG002 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.5 ng/L 95  95 %REC 
NC22SDG002 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 1.1 ng/L 0 ND 0  
NC22SDG002 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.54 ng/L 96  96 %REC 
NC22SDG002 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG002 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG002 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG002 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 1.3 ng/L 110  110 %REC 
NC22SDG002 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.74 ng/L 0 ND 0  
NC22SDG002 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 1 ng/L 0 ND 0  
NC22SDG002 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG002 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG002 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.45 ng/L 110  110 %REC 
NC22SDG002 1 L 209 - Decachlorobiphenyl 5 1.1 ng/L 110  110 %REC 
NC22SDG003 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 98  98 %REC 
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NC22SDG003 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG003 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 99  99 %REC 
NC22SDG003 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG003 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG003 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 100  100 %REC 
NC22SDG003 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG003 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 120  120 %REC 
NC22SDG003 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG003 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 110  110 %REC 
NC22SDG003 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG003 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG003 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG003 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG003 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG003 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 110  110 %REC 
NC22SDG003 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG003 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 110  110 %REC 
NC22SDG003 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG003 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG003 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG003 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG003 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG003 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 130  130 %REC 
NC22SDG003 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG003 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG003 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG003 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG003 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG003 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 120  120 %REC 
NC22SDG003 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 120  120 %REC 
NC22SDG004 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 100  100 %REC 
NC22SDG004 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG004 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 100  100 %REC 
NC22SDG004 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
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NC22SDG004 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG004 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 100  100 %REC 
NC22SDG004 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG004 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 120  120 %REC 
NC22SDG004 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG004 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 110  110 %REC 
NC22SDG004 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG004 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG004 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG004 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG004 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG004 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 110  110 %REC 
NC22SDG004 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG004 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 110  110 %REC 
NC22SDG004 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG004 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG004 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG004 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG004 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG004 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 120  120 %REC 
NC22SDG004 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG004 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG004 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG004 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG004 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG004 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 110  110 %REC 
NC22SDG004 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 110  110 %REC 
NC22SDG005 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 93  93 %REC 
NC22SDG005 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG005 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 100  100 %REC 
NC22SDG005 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG005 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG005 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 100  100 %REC 
NC22SDG005 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
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NC22SDG005 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 120  120 %REC 
NC22SDG005 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG005 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 110  110 %REC 
NC22SDG005 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG005 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG005 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG005 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG005 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG005 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 110  110 %REC 
NC22SDG005 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG005 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 110  110 %REC 
NC22SDG005 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG005 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG005 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG005 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG005 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG005 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 120  120 %REC 
NC22SDG005 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG005 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG005 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG005 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG005 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG005 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 110  110 %REC 
NC22SDG005 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 110  110 %REC 
NC22SDG006 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 47  94 %REC 
NC22SDG006 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG006 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 46  92 %REC 
NC22SDG006 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG006 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG006 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 47  94 %REC 
NC22SDG006 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG006 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 55  110 %REC 
NC22SDG006 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG006 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 48  96 %REC 
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NC22SDG006 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG006 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG006 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG006 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG006 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG006 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 50  100 %REC 
NC22SDG006 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG006 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 50  100 %REC 
NC22SDG006 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG006 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG006 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG006 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG006 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG006 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 51  102 %REC 
NC22SDG006 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG006 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG006 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG006 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG006 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG006 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 50  100 %REC 
NC22SDG006 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 48  96 %REC 
NC22SDG007 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 38  76 %REC 
NC22SDG007 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG007 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 45  90 %REC 
NC22SDG007 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG007 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG007 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 47  94 %REC 
NC22SDG007 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG007 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 54  108 %REC 
NC22SDG007 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG007 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 49  98 %REC 
NC22SDG007 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG007 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG007 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
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NC22SDG007 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG007 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG007 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 48  96 %REC 
NC22SDG007 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG007 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 50  100 %REC 
NC22SDG007 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG007 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG007 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG007 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG007 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG007 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 52  104 %REC 
NC22SDG007 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG007 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG007 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG007 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG007 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG007 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 46  92 %REC 
NC22SDG007 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 48  96 %REC 
NC22SDG008 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 41  82 %REC 
NC22SDG008 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG008 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 43  86 %REC 
NC22SDG008 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG008 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG008 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 42  84 %REC 
NC22SDG008 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG008 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 49  98 %REC 
NC22SDG008 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG008 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 43  86 %REC 
NC22SDG008 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG008 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG008 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG008 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG008 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG008 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 44  88 %REC 
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NC22SDG008 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG008 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 43  86 %REC 
NC22SDG008 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG008 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG008 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG008 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG008 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG008 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 43  86 %REC 
NC22SDG008 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG008 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG008 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG008 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG008 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG008 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 40  80 %REC 
NC22SDG008 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 40  80 %REC 
NC22SDG009 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 46  92 %REC 
NC22SDG009 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG009 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 48  96 %REC 
NC22SDG009 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG009 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG009 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 46  92 %REC 
NC22SDG009 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG009 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 51  102 %REC 
NC22SDG009 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG009 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 47  94 %REC 
NC22SDG009 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG009 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG009 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG009 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG009 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG009 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 48  96 %REC 
NC22SDG009 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG009 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 46  92 %REC 
NC22SDG009 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
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NC22SDG009 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG009 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG009 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG009 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG009 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 48  96 %REC 
NC22SDG009 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG009 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG009 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG009 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG009 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG009 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 47  94 %REC 
NC22SDG009 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 47  94 %REC 
NC22SDG010 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 53  106 %REC 
NC22SDG010 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG010 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 55  110 %REC 
NC22SDG010 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG010 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG010 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 54  108 %REC 
NC22SDG010 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG010 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 61  122 %REC 
NC22SDG010 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG010 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 55  110 %REC 
NC22SDG010 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG010 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG010 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG010 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG010 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG010 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 57  114 %REC 
NC22SDG010 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG010 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 55  110 %REC 
NC22SDG010 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG010 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG010 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG010 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  











 



 
 



C-162



Sample Delivery 
Group 



Sample 
Size 



Size Units Analyte Min 
Reporting 



Limit 



Min 
Detection 



Limit 



Units Raw result Qualifier QC Result QC Units 



NC22SDG010 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG010 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 56  112 %REC 
NC22SDG010 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG010 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG010 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG010 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG010 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG010 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 61  122 %REC 
NC22SDG010 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 57  114 %REC 
NC22SDG011 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 48  96 %REC 
NC22SDG011 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG011 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 47  94 %REC 
NC22SDG011 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG011 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG011 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 45  90 %REC 
NC22SDG011 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG011 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 50  100 %REC 
NC22SDG011 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG011 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 48  96 %REC 
NC22SDG011 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG011 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG011 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG011 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG011 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG011 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 49  98 %REC 
NC22SDG011 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG011 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 48  96 %REC 
NC22SDG011 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG011 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG011 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG011 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG011 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG011 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 53  106 %REC 
NC22SDG011 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
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NC22SDG011 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG011 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG011 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG011 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG011 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 56  112 %REC 
NC22SDG011 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 50  100 %REC 
NC22SDG012 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 56  112 %REC 
NC22SDG012 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG012 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 55  110 %REC 
NC22SDG012 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG012 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG012 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 53  106 %REC 
NC22SDG012 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG012 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 59  118 %REC 
NC22SDG012 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG012 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 56  112 %REC 
NC22SDG012 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG012 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG012 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG012 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG012 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG012 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 51  102 %REC 
NC22SDG012 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG012 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 50  100 %REC 
NC22SDG012 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG012 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG012 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG012 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG012 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG012 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 55  110 %REC 
NC22SDG012 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG012 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG012 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG012 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
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NC22SDG012 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG012 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 57  114 %REC 
NC22SDG012 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 55  110 %REC 
NC22SDG013 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 49  98 %REC 
NC22SDG013 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG013 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 50  100 %REC 
NC22SDG013 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG013 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG013 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 49  98 %REC 
NC22SDG013 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG013 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 51  102 %REC 
NC22SDG013 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG013 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 50  100 %REC 
NC22SDG013 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG013 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG013 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG013 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG013 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG013 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 50  100 %REC 
NC22SDG013 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG013 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 48  96 %REC 
NC22SDG013 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG013 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG013 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG013 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG013 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG013 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 58  116 %REC 
NC22SDG013 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG013 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG013 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG013 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG013 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG013 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 64  128 %REC 
NC22SDG013 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 55  110 %REC 
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NC22SDG014 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 80  80 %REC 
NC22SDG014 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG014 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 80  80 %REC 
NC22SDG014 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG014 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG014 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 80  80 %REC 
NC22SDG014 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG014 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 92  92 %REC 
NC22SDG014 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG014 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 86  86 %REC 
NC22SDG014 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG014 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG014 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG014 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG014 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG014 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 88  88 %REC 
NC22SDG014 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG014 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 88  88 %REC 
NC22SDG014 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG014 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG014 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG014 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG014 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG014 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 100  100 %REC 
NC22SDG014 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG014 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG014 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG014 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG014 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG014 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 100  100 %REC 
NC22SDG014 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 95  95 %REC 
NC22SDG015 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 100  100 %REC 
NC22SDG015 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG015 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 97  97 %REC 
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NC22SDG015 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG015 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG015 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 98  98 %REC 
NC22SDG015 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG015 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 100  100 %REC 
NC22SDG015 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG015 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 100  100 %REC 
NC22SDG015 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG015 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG015 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG015 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG015 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG015 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 97  97 %REC 
NC22SDG015 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG015 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 98  98 %REC 
NC22SDG015 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG015 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG015 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG015 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG015 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG015 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 100  100 %REC 
NC22SDG015 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG015 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG015 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG015 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG015 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG015 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 96  96 %REC 
NC22SDG015 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 90  90 %REC 
NC22SDG016 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 52  104 %REC 
NC22SDG016 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG016 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 52  104 %REC 
NC22SDG016 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG016 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG016 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 51  102 %REC 
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NC22SDG016 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG016 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 57  114 %REC 
NC22SDG016 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG016 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 52  0  
NC22SDG016 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG016 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG016 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG016 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG016 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG016 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 52  104 %REC 
NC22SDG016 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG016 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 50  100 %REC 
NC22SDG016 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG016 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG016 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG016 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG016 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG016 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 60  120 %REC 
NC22SDG016 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG016 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG016 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG016 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG016 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG016 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 62  124 %REC 
NC22SDG016 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 62  0  
NC22SDG017 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 51  102 %REC 
NC22SDG017 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG017 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 51  102 %REC 
NC22SDG017 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG017 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG017 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 50  100 %REC 
NC22SDG017 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG017 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 56  112 %REC 
NC22SDG017 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
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NC22SDG017 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 52  104 %REC 
NC22SDG017 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG017 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG017 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG017 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG017 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG017 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 51  102 %REC 
NC22SDG017 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG017 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 48  96 %REC 
NC22SDG017 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG017 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG017 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG017 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG017 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG017 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 53  106 %REC 
NC22SDG017 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG017 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG017 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG017 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG017 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG017 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 44  88 %REC 
NC22SDG017 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 46  92 %REC 
NC22SDG018 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 54  108 %REC 
NC22SDG018 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG018 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 51  102 %REC 
NC22SDG018 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG018 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG018 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 51  102 %REC 
NC22SDG018 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG018 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 50  100 %REC 
NC22SDG018 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG018 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 48  96 %REC 
NC22SDG018 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG018 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
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NC22SDG018 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG018 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG018 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG018 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 42  84 %REC 
NC22SDG018 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG018 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 47  94 %REC 
NC22SDG018 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG018 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG018 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG018 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG018 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG018 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 54  108 %REC 
NC22SDG018 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG018 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG018 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG018 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG018 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG018 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 60  120 %REC 
NC22SDG018 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 58  116 %REC 
NC22SDG019 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 58  116 %REC 
NC22SDG019 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG019 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 54  108 %REC 
NC22SDG019 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG019 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG019 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 55  110 %REC 
NC22SDG019 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG019 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 58  116 %REC 
NC22SDG019 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG019 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 53  106 %REC 
NC22SDG019 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG019 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG019 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG019 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG019 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
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NC22SDG019 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 56  112 %REC 
NC22SDG019 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG019 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 53  106 %REC 
NC22SDG019 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG019 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG019 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG019 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG019 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG019 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 60  120 %REC 
NC22SDG019 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG019 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG019 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG019 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG019 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG019 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 59  118 %REC 
NC22SDG019 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 58  116 %REC 
NC22SDG020 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 47  94 %REC 
NC22SDG020 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG020 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 45  90 %REC 
NC22SDG020 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG020 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG020 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 45  90 %REC 
NC22SDG020 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG020 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 50  100 %REC 
NC22SDG020 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG020 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 46  92 %REC 
NC22SDG020 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG020 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG020 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG020 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG020 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG020 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 45  90 %REC 
NC22SDG020 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG020 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 45  90 %REC 
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NC22SDG020 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG020 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG020 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG020 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG020 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG020 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 45  90 %REC 
NC22SDG020 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG020 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG020 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG020 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG020 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG020 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 52  104 %REC 
NC22SDG020 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 45  90 %REC 
NC22SDG021 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.84 ng/L 38  76 %REC 
NC22SDG021 1 L 18 - 2,2',5-Trichlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG021 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 1 ng/L 38  76 %REC 
NC22SDG021 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG021 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG021 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.59 ng/L 41  82 %REC 
NC22SDG021 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG021 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 1.1 ng/L 46  92 %REC 
NC22SDG021 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG021 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.72 ng/L 42  84 %REC 
NC22SDG021 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.81 ng/L 0 ND 0  
NC22SDG021 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG021 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG021 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG021 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG021 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.5 ng/L 41  82 %REC 
NC22SDG021 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 1.1 ng/L 0 ND 0  
NC22SDG021 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.54 ng/L 42  84 %REC 
NC22SDG021 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG021 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG021 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 1.3 ng/L 0 ND 0  
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NC22SDG021 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG021 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG021 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 1.3 ng/L 46  92 %REC 
NC22SDG021 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.74 ng/L 0 ND 0  
NC22SDG021 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 1 ng/L 0 ND 0  
NC22SDG021 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG021 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG021 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG021 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.45 ng/L 43  86 %REC 
NC22SDG021 1 L 209 - Decachlorobiphenyl 5 1.1 ng/L 41  82 %REC 
NC22SDG022 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 52  104 %REC 
NC22SDG022 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG022 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 50  100 %REC 
NC22SDG022 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG022 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG022 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 48  96 %REC 
NC22SDG022 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG022 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 49  98 %REC 
NC22SDG022 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG022 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 47  94 %REC 
NC22SDG022 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG022 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG022 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG022 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG022 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG022 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 47  94 %REC 
NC22SDG022 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG022 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 46  92 %REC 
NC22SDG022 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG022 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG022 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG022 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG022 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG022 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 56  112 %REC 
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NC22SDG022 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG022 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG022 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG022 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG022 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG022 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 52  104 %REC 
NC22SDG022 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 53  106 %REC 
NC22SDG023 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 53  106 %REC 
NC22SDG023 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG023 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 49  98 %REC 
NC22SDG023 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG023 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG023 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 50  100 %REC 
NC22SDG023 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG023 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 62  124 %REC 
NC22SDG023 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG023 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 59  118 %REC 
NC22SDG023 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG023 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG023 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG023 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG023 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG023 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 61  122 %REC 
NC22SDG023 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG023 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 61  122 %REC 
NC22SDG023 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG023 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG023 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG023 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG023 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG023 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 65  130 %REC 
NC22SDG023 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG023 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG023 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
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NC22SDG023 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG023 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG023 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 66  132 %REC 
NC22SDG023 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 65  130 %REC 
NC22SDG024 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 47  93 %REC 
NC22SDG024 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG024 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 48  96 %REC 
NC22SDG024 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG024 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG024 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 48  96 %REC 
NC22SDG024 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG024 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 69  138 %REC 
NC22SDG024 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG024 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 62  124 %REC 
NC22SDG024 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG024 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG024 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG024 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG024 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG024 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 63  126 %REC 
NC22SDG024 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG024 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 63  126 %REC 
NC22SDG024 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG024 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG024 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG024 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG024 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG024 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 72  144 %REC 
NC22SDG024 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG024 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG024 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG024 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG024 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG024 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 74  148 %REC 
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NC22SDG024 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 70  140 %REC 
NC22SDG025 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 40  80 %REC 
NC22SDG025 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG025 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 45  90 %REC 
NC22SDG025 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG025 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG025 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 46  92 %REC 
NC22SDG025 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG025 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 63  126 %REC 
NC22SDG025 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG025 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 55  110 %REC 
NC22SDG025 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG025 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG025 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG025 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG025 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG025 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 57  114 %REC 
NC22SDG025 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG025 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 56  112 %REC 
NC22SDG025 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG025 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG025 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG025 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG025 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG025 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 66  132 %REC 
NC22SDG025 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG025 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG025 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG025 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG025 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG025 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 55  110 %REC 
NC22SDG025 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 48  96 %REC 
NC22SDG026 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.84 ng/L 45  90 %REC 
NC22SDG026 1 L 18 - 2,2',5-Trichlorobiphenyl 5 1.3 ng/L 0 ND 0  
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NC22SDG026 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 1 ng/L 46  92 %REC 
NC22SDG026 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG026 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.59 ng/L 48  96 %REC 
NC22SDG026 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 1.1 ng/L 54  108 %REC 
NC22SDG026 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 1.1 ng/L 58  116 %REC 
NC22SDG026 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG026 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.72 ng/L 52  104 %REC 
NC22SDG026 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.72 ng/L 53  106 %REC 
NC22SDG026 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.81 ng/L 0 ND 0  
NC22SDG026 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.81 ng/L 0.22 J 0  
NC22SDG026 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG026 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG026 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.5 ng/L 54  108 %REC 
NC22SDG026 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.5 ng/L 57  114 %REC 
NC22SDG026 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 1.1 ng/L 0 ND 0  
NC22SDG026 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.54 ng/L 52  104 %REC 
NC22SDG026 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.54 ng/L 56  112 %REC 
NC22SDG026 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG026 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG026 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG026 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 1.3 ng/L 58  116 %REC 
NC22SDG026 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 1.3 ng/L 61  122 %REC 
NC22SDG026 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.74 ng/L 0 ND 0  
NC22SDG026 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 1 ng/L 0 ND 0  
NC22SDG026 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG026 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG026 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.45 ng/L 57  114 %REC 
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NC22SDG026 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.45 ng/L 58  116 %REC 
NC22SDG026 1 L 209 - Decachlorobiphenyl 5 1.1 ng/L 58  116 %REC 
NC22SDG050 0.25 g 8 - 2,4'-Dichlorobiphenyl 160 12 ug/Kg 4000  100 %REC 
NC22SDG050 0.25 g 18 - 2,2',5-Trichlorobiphenyl 160 14 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 28 - 2,4,4'-Trichlorobiphenyl 160 14 ug/Kg 3900  98 %REC 
NC22SDG050 0.25 g 44 - 2,2',3,5'-Tetrachlorobiphenyl 160 12 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 49 - 2,2',4,5'-Tetrachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 52 - 2,2',5,5'-Tetrachlorobiphenyl 160 15 ug/Kg 4000  100 %REC 
NC22SDG050 0.25 g 66 - 2,3',4,4'-Tetrachlorobiphenyl 160 17 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 77 - 3,3',4,4'-Tetrachlorobiphenyl 160 22 ug/Kg 4200  105 %REC 
NC22SDG050 0.25 g 87 - 2,2',3,4,5'-Pentachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 101 - 2,2',4,5,5'-Pentachlorobiphenyl 160 13 ug/Kg 4100  103 %REC 
NC22SDG050 0.25 g 105 - 2,3,3',4,4'-Pentachlorobiphenyl 160 21 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 114 - 2,3,4,4',5-Pentachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 118 - 2,3',4,4',5-Pentachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 123 - 2',3,4,4',5-Pentachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 126 - 3,3',4,4',5-Pentachlorobiphenyl 160 47 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 160 22 ug/Kg 4100  103 %REC 
NC22SDG050 0.25 g 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 160 31 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 160 24 ug/Kg 4100  103 %REC 
NC22SDG050 0.25 g 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 160 14 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 160 31 ug/Kg 4600  115 %REC 
NC22SDG050 0.25 g 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 160 14 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 160 21 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 160 36 ug/Kg 5200  124 %REC 
NC22SDG050 0.25 g 209 - Decachlorobiphenyl 160 25 ug/Kg 4600  113 %REC 
NC22SDG053 0.25 g 8 - 2,4'-Dichlorobiphenyl 32 34 ug/Kg 4200  105 %REC 
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NC22SDG053 0.25 g 18 - 2,2',5-Trichlorobiphenyl 32 70 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 28 - 2,4,4'-Trichlorobiphenyl 32 48 ug/Kg 4000  100 %REC 
NC22SDG053 0.25 g 44 - 2,2',3,5'-Tetrachlorobiphenyl 32 24 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 49 - 2,2',4,5'-Tetrachlorobiphenyl 32 53 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 52 - 2,2',5,5'-Tetrachlorobiphenyl 32 21 ug/Kg 4100  102 %REC 
NC22SDG053 0.25 g 66 - 2,3',4,4'-Tetrachlorobiphenyl 32 26 ug/Kg 18 JB 0  
NC22SDG053 0.25 g 77 - 3,3',4,4'-Tetrachlorobiphenyl 32 38 ug/Kg 4800  120 %REC 
NC22SDG053 0.25 g 87 - 2,2',3,4,5'-Pentachlorobiphenyl 32 53 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 101 - 2,2',4,5,5'-Pentachlorobiphenyl 32 19 ug/Kg 4000  99 %REC 
NC22SDG053 0.25 g 105 - 2,3,3',4,4'-Pentachlorobiphenyl 32 22 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 118 - 2,3',4,4',5-Pentachlorobiphenyl 32 26 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 126 - 3,3',4,4',5-Pentachlorobiphenyl 32 59 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 32 26 ug/Kg 4500  112 %REC 
NC22SDG053 0.25 g 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 32 29 ug/Kg 95 B 0  
NC22SDG053 0.25 g 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 32 26 ug/Kg 4800  119 %REC 
NC22SDG053 0.25 g 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 32 53 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 32 53 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 32 100 ug/Kg 550 B 0  
NC22SDG053 0.25 g 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 32 29 ug/Kg 4900  116 %REC 
NC22SDG053 0.25 g 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 32 53 ug/Kg 11 JB 0  
NC22SDG053 0.25 g 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 32 53 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 32 45 ug/Kg 170 B 0  
NC22SDG053 0.25 g 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 32 21 ug/Kg 9.2 JB 0  
NC22SDG053 0.25 g 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 32 18 ug/Kg 5500 B 45 %REC 
NC22SDG053 0.25 g 209 - Decachlorobiphenyl 32 21 ug/Kg 4800 B 90 %REC 
NC22SDG054 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 41  82 %REC 
NC22SDG054 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG054 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 41  82 %REC 
NC22SDG054 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG054 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG054 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 43  86 %REC 
NC22SDG054 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG054 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 46  92 %REC 
NC22SDG054 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
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NC22SDG054 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 46  92 %REC 
NC22SDG054 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG054 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG054 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG054 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG054 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG054 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 45  90 %REC 
NC22SDG054 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG054 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 46  92 %REC 
NC22SDG054 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG054 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG054 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG054 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG054 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG054 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 48  96 %REC 
NC22SDG054 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG054 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG054 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG054 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG054 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG054 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 50  100 %REC 
NC22SDG054 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 49  98 %REC 
NC28SDG001 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 44  88 %REC 
NC28SDG001 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG001 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 45  90 %REC 
NC28SDG001 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG001 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG001 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 47  94 %REC 
NC28SDG001 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG001 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 57  114 %REC 
NC28SDG001 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG001 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 53  106 %REC 
NC28SDG001 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG001 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
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NC28SDG001 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG001 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG001 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG001 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 50  100 %REC 
NC28SDG001 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG001 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 50  100 %REC 
NC28SDG001 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG001 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG001 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG001 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG001 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG001 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 54  108 %REC 
NC28SDG001 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG001 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG001 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG001 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG001 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG001 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 52  104 %REC 
NC28SDG001 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 50  100 %REC 
NC28SDG002 1 L 8 - 2,4'-Dichlorobiphenyl 10 0.84 ng/L 43  86 %REC 
NC28SDG002 1 L 18 - 2,2',5-Trichlorobiphenyl 10 1.3 ng/L 0 ND 0  
NC28SDG002 1 L 28 - 2,4,4'-Trichlorobiphenyl 10 1 ng/L 42  84 %REC 
NC28SDG002 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 10 1.3 ng/L 0 ND 0  
NC28SDG002 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 10 1.5 ng/L 0 ND 0  
NC28SDG002 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.59 ng/L 46  92 %REC 
NC28SDG002 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 10 1.3 ng/L 0 ND 0  
NC28SDG002 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 10 1.1 ng/L 43  86 %REC 
NC28SDG002 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 1.5 ng/L 0 ND 0  
NC28SDG002 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.72 ng/L 49  98 %REC 
NC28SDG002 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 0.81 ng/L 0 ND 0  
NC28SDG002 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 10 1.4 ng/L 0 ND 0  
NC28SDG002 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 10 1.3 ng/L 0 ND 0  
NC28SDG002 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 10 1.5 ng/L 0 ND 0  
NC28SDG002 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 10 1.3 ng/L 0 ND 0  
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NC28SDG002 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 0.5 ng/L 44  88 %REC 
NC28SDG002 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 10 1.1 ng/L 0 ND 0  
NC28SDG002 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 10 0.54 ng/L 49  98 %REC 
NC28SDG002 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 1.2 ng/L 0 ND 0  
NC28SDG002 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 1.2 ng/L 0 ND 0  
NC28SDG002 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 1.3 ng/L 0 ND 0  
NC28SDG002 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 1.2 ng/L 0 ND 0  
NC28SDG002 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 1.3 ng/L 0 ND 0  
NC28SDG002 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 1.3 ng/L 46  92 %REC 
NC28SDG002 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 0.74 ng/L 0 ND 0  
NC28SDG002 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 1 ng/L 0 ND 0  
NC28SDG002 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 1.3 ng/L 0 ND 0  
NC28SDG002 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 1.4 ng/L 0 ND 0  
NC28SDG002 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 1.2 ng/L 0 ND 0  
NC28SDG002 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 0.45 ng/L 49  98 %REC 
NC28SDG002 1 L 209 - Decachlorobiphenyl 10 1.1 ng/L 60  120 %REC 
NC28SDG003 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 39  78 %REC 
NC28SDG003 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG003 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 40  80 %REC 
NC28SDG003 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG003 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG003 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 42  84 %REC 
NC28SDG003 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG003 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 49  98 %REC 
NC28SDG003 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG003 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 48  96 %REC 
NC28SDG003 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG003 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG003 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG003 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG003 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG003 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 45  90 %REC 
NC28SDG003 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG003 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 48  96 %REC 
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NC28SDG003 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG003 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG003 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG003 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG003 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG003 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 48  96 %REC 
NC28SDG003 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG003 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG003 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG003 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG003 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG003 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 45  90 %REC 
NC28SDG003 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 44  88 %REC 
NC28SDG004 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 49  98 %REC 
NC28SDG004 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG004 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 53  106 %REC 
NC28SDG004 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG004 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG004 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 54  108 %REC 
NC28SDG004 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG004 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 68  136 %REC 
NC28SDG004 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG004 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 65  130 %REC 
NC28SDG004 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG004 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG004 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG004 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG004 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG004 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 60  120 %REC 
NC28SDG004 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG004 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 62  124 %REC 
NC28SDG004 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG004 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG004 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
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NC28SDG004 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG004 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG004 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 65  130 %REC 
NC28SDG004 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG004 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG004 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG004 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG004 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG004 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 66  132 %REC 
NC28SDG004 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 64  128 %REC 
NC28SDG005 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 47  94 %REC 
NC28SDG005 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG005 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 51  102 %REC 
NC28SDG005 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG005 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG005 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 55  110 %REC 
NC28SDG005 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG005 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 69  138 %REC 
NC28SDG005 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG005 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 67  134 %REC 
NC28SDG005 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG005 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG005 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG005 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG005 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG005 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 60  120 %REC 
NC28SDG005 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG005 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 65  130 %REC 
NC28SDG005 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG005 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG005 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG005 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG005 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG005 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 74  148 %REC 
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NC28SDG005 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG005 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG005 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG005 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG005 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG005 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 74  148 %REC 
NC28SDG005 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 67  134 %REC 
NC28SDG006 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 100  100 %REC 
NC28SDG006 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG006 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 96  96 %REC 
NC28SDG006 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG006 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG006 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 96  96 %REC 
NC28SDG006 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG006 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 100  100 %REC 
NC28SDG006 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG006 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 95  95 %REC 
NC28SDG006 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG006 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG006 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG006 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG006 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG006 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 97  97 %REC 
NC28SDG006 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG006 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 99  99 %REC 
NC28SDG006 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG006 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG006 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG006 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG006 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG006 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 110  110 %REC 
NC28SDG006 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG006 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG006 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
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NC28SDG006 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG006 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG006 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 120  120 %REC 
NC28SDG006 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 110  110 %REC 
NC28SDG007 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 47  94 %REC 
NC28SDG007 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG007 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 51  102 %REC 
NC28SDG007 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG007 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG007 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 55  110 %REC 
NC28SDG007 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG007 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 68  136 %REC 
NC28SDG007 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG007 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 63  126 %REC 
NC28SDG007 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG007 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG007 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG007 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG007 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG007 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 64  128 %REC 
NC28SDG007 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG007 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 65  130 %REC 
NC28SDG007 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG007 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG007 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG007 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG007 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG007 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 72  144 %REC 
NC28SDG007 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG007 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG007 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG007 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG007 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG007 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 72  144 %REC 
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NC28SDG007 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 63  126 %REC 
NC28SDG008 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 58  116 %REC 
NC28SDG008 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG008 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 59  118 %REC 
NC28SDG008 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG008 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG008 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 60  120 %REC 
NC28SDG008 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG008 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 62  124 %REC 
NC28SDG008 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG008 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 62  124 %REC 
NC28SDG008 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG008 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG008 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG008 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG008 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG008 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 62  124 %REC 
NC28SDG008 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG008 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 64  128 %REC 
NC28SDG008 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG008 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG008 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG008 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG008 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG008 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 67  134 %REC 
NC28SDG008 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG008 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG008 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG008 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG008 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG008 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 62  124 %REC 
NC28SDG008 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 60  120 %REC 
NC28SDG009 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 56  112 %REC 
NC28SDG009 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
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NC28SDG009 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 55  110 %REC 
NC28SDG009 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG009 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG009 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 53  106 %REC 
NC28SDG009 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG009 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 49  98 %REC 
NC28SDG009 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG009 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 49  98 %REC 
NC28SDG009 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG009 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG009 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG009 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG009 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG009 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 50  100 %REC 
NC28SDG009 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG009 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 50  100 %REC 
NC28SDG009 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG009 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG009 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG009 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG009 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG009 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 50  100 %REC 
NC28SDG009 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG009 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG009 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG009 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG009 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG009 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 51  102 %REC 
NC28SDG009 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 49  98 %REC 
NC28SDG010 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 54  108 %REC 
NC28SDG010 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG010 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 53  106 %REC 
NC28SDG010 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG010 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
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NC28SDG010 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 53  106 %REC 
NC28SDG010 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG010 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 56  112 %REC 
NC28SDG010 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG010 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 52  104 %REC 
NC28SDG010 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG010 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG010 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG010 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG010 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG010 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 53  106 %REC 
NC28SDG010 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG010 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 57  114 %REC 
NC28SDG010 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG010 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG010 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG010 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG010 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG010 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 55  110 %REC 
NC28SDG010 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG010 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG010 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG010 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG010 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG010 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 55  110 %REC 
NC28SDG010 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 54  108 %REC 
NC28SDG011 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 50  100 %REC 
NC28SDG011 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG011 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 53  106 %REC 
NC28SDG011 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG011 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG011 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 56  112 %REC 
NC28SDG011 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG011 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 63  126 %REC 
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NC28SDG011 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG011 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 64  128 %REC 
NC28SDG011 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG011 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG011 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG011 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG011 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG011 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 58  116 %REC 
NC28SDG011 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG011 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 61  122 %REC 
NC28SDG011 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG011 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG011 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG011 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG011 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG011 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 62  124 %REC 
NC28SDG011 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG011 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG011 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG011 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG011 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG011 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 63  126 %REC 
NC28SDG011 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 56  112 %REC 
NC28SDG012 0.25 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 190  95 %REC 
NC28SDG012 0.25 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG012 0.25 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 190  95 %REC 
NC28SDG012 0.25 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG012 0.25 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG012 0.25 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 190  95 %REC 
NC28SDG012 0.25 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG012 0.25 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 230  115 %REC 
NC28SDG012 0.25 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG012 0.25 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 200  100 %REC 
NC28SDG012 0.25 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
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NC28SDG012 0.25 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG012 0.25 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG012 0.25 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG012 0.25 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG012 0.25 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 250  125 %REC 
NC28SDG012 0.25 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG012 0.25 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 220  110 %REC 
NC28SDG012 0.25 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG012 0.25 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG012 0.25 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG012 0.25 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG012 0.25 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG012 0.25 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 260  130 %REC 
NC28SDG012 0.25 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG012 0.25 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG012 0.25 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG012 0.25 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG012 0.25 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG012 0.25 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 310  155 %REC 
NC28SDG012 0.25 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 290  145 %REC 
NC28SDG013 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 53  106 %REC 
NC28SDG013 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG013 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 49  98 %REC 
NC28SDG013 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG013 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG013 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 46  92 %REC 
NC28SDG013 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG013 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 58  116 %REC 
NC28SDG013 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG013 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 50  100 %REC 
NC28SDG013 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG013 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG013 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG013 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  











 



 
 



C-191



Sample Delivery 
Group 



Sample 
Size 



Size Units Analyte Min 
Reporting 



Limit 



Min 
Detection 



Limit 



Units Raw result Qualifier QC Result QC Units 



NC28SDG013 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG013 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 58  116 %REC 
NC28SDG013 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG013 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 51  102 %REC 
NC28SDG013 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG013 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG013 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG013 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG013 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG013 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 69  138 %REC 
NC28SDG013 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG013 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG013 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG013 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG013 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG013 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 68  136 %REC 
NC28SDG013 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 64  128 %REC 
NC28SDG014 0.25 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 100  100 %REC 
NC28SDG014 0.25 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG014 0.25 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 110  110 %REC 
NC28SDG014 0.25 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG014 0.25 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG014 0.25 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 100  100 %REC 
NC28SDG014 0.25 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG014 0.25 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 120  120 %REC 
NC28SDG014 0.25 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG014 0.25 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 110  110 %REC 
NC28SDG014 0.25 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG014 0.25 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG014 0.25 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG014 0.25 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG014 0.25 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG014 0.25 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 110  110 %REC 
NC28SDG014 0.25 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
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NC28SDG014 0.25 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 110  110 %REC 
NC28SDG014 0.25 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG014 0.25 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG014 0.25 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG014 0.25 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG014 0.25 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG014 0.25 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 120  120 %REC 
NC28SDG014 0.25 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG014 0.25 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG014 0.25 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG014 0.25 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG014 0.25 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG014 0.25 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 120  120 %REC 
NC28SDG014 0.25 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 110  110 %REC 
NC28SDG015 0.25 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 100  100 %REC 
NC28SDG015 0.25 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG015 0.25 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 100  100 %REC 
NC28SDG015 0.25 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG015 0.25 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG015 0.25 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 100  100 %REC 
NC28SDG015 0.25 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG015 0.25 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 110  110 %REC 
NC28SDG015 0.25 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG015 0.25 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 100  100 %REC 
NC28SDG015 0.25 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG015 0.25 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG015 0.25 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG015 0.25 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG015 0.25 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG015 0.25 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 97  97 %REC 
NC28SDG015 0.25 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG015 0.25 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 96  96 %REC 
NC28SDG015 0.25 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG015 0.25 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
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NC28SDG015 0.25 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG015 0.25 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG015 0.25 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG015 0.25 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 110  110 %REC 
NC28SDG015 0.25 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG015 0.25 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG015 0.25 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG015 0.25 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG015 0.25 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG015 0.25 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 130  130 %REC 
NC28SDG015 0.25 L 209 - Decachlorobiphenyl 5 0.57 ng/L 120  120 %REC 
NC28SDG016 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 24  96 %REC 
NC28SDG016 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG016 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 24  96 %REC 
NC28SDG016 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG016 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG016 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 25  100 %REC 
NC28SDG016 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG016 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 27  108 %REC 
NC28SDG016 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG016 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 24  96 %REC 
NC28SDG016 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG016 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG016 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG016 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG016 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG016 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 24  96 %REC 
NC28SDG016 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG016 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 26  104 %REC 
NC28SDG016 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG016 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG016 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG016 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG016 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
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NC28SDG016 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 28  112 %REC 
NC28SDG016 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG016 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG016 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG016 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG016 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG016 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 30  120 %REC 
NC28SDG016 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 32  128 %REC 
NC28SDG017 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 26  104 %REC 
NC28SDG017 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG017 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 23  92 %REC 
NC28SDG017 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG017 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG017 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 26  104 %REC 
NC28SDG017 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG017 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 22  88 %REC 
NC28SDG017 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG017 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 22  88 %REC 
NC28SDG017 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG017 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG017 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG017 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG017 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG017 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 20  80 %REC 
NC28SDG017 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG017 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 20  80 %REC 
NC28SDG017 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG017 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG017 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG017 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG017 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG017 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 23  92 %REC 
NC28SDG017 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG017 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
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NC28SDG017 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG017 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG017 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG017 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 23  92 %REC 
NC28SDG017 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 24  96 %REC 
NC28SDG018 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 51  102 %REC 
NC28SDG018 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG018 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 49  98 %REC 
NC28SDG018 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG018 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG018 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 45  90 %REC 
NC28SDG018 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG018 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 47  94 %REC 
NC28SDG018 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG018 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 44  88 %REC 
NC28SDG018 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG018 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG018 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG018 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG018 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG018 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 42  84 %REC 
NC28SDG018 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG018 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 40  80 %REC 
NC28SDG018 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG018 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG018 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG018 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG018 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG018 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 45  90 %REC 
NC28SDG018 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG018 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG018 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG018 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG018 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
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NC28SDG018 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 41  82 %REC 
NC28SDG018 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 42  84 %REC 
NC28SDG019 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 49  98 %REC 
NC28SDG019 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG019 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 49  98 %REC 
NC28SDG019 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG019 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG019 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 49  98 %REC 
NC28SDG019 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG019 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 56  112 %REC 
NC28SDG019 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG019 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 55  110 %REC 
NC28SDG019 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG019 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG019 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG019 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG019 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG019 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 55  110 %REC 
NC28SDG019 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG019 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 53  106 %REC 
NC28SDG019 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG019 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG019 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG019 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG019 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG019 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 58  116 %REC 
NC28SDG019 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG019 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG019 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG019 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG019 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG019 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 53  106 %REC 
NC28SDG019 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 58  116 %REC 
NC28SDG020 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 28  112 %REC 
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NC28SDG020 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG020 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 26  104 %REC 
NC28SDG020 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG020 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG020 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 25  100 %REC 
NC28SDG020 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG020 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 24  96 %REC 
NC28SDG020 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG020 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 26  104 %REC 
NC28SDG020 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG020 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG020 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG020 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG020 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG020 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 23  92 %REC 
NC28SDG020 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG020 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 23  92 %REC 
NC28SDG020 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG020 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG020 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG020 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG020 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG020 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 25  100 %REC 
NC28SDG020 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG020 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG020 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG020 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG020 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG020 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 23  92 %REC 
NC28SDG020 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 23  92 %REC 
NC28SDG021 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 28  112 %REC 
NC28SDG021 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG021 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 26  104 %REC 
NC28SDG021 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
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NC28SDG021 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG021 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 27  108 %REC 
NC28SDG021 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG021 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 33  132 %REC 
NC28SDG021 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG021 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 28  112 %REC 
NC28SDG021 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG021 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG021 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG021 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG021 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG021 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 32  128 %REC 
NC28SDG021 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG021 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 28  112 %REC 
NC28SDG021 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG021 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG021 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG021 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG021 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG021 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 36  144 %REC 
NC28SDG021 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG021 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG021 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG021 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG021 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG021 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 32  128 %REC 
NC28SDG021 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 36  144 %REC 
NC28SDG022 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 54  108 %REC 
NC28SDG022 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG022 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 47  94 %REC 
NC28SDG022 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG022 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG022 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 50  100 %REC 
NC28SDG022 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
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NC28SDG022 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 44  88 %REC 
NC28SDG022 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG022 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 48  96 %REC 
NC28SDG022 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG022 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG022 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG022 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG022 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG022 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 38  76 %REC 
NC28SDG022 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG022 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 39  78 %REC 
NC28SDG022 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG022 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG022 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG022 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG022 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG022 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 47  94 %REC 
NC28SDG022 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG022 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG022 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG022 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG022 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG022 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 43  86 %REC 
NC28SDG022 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 43  86 %REC 
NC28SDG023 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 55  110 %REC 
NC28SDG023 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG023 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 53  106 %REC 
NC28SDG023 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG023 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG023 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 55  110 %REC 
NC28SDG023 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG023 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 52  104 %REC 
NC28SDG023 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG023 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 51  102 %REC 
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NC28SDG023 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG023 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG023 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG023 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG023 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG023 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 46  92 %REC 
NC28SDG023 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG023 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 43  86 %REC 
NC28SDG023 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG023 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG023 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG023 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG023 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG023 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 49  98 %REC 
NC28SDG023 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG023 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG023 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG023 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG023 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG023 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 55  110 %REC 
NC28SDG023 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 54  108 %REC 
NC34SDG001 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 43  86 %REC 
NC34SDG001 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG001 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 48  96 %REC 
NC34SDG001 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG001 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG001 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 44  88 %REC 
NC34SDG001 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG001 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 56  112 %REC 
NC34SDG001 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG001 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 60  120 %REC 
NC34SDG001 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG001 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG001 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
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NC34SDG001 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG001 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG001 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 54  108 %REC 
NC34SDG001 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG001 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 50  100 %REC 
NC34SDG001 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG001 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG001 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG001 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG001 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG001 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 53  106 %REC 
NC34SDG001 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG001 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG001 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG001 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG001 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG001 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 62  124 %REC 
NC34SDG001 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 62  124 %REC 
NC34SDG002 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 49  98 %REC 
NC34SDG002 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG002 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 51  102 %REC 
NC34SDG002 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG002 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG002 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 48  96 %REC 
NC34SDG002 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG002 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 48  96 %REC 
NC34SDG002 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG002 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 58  116 %REC 
NC34SDG002 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG002 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG002 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG002 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG002 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG002 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 45  90 %REC 
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NC34SDG002 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG002 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 50  100 %REC 
NC34SDG002 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG002 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG002 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG002 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG002 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG002 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 48  96 %REC 
NC34SDG002 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG002 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG002 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG002 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG002 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG002 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 48  96 %REC 
NC34SDG002 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 48  96 %REC 
NC34SDG003 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 41  82 %REC 
NC34SDG003 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG003 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 43  86 %REC 
NC34SDG003 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG003 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG003 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 42  84 %REC 
NC34SDG003 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG003 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 38  76 %REC 
NC34SDG003 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG003 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 46  92 %REC 
NC34SDG003 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG003 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG003 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG003 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG003 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG003 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 38  76 %REC 
NC34SDG003 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG003 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 40  80 %REC 
NC34SDG003 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
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NC34SDG003 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG003 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG003 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG003 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG003 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 41  82 %REC 
NC34SDG003 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG003 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG003 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG003 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG003 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG003 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 42  84 %REC 
NC34SDG003 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 39  78 %REC 
NC34SDG004 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 39  78 %REC 
NC34SDG004 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG004 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 40  80 %REC 
NC34SDG004 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG004 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG004 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 39  78 %REC 
NC34SDG004 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG004 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 36  72 %REC 
NC34SDG004 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG004 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 45  90 %REC 
NC34SDG004 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG004 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG004 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG004 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG004 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG004 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 39  78 %REC 
NC34SDG004 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG004 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 41  82 %REC 
NC34SDG004 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG004 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG004 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG004 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
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NC34SDG004 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG004 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 37  74 %REC 
NC34SDG004 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG004 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG004 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG004 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG004 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG004 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 41  82 %REC 
NC34SDG004 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 39  78 %REC 
NC34SDG005 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 57  114 %REC 
NC34SDG005 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG005 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 58  116 %REC 
NC34SDG005 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG005 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG005 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 52  104 %REC 
NC34SDG005 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG005 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 55  110 %REC 
NC34SDG005 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG005 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 59  118 %REC 
NC34SDG005 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG005 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG005 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG005 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG005 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG005 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 53  106 %REC 
NC34SDG005 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG005 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 55  110 %REC 
NC34SDG005 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG005 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG005 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG005 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG005 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG005 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 55  110 %REC 
NC34SDG005 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
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NC34SDG005 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG005 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG005 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG005 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG005 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 55  110 %REC 
NC34SDG005 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 60  120 %REC 
NC34SDG006 1  8 - 2,4'-Dichlorobiphenyl 10 0.74 ng 75  75 %REC 
NC34SDG006 1  18 - 2,2',5-Trichlorobiphenyl 10 0.86 ng 0 ND 0  
NC34SDG006 1  28 - 2,4,4'-Trichlorobiphenyl 10 0.91 ng 80  80 %REC 
NC34SDG006 1  44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.74 ng 0 ND 0  
NC34SDG006 1  49 - 2,2',4,5'-Tetrachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.94 ng 81  81 %REC 
NC34SDG006 1  66 - 2,3',4,4'-Tetrachlorobiphenyl 10 1.1 ng 0 ND 0  
NC34SDG006 1  77 - 3,3',4,4'-Tetrachlorobiphenyl 10 1.4 ng 83  83 %REC 
NC34SDG006 1  87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.81 ng 91  91 %REC 
NC34SDG006 1  105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 1.3 ng 0 ND 0  
NC34SDG006 1  114 - 2,3,4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  118 - 2,3',4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  123 - 2',3,4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  126 - 3,3',4,4',5-Pentachlorobiphenyl 10 2.9 ng 0 ND 0  
NC34SDG006 1  128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 1.4 ng 84  84 %REC 
NC34SDG006 1  138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 10 1.9 ng 0 ND 0  
NC34SDG006 1  153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 10 1.5 ng 88  88 %REC 
NC34SDG006 1  156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.9 ng 0 ND 0  
NC34SDG006 1  180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 1.9 ng 86  86 %REC 
NC34SDG006 1  183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.86 ng 0 ND 0  
NC34SDG006 1  189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 2 ng 0 ND 0  
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NC34SDG006 1  195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 1.3 ng 0 ND 0  
NC34SDG006 1  206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 2.2 ng 93  93 %REC 
NC34SDG006 1  209 - Decachlorobiphenyl 10 1.5 ng 87  87 %REC 
NC34SDG007 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 53  106 %REC 
NC34SDG007 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG007 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 56  112 %REC 
NC34SDG007 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG007 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG007 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 51  102 %REC 
NC34SDG007 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG007 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 56  112 %REC 
NC34SDG007 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG007 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 64  128 %REC 
NC34SDG007 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG007 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG007 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG007 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG007 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG007 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 60  120 %REC 
NC34SDG007 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG007 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 57  114 %REC 
NC34SDG007 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG007 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG007 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG007 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG007 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG007 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 52  104 %REC 
NC34SDG007 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG007 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG007 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG007 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG007 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG007 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 61  122 %REC 
NC34SDG007 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 58  116 %REC 
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NC34SDG008 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 48  96 %REC 
NC34SDG008 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG008 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 53  106 %REC 
NC34SDG008 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG008 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG008 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 47  87 %REC 
NC34SDG008 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG008 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 48  96 %REC 
NC34SDG008 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG008 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 60  110 %REC 
NC34SDG008 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG008 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG008 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG008 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG008 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG008 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 49  98 %REC 
NC34SDG008 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG008 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 52  98 %REC 
NC34SDG008 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG008 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG008 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG008 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG008 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG008 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 54  108 %REC 
NC34SDG008 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG008 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG008 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG008 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG008 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG008 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 56  112 %REC 
NC34SDG008 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 49  98 %REC 
NC34SDG009 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 52  104 %REC 
NC34SDG009 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG009 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 55  110 %REC 
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NC34SDG009 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG009 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG009 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 53  106 %REC 
NC34SDG009 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG009 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 57  114 %REC 
NC34SDG009 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG009 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 61  122 %REC 
NC34SDG009 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG009 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG009 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG009 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG009 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG009 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 53  106 %REC 
NC34SDG009 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG009 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 54  108 %REC 
NC34SDG009 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG009 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG009 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG009 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG009 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG009 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 54  108 %REC 
NC34SDG009 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG009 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG009 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG009 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG009 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG009 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 56  112 %REC 
NC34SDG009 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 55  110 %REC 
NC34SDG010 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 48  96 %REC 
NC34SDG010 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG010 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 51  102 %REC 
NC34SDG010 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG010 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG010 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 45  90 %REC 
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NC34SDG010 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG010 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 52  104 %REC 
NC34SDG010 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG010 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 56  112 %REC 
NC34SDG010 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG010 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG010 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG010 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG010 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG010 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 50  100 %REC 
NC34SDG010 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG010 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 51  102 %REC 
NC34SDG010 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG010 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG010 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG010 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG010 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG010 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 53  106 %REC 
NC34SDG010 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG010 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG010 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG010 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG010 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG010 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 47  94 %REC 
NC34SDG010 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 50  100 %REC 
NC34SDG011 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 41  82 %REC 
NC34SDG011 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG011 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 44  88 %REC 
NC34SDG011 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG011 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG011 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 42  84 %REC 
NC34SDG011 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG011 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 50  100 %REC 
NC34SDG011 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
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NC34SDG011 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 51  102 %REC 
NC34SDG011 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG011 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG011 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG011 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG011 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG011 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 42  84 %REC 
NC34SDG011 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG011 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 46  92 %REC 
NC34SDG011 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG011 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG011 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG011 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG011 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG011 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 43  86 %REC 
NC34SDG011 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG011 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG011 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG011 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG011 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG011 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 39  78 %REC 
NC34SDG011 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 40  80 %REC 
NC34SDG012 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 51  102 %REC 
NC34SDG012 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG012 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 54  108 %REC 
NC34SDG012 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG012 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG012 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 49  98 %REC 
NC34SDG012 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG012 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 51  102 %REC 
NC34SDG012 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG012 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 60  120 %REC 
NC34SDG012 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG012 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
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NC34SDG012 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG012 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG012 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG012 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 52  104 %REC 
NC34SDG012 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG012 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 52  104 %REC 
NC34SDG012 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG012 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG012 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG012 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG012 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG012 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 50  100 %REC 
NC34SDG012 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG012 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG012 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG012 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG012 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG012 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 57  114 %REC 
NC34SDG012 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 54  108 %REC 
NC34SDG013 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 52  104 %REC 
NC34SDG013 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG013 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 52  104 %REC 
NC34SDG013 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG013 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG013 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 51  102 %REC 
NC34SDG013 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG013 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 55  110 %REC 
NC34SDG013 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG013 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 55  110 %REC 
NC34SDG013 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG013 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG013 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG013 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG013 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
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NC34SDG013 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 64  128 %REC 
NC34SDG013 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG013 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 47  94 %REC 
NC34SDG013 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG013 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG013 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG013 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG013 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG013 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 63  126 %REC 
NC34SDG013 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG013 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG013 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG013 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG013 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG013 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 73  146 %REC 
NC34SDG013 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 68  136 %REC 



 
 











 



 
 



C-213



 
Analytical Blank Spike Duplicate (BSD) Data 
 
Sample Delivery 
Group 



Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier QC 
Result 



QC Units 



CSC81SDG001 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 46  92 %REC 
CSC81SDG001 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG001 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 49  98 %REC 
CSC81SDG001 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
CSC81SDG001 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
CSC81SDG001 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 44  88 %REC 
CSC81SDG001 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG001 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 52  104 %REC 
CSC81SDG001 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
CSC81SDG001 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 55  110 %REC 
CSC81SDG001 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
CSC81SDG001 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
CSC81SDG001 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
CSC81SDG001 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
CSC81SDG001 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
CSC81SDG001 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 56  112 %REC 
CSC81SDG001 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
CSC81SDG001 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 50  100 %REC 
CSC81SDG001 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
CSC81SDG001 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
CSC81SDG001 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG001 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
CSC81SDG001 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG001 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 52  104 %REC 
CSC81SDG001 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
CSC81SDG001 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
CSC81SDG001 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
CSC81SDG001 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
CSC81SDG001 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
CSC81SDG001 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 54  108 %REC 
CSC81SDG001 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 51  102 %REC 
CSC81SDG002 1  8 - 2,4'-Dichlorobiphenyl 10 0.74 ng 53  53 %REC 











 



 
 



C-214



Sample Delivery 
Group 



Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier QC 
Result 



QC Units 



CSC81SDG002 1  18 - 2,2',5-Trichlorobiphenyl 10 0.86 ng 0 ND 0  
CSC81SDG002 1  28 - 2,4,4'-Trichlorobiphenyl 10 0.91 ng 61  61 %REC 
CSC81SDG002 1  44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.74 ng 0 ND 0  
CSC81SDG002 1  49 - 2,2',4,5'-Tetrachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.94 ng 59  59 %REC 
CSC81SDG002 1  66 - 2,3',4,4'-Tetrachlorobiphenyl 10 1.1 ng 0 ND 0  
CSC81SDG002 1  77 - 3,3',4,4'-Tetrachlorobiphenyl 10 1.4 ng 60  60 %REC 
CSC81SDG002 1  87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.81 ng 70  70 %REC 
CSC81SDG002 1  105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 1.3 ng 0 ND 0  
CSC81SDG002 1  114 - 2,3,4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  118 - 2,3',4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  123 - 2',3,4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  126 - 3,3',4,4',5-Pentachlorobiphenyl 10 2.9 ng 0 ND 0  
CSC81SDG002 1  128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 1.4 ng 63  63 %REC 
CSC81SDG002 1  138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 10 1.9 ng 0 ND 0  
CSC81SDG002 1  153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 10 1.5 ng 58  58 %REC 
CSC81SDG002 1  156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.9 ng 0 ND 0  
CSC81SDG002 1  180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 1.9 ng 59  59 %REC 
CSC81SDG002 1  183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.86 ng 0 ND 0  
CSC81SDG002 1  189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 2 ng 0 ND 0  
CSC81SDG002 1  195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 1.3 ng 0 ND 0  
CSC81SDG002 1  206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 2.2 ng 63  63 %REC 
CSC81SDG002 1  209 - Decachlorobiphenyl 10 1.5 ng 62  62 %REC 
CSC81SDG004 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 54  108 %REC 
CSC81SDG004 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG004 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 58  116 %REC 
CSC81SDG004 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
CSC81SDG004 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  











 



 
 



C-215



Sample Delivery 
Group 



Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier QC 
Result 



QC Units 



CSC81SDG004 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 51  102 %REC 
CSC81SDG004 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG004 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 67  134 %REC 
CSC81SDG004 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
CSC81SDG004 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 67  134 %REC 
CSC81SDG004 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
CSC81SDG004 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
CSC81SDG004 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
CSC81SDG004 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
CSC81SDG004 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
CSC81SDG004 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 64  128 %REC 
CSC81SDG004 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
CSC81SDG004 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 63  126 %REC 
CSC81SDG004 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
CSC81SDG004 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
CSC81SDG004 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG004 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
CSC81SDG004 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
CSC81SDG004 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 69  138 %REC 
CSC81SDG004 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
CSC81SDG004 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
CSC81SDG004 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
CSC81SDG004 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
CSC81SDG004 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
CSC81SDG004 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 64  128 %REC 
CSC81SDG004 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 58  116 %REC 
CSC81SDG005 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 47  94 %REC 
CSC81SDG005 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG005 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 49  98 %REC 
CSC81SDG005 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG005 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
CSC81SDG005 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 48  96 %REC 
CSC81SDG005 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG005 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 48  96 %REC 
CSC81SDG005 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  











 



 
 



C-216



Sample Delivery 
Group 



Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier QC 
Result 



QC Units 



CSC81SDG005 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 55  0  
CSC81SDG005 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
CSC81SDG005 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
CSC81SDG005 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
CSC81SDG005 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG005 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG005 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 48  96 %REC 
CSC81SDG005 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
CSC81SDG005 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 51  102 %REC 
CSC81SDG005 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
CSC81SDG005 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
CSC81SDG005 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG005 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
CSC81SDG005 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG005 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 48  96 %REC 
CSC81SDG005 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
CSC81SDG005 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
CSC81SDG005 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
CSC81SDG005 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
CSC81SDG005 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
CSC81SDG005 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 49  98 %REC 
CSC81SDG005 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 48  96 %REC 
CSC81SDG006 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 71  142 %REC 
CSC81SDG006 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG006 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 70  140 %REC 
CSC81SDG006 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG006 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
CSC81SDG006 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 68  136 %REC 
CSC81SDG006 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG006 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 65  130 %REC 
CSC81SDG006 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG006 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 74  148 %REC 
CSC81SDG006 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
CSC81SDG006 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
CSC81SDG006 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
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CSC81SDG006 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG006 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG006 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 60  120 %REC 
CSC81SDG006 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
CSC81SDG006 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 62  124 %REC 
CSC81SDG006 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
CSC81SDG006 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
CSC81SDG006 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG006 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
CSC81SDG006 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG006 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 70  140 %REC 
CSC81SDG006 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
CSC81SDG006 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
CSC81SDG006 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
CSC81SDG006 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
CSC81SDG006 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
CSC81SDG006 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 70  140 %REC 
CSC81SDG006 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 64  128 %REC 
CSC81SDG007 0.05 L 8 - 2,4'-Dichlorobiphenyl 100 8.4 ng/L 880  88 %REC 
CSC81SDG007 0.05 L 18 - 2,2',5-Trichlorobiphenyl 100 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 28 - 2,4,4'-Trichlorobiphenyl 200 10 ng/L 970  0  
CSC81SDG007 0.05 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ng/L 0 ND 0  
CSC81SDG007 0.05 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 200 5.9 ng/L 1000  0  
CSC81SDG007 0.05 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ng/L 790  79 %REC 
CSC81SDG007 0.05 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ng/L 0 ND 0  
CSC81SDG007 0.05 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ng/L 1000  100 %REC 
CSC81SDG007 0.05 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ng/L 0 ND 0  
CSC81SDG007 0.05 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ng/L 0 ND 0  
CSC81SDG007 0.05 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ng/L 0 ND 0  
CSC81SDG007 0.05 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ng/L 740  74 %REC 
CSC81SDG007 0.05 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ng/L 0 ND 0  
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CSC81SDG007 0.05 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 300 5.4 ng/L 970  0  
CSC81SDG007 0.05 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ng/L 0 ND 0  
CSC81SDG007 0.05 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 200 12 ng/L 0 ND 0  
CSC81SDG007 0.05 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ng/L 0 ND 0  
CSC81SDG007 0.05 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 200 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 200 13 ng/L 690  0  
CSC81SDG007 0.05 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ng/L 0 ND 0  
CSC81SDG007 0.05 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ng/L 0 ND 0  
CSC81SDG007 0.05 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 200 13 ng/L 0 ND 0  
CSC81SDG007 0.05 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ng/L 0 ND 0  
CSC81SDG007 0.05 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ng/L 0 ND 0  
CSC81SDG007 0.05 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ng/L 800  80 %REC 
CSC81SDG007 0.05 L 209 - Decachlorobiphenyl 100 11 ng/L 790  79 %REC 
CSC81SDG008 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 51  102 %REC 
CSC81SDG008 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG008 1 L 28 - 2,4,4'-Trichlorobiphenyl 10 0.53 ng/L 53  106 %REC 
CSC81SDG008 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG008 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
CSC81SDG008 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.29 ng/L 59  118 %REC 
CSC81SDG008 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG008 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 49  98 %REC 
CSC81SDG008 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG008 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 54  108 %REC 
CSC81SDG008 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
CSC81SDG008 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
CSC81SDG008 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
CSC81SDG008 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG008 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG008 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 46  92 %REC 
CSC81SDG008 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
CSC81SDG008 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 15 0.27 ng/L 51  102 %REC 
CSC81SDG008 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
CSC81SDG008 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 0.61 ng/L 0 ND 0  
CSC81SDG008 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
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CSC81SDG008 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
CSC81SDG008 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG008 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 0.65 ng/L 45  90 %REC 
CSC81SDG008 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
CSC81SDG008 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
CSC81SDG008 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.65 ng/L 0 ND 0  
CSC81SDG008 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
CSC81SDG008 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
CSC81SDG008 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 50  100 %REC 
CSC81SDG008 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 49  98 %REC 
CSC81SDG009 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 59  118 %REC 
CSC81SDG009 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG009 1 L 28 - 2,4,4'-Trichlorobiphenyl 10 0.53 ng/L 55  110 %REC 
CSC81SDG009 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG009 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
CSC81SDG009 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.29 ng/L 60  120 %REC 
CSC81SDG009 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG009 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 56  112 %REC 
CSC81SDG009 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG009 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 63  126 %REC 
CSC81SDG009 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
CSC81SDG009 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
CSC81SDG009 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
CSC81SDG009 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG009 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG009 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 52  104 %REC 
CSC81SDG009 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
CSC81SDG009 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 15 0.27 ng/L 58  116 %REC 
CSC81SDG009 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
CSC81SDG009 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 0.61 ng/L 0 ND 0  
CSC81SDG009 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG009 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
CSC81SDG009 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG009 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 0.65 ng/L 44  88 %REC 
CSC81SDG009 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
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CSC81SDG009 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
CSC81SDG009 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.65 ng/L 0 ND 0  
CSC81SDG009 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
CSC81SDG009 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
CSC81SDG009 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 54  108 %REC 
CSC81SDG009 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 56  112 %REC 
CSC81SDG010 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 58  116 %REC 
CSC81SDG010 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG010 1 L 28 - 2,4,4'-Trichlorobiphenyl 10 0.53 ng/L 57  114 %REC 
CSC81SDG010 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG010 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
CSC81SDG010 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.29 ng/L 60  120 %REC 
CSC81SDG010 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG010 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 53  106 %REC 
CSC81SDG010 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG010 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 58  116 %REC 
CSC81SDG010 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
CSC81SDG010 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
CSC81SDG010 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
CSC81SDG010 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
CSC81SDG010 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
CSC81SDG010 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 48  96 %REC 
CSC81SDG010 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
CSC81SDG010 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 15 0.27 ng/L 55  110 %REC 
CSC81SDG010 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
CSC81SDG010 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 0.61 ng/L 0 ND 0  
CSC81SDG010 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
CSC81SDG010 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
CSC81SDG010 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG010 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 0.65 ng/L 45  90 %REC 
CSC81SDG010 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
CSC81SDG010 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
CSC81SDG010 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.65 ng/L 0 ND 0  
CSC81SDG010 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
CSC81SDG010 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
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CSC81SDG010 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 52  104 %REC 
CSC81SDG010 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 54  108 %REC 
CSC81SDG011 1 L 8 - 2,4'-Dichlorobiphenyl 10 0.42 ng/L 53  106 %REC 
CSC81SDG011 1 L 18 - 2,2',5-Trichlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG011 1 L 28 - 2,4,4'-Trichlorobiphenyl 20 0.53 ng/L 51  102 %REC 
CSC81SDG011 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.67 ng/L 0 ND 0  
CSC81SDG011 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 10 0.75 ng/L 0 ND 0  
CSC81SDG011 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 20 0.29 ng/L 55  110 %REC 
CSC81SDG011 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG011 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 10 0.56 ng/L 49  98 %REC 
CSC81SDG011 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 0.77 ng/L 0 ND 0  
CSC81SDG011 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.36 ng/L 53  106 %REC 
CSC81SDG011 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 0.41 ng/L 0 ND 0  
CSC81SDG011 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 10 0.68 ng/L 0 ND 0  
CSC81SDG011 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 10 0.66 ng/L 0 ND 0  
CSC81SDG011 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 10 0.77 ng/L 0 ND 0  
CSC81SDG011 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 10 0.67 ng/L 0 ND 0  
CSC81SDG011 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 0.25 ng/L 49  98 %REC 
CSC81SDG011 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 10 0.55 ng/L 0 ND 0  
CSC81SDG011 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 30 0.27 ng/L 52  104 %REC 
CSC81SDG011 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 0.62 ng/L 0 ND 0  
CSC81SDG011 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 20 0.61 ng/L 0 ND 0  
CSC81SDG011 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG011 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 0.59 ng/L 0 ND 0  
CSC81SDG011 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 20 0.64 ng/L 0 ND 0  
CSC81SDG011 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 20 0.65 ng/L 43  86 %REC 
CSC81SDG011 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 0.37 ng/L 0 ND 0  
CSC81SDG011 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 0.5 ng/L 0 ND 0  
CSC81SDG011 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 20 0.65 ng/L 0 ND 0  
CSC81SDG011 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 0.71 ng/L 0 ND 0  
CSC81SDG011 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 0.58 ng/L 0 ND 0  
CSC81SDG011 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 0.23 ng/L 49  98 %REC 
CSC81SDG011 1 L 209 - Decachlorobiphenyl 10 0.57 ng/L 53  106 %REC 
CSC81SDG012 1 L 8 - 2,4'-Dichlorobiphenyl 10 0.42 ng/L 50  100 %REC 
CSC81SDG012 1 L 18 - 2,2',5-Trichlorobiphenyl 10 0.64 ng/L 0 ND 0  
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CSC81SDG012 1 L 28 - 2,4,4'-Trichlorobiphenyl 20 0.53 ng/L 51  102 %REC 
CSC81SDG012 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.67 ng/L 0 ND 0  
CSC81SDG012 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 10 0.75 ng/L 0 ND 0  
CSC81SDG012 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 20 0.29 ng/L 56  112 %REC 
CSC81SDG012 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG012 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 10 0.56 ng/L 53  106 %REC 
CSC81SDG012 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 0.77 ng/L 0 ND 0  
CSC81SDG012 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.36 ng/L 56  112 %REC 
CSC81SDG012 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 0.41 ng/L 0 ND 0  
CSC81SDG012 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 10 0.68 ng/L 0 ND 0  
CSC81SDG012 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 10 0.66 ng/L 0 ND 0  
CSC81SDG012 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 20 0.77 ng/L 0 ND 0  
CSC81SDG012 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 10 0.67 ng/L 0 ND 0  
CSC81SDG012 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 0.25 ng/L 49  98 %REC 
CSC81SDG012 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 20 0.55 ng/L 0 ND 0  
CSC81SDG012 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 30 0.27 ng/L 55  110 %REC 
CSC81SDG012 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 0.62 ng/L 0 ND 0  
CSC81SDG012 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 20 0.61 ng/L 0 ND 0  
CSC81SDG012 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG012 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 0.59 ng/L 0 ND 0  
CSC81SDG012 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 20 0.64 ng/L 0 ND 0  
CSC81SDG012 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 20 0.65 ng/L 42  84 %REC 
CSC81SDG012 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 0.37 ng/L 0 ND 0  
CSC81SDG012 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 0.5 ng/L 0 ND 0  
CSC81SDG012 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 20 0.65 ng/L 0 ND 0  
CSC81SDG012 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 0.71 ng/L 0 ND 0  
CSC81SDG012 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 0.58 ng/L 0 ND 0  
CSC81SDG012 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 0.23 ng/L 51  102 %REC 
CSC81SDG012 1 L 209 - Decachlorobiphenyl 10 0.57 ng/L 51  102 %REC 
CSC81SDG013 1  8 - 2,4'-Dichlorobiphenyl 20 2.4 ng 110  110 %REC 
CSC81SDG013 1  18 - 2,2',5-Trichlorobiphenyl 20 2.9 ng 0 ND 0  
CSC81SDG013 1  28 - 2,4,4'-Trichlorobiphenyl 40 3 ng 100  100 %REC 
CSC81SDG013 1  44 - 2,2',3,5'-Tetrachlorobiphenyl 20 2.5 ng 0 ND 0  
CSC81SDG013 1  49 - 2,2',4,5'-Tetrachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  52 - 2,2',5,5'-Tetrachlorobiphenyl 40 3.2 ng 110  110 %REC 
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CSC81SDG013 1  66 - 2,3',4,4'-Tetrachlorobiphenyl 20 3.6 ng 0 ND 0  
CSC81SDG013 1  77 - 3,3',4,4'-Tetrachlorobiphenyl 20 4.6 ng 110  110 %REC 
CSC81SDG013 1  87 - 2,2',3,4,5'-Pentachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  101 - 2,2',4,5,5'-Pentachlorobiphenyl 20 2.7 ng 120  120 %REC 
CSC81SDG013 1  105 - 2,3,3',4,4'-Pentachlorobiphenyl 20 4.4 ng 0 ND 0  
CSC81SDG013 1  114 - 2,3,4,4',5-Pentachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  118 - 2,3',4,4',5-Pentachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  123 - 2',3,4,4',5-Pentachlorobiphenyl 40 6.7 ng 0 ND 0  
CSC81SDG013 1  126 - 3,3',4,4',5-Pentachlorobiphenyl 20 9.7 ng 0 ND 0  
CSC81SDG013 1  128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 20 4.7 ng 100  100 %REC 
CSC81SDG013 1  138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 40 6.5 ng 0 ND 0  
CSC81SDG013 1  153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 60 5 ng 110  110 %REC 
CSC81SDG013 1  156 - 2,3,3',4,4',5-Hexachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 40 6.7 ng 0 ND 0  
CSC81SDG013 1  167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 40 3 ng 0 ND 0  
CSC81SDG013 1  180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 40 6.5 ng 90  90 %REC 
CSC81SDG013 1  183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 40 2.8 ng 0 ND 0  
CSC81SDG013 1  189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 20 6.7 ng 0 ND 0  
CSC81SDG013 1  195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 20 4.4 ng 0 ND 0  
CSC81SDG013 1  206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 20 7.4 ng 110  110 %REC 
CSC81SDG013 1  209 - Decachlorobiphenyl 20 5.1 ng 110  110 %REC 
CSC81SDG014 1 L 8 - 2,4'-Dichlorobiphenyl 10 0.42 ng/L 65  130 %REC 
CSC81SDG014 1 L 18 - 2,2',5-Trichlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG014 1 L 28 - 2,4,4'-Trichlorobiphenyl 20 0.53 ng/L 57  114 %REC 
CSC81SDG014 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.67 ng/L 0 ND 0  
CSC81SDG014 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 10 0.75 ng/L 0 ND 0  
CSC81SDG014 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 20 0.29 ng/L 61  122 %REC 
CSC81SDG014 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG014 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 10 0.56 ng/L 54  108 %REC 
CSC81SDG014 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 0.77 ng/L 0 ND 0  
CSC81SDG014 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.36 ng/L 61  122 %REC 
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CSC81SDG014 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 0.41 ng/L 0 ND 0  
CSC81SDG014 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 10 0.68 ng/L 0 ND 0  
CSC81SDG014 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 10 0.66 ng/L 0 ND 0  
CSC81SDG014 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 20 0.77 ng/L 0 ND 0  
CSC81SDG014 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 10 0.67 ng/L 0 ND 0  
CSC81SDG014 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 0.25 ng/L 54  108 %REC 
CSC81SDG014 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 20 0.55 ng/L 0 ND 0  
CSC81SDG014 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 30 0.27 ng/L 57  114 %REC 
CSC81SDG014 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 0.62 ng/L 0 ND 0  
CSC81SDG014 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 20 0.61 ng/L 0 ND 0  
CSC81SDG014 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 0.64 ng/L 0 ND 0  
CSC81SDG014 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 0.59 ng/L 0 ND 0  
CSC81SDG014 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 20 0.64 ng/L 0 ND 0  
CSC81SDG014 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 20 0.65 ng/L 47  94 %REC 
CSC81SDG014 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 0.37 ng/L 0 ND 0  
CSC81SDG014 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 0.5 ng/L 0 ND 0  
CSC81SDG014 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 20 0.65 ng/L 0 ND 0  
CSC81SDG014 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 0.71 ng/L 0 ND 0  
CSC81SDG014 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 0.58 ng/L 0 ND 0  
CSC81SDG014 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 0.23 ng/L 55  110 %REC 
CSC81SDG014 1 L 209 - Decachlorobiphenyl 10 0.57 ng/L 59  118 %REC 
NC22SDG001 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.84 ng/L 100  100 %REC 
NC22SDG001 1 L 18 - 2,2',5-Trichlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 1 ng/L 99  99 %REC 
NC22SDG001 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG001 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.59 ng/L 100  100 %REC 
NC22SDG001 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 1.1 ng/L 110  110 %REC 
NC22SDG001 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG001 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.72 ng/L 100  100 %REC 
NC22SDG001 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.81 ng/L 0 ND 0  
NC22SDG001 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG001 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
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NC22SDG001 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.5 ng/L 100  100 %REC 
NC22SDG001 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 1.1 ng/L 0 ND 0  
NC22SDG001 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.54 ng/L 100  100 %REC 
NC22SDG001 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG001 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG001 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG001 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 1.3 ng/L 110  110 %REC 
NC22SDG001 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.74 ng/L 0 ND 0  
NC22SDG001 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 1 ng/L 0 ND 0  
NC22SDG001 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG001 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG001 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG001 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.45 ng/L 120  120 %REC 
NC22SDG001 1 L 209 - Decachlorobiphenyl 5 1.1 ng/L 120  120 %REC 
NC22SDG002 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.84 ng/L 98  98 %REC 
NC22SDG002 1 L 18 - 2,2',5-Trichlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 1 ng/L 95  95 %REC 
NC22SDG002 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG002 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.59 ng/L 98  98 %REC 
NC22SDG002 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 1.1 ng/L 110  110 %REC 
NC22SDG002 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG002 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.72 ng/L 100  100 %REC 
NC22SDG002 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.81 ng/L 0 ND 0  
NC22SDG002 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG002 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG002 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.5 ng/L 100  100 %REC 
NC22SDG002 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 1.1 ng/L 0 ND 0  
NC22SDG002 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.54 ng/L 100  100 %REC 
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NC22SDG002 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG002 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG002 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG002 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 1.3 ng/L 120  120 %REC 
NC22SDG002 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.74 ng/L 0 ND 0  
NC22SDG002 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 1 ng/L 0 ND 0  
NC22SDG002 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG002 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG002 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG002 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.45 ng/L 110  110 %REC 
NC22SDG002 1 L 209 - Decachlorobiphenyl 5 1.1 ng/L 110  110 %REC 
NC22SDG003 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 100  100 %REC 
NC22SDG003 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG003 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 110  110 %REC 
NC22SDG003 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG003 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG003 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 100  100 %REC 
NC22SDG003 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG003 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 140  140 %REC 
NC22SDG003 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG003 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 110  110 %REC 
NC22SDG003 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG003 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG003 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG003 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG003 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG003 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 120  120 %REC 
NC22SDG003 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG003 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 120  120 %REC 
NC22SDG003 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG003 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG003 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG003 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
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NC22SDG003 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG003 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 140  140 %REC 
NC22SDG003 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG003 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG003 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG003 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG003 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG003 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 120  120 %REC 
NC22SDG003 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 120  120 %REC 
NC22SDG004 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 110  110 %REC 
NC22SDG004 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG004 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 100  100 %REC 
NC22SDG004 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG004 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG004 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 110  110 %REC 
NC22SDG004 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG004 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 120  120 %REC 
NC22SDG004 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG004 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 110  110 %REC 
NC22SDG004 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG004 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG004 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG004 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG004 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG004 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 110  110 %REC 
NC22SDG004 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG004 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 110  110 %REC 
NC22SDG004 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG004 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG004 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG004 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG004 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG004 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 120  120 %REC 
NC22SDG004 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG004 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
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NC22SDG004 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG004 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG004 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG004 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 100  100 %REC 
NC22SDG004 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 110  110 %REC 
NC22SDG005 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 94  94 %REC 
NC22SDG005 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG005 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 94  94 %REC 
NC22SDG005 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG005 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG005 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 96  96 %REC 
NC22SDG005 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG005 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 110  110 %REC 
NC22SDG005 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG005 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 100  100 %REC 
NC22SDG005 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG005 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG005 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG005 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG005 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG005 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 100  100 %REC 
NC22SDG005 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG005 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 100  100 %REC 
NC22SDG005 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG005 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG005 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG005 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG005 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG005 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 120  120 %REC 
NC22SDG005 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG005 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG005 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG005 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG005 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG005 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 100  100 %REC 
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NC22SDG005 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 100  100 %REC 
NC22SDG006 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 49  98 %REC 
NC22SDG006 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG006 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 48  96 %REC 
NC22SDG006 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG006 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG006 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 47  94 %REC 
NC22SDG006 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG006 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 52  104 %REC 
NC22SDG006 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG006 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 48  96 %REC 
NC22SDG006 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG006 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG006 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG006 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG006 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG006 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 48  96 %REC 
NC22SDG006 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG006 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 48  96 %REC 
NC22SDG006 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG006 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG006 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG006 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG006 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG006 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 52  104 %REC 
NC22SDG006 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG006 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG006 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG006 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG006 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG006 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 47  94 %REC 
NC22SDG006 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 48  96 %REC 
NC22SDG007 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 53  106 %REC 
NC22SDG007 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG007 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 50  100 %REC 
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NC22SDG007 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG007 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG007 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 50  100 %REC 
NC22SDG007 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG007 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 55  110 %REC 
NC22SDG007 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG007 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 49  98 %REC 
NC22SDG007 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG007 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG007 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG007 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG007 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG007 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 52  104 %REC 
NC22SDG007 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG007 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 50  100 %REC 
NC22SDG007 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG007 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG007 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG007 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG007 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG007 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 53  106 %REC 
NC22SDG007 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG007 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG007 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG007 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG007 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG007 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 51  102 %REC 
NC22SDG007 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 50  100 %REC 
NC22SDG008 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 40  80 %REC 
NC22SDG008 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG008 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 41  82 %REC 
NC22SDG008 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG008 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG008 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 40  80 %REC 
NC22SDG008 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
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NC22SDG008 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 46  92 %REC 
NC22SDG008 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG008 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 40  80 %REC 
NC22SDG008 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG008 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG008 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG008 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG008 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG008 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 41  82 %REC 
NC22SDG008 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG008 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 40  80 %REC 
NC22SDG008 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG008 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG008 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG008 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG008 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG008 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 40  80 %REC 
NC22SDG008 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG008 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG008 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG008 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG008 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG008 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 39  78 %REC 
NC22SDG008 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 40  80 %REC 
NC22SDG009 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 47  94 %REC 
NC22SDG009 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG009 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 48  96 %REC 
NC22SDG009 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG009 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG009 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 47  94 %REC 
NC22SDG009 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG009 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 49  98 %REC 
NC22SDG009 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG009 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 46  92 %REC 
NC22SDG009 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  











 



 
 



C-232



Sample Delivery 
Group 



Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier QC 
Result 



QC Units 



NC22SDG009 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG009 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG009 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG009 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG009 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 47  94 %REC 
NC22SDG009 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG009 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 45  90 %REC 
NC22SDG009 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG009 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG009 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG009 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG009 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG009 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 45  90 %REC 
NC22SDG009 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG009 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG009 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG009 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG009 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG009 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 44  88 %REC 
NC22SDG009 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 45  90 %REC 
NC22SDG010 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 50  100 %REC 
NC22SDG010 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG010 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 54  108 %REC 
NC22SDG010 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG010 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG010 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 52  104 %REC 
NC22SDG010 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG010 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 56  112 %REC 
NC22SDG010 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG010 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 53  106 %REC 
NC22SDG010 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG010 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG010 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG010 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG010 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
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NC22SDG010 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 53  106 %REC 
NC22SDG010 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG010 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 52  104 %REC 
NC22SDG010 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG010 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG010 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG010 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG010 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG010 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 52  104 %REC 
NC22SDG010 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG010 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG010 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG010 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG010 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG010 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 60  120 %REC 
NC22SDG010 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 56  112 %REC 
NC22SDG011 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 53  106 %REC 
NC22SDG011 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG011 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 50  100 %REC 
NC22SDG011 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG011 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG011 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 48  96 %REC 
NC22SDG011 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG011 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 50  100 %REC 
NC22SDG011 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG011 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 48  96 %REC 
NC22SDG011 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG011 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG011 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG011 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG011 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG011 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 46  92 %REC 
NC22SDG011 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG011 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 45  90 %REC 
NC22SDG011 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
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NC22SDG011 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG011 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG011 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG011 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG011 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 54  108 %REC 
NC22SDG011 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG011 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG011 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG011 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG011 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG011 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 57  114 %REC 
NC22SDG011 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 50  100 %REC 
NC22SDG012 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 56  112 %REC 
NC22SDG012 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG012 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 55  110 %REC 
NC22SDG012 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG012 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG012 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 53  106 %REC 
NC22SDG012 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG012 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 58  116 %REC 
NC22SDG012 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG012 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 56  112 %REC 
NC22SDG012 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG012 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG012 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG012 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG012 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG012 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 48  96 %REC 
NC22SDG012 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG012 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 50  100 %REC 
NC22SDG012 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG012 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG012 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG012 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG012 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
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NC22SDG012 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 54  108 %REC 
NC22SDG012 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG012 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG012 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG012 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG012 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG012 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 52  104 %REC 
NC22SDG012 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 51  102 %REC 
NC22SDG013 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 53  106 %REC 
NC22SDG013 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG013 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 54  108 %REC 
NC22SDG013 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG013 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG013 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 53  106 %REC 
NC22SDG013 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG013 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 56  112 %REC 
NC22SDG013 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG013 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 54  108 %REC 
NC22SDG013 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG013 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG013 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG013 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG013 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG013 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 53  106 %REC 
NC22SDG013 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG013 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 52  104 %REC 
NC22SDG013 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG013 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG013 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG013 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG013 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG013 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 59  118 %REC 
NC22SDG013 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG013 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG013 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
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NC22SDG013 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG013 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG013 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 67  134 %REC 
NC22SDG013 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 58  116 %REC 
NC22SDG014 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 83  83 %REC 
NC22SDG014 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG014 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 84  84 %REC 
NC22SDG014 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG014 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG014 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 84  84 %REC 
NC22SDG014 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG014 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 91  91 %REC 
NC22SDG014 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG014 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 86  86 %REC 
NC22SDG014 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG014 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG014 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG014 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG014 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG014 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 87  87 %REC 
NC22SDG014 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG014 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 86  86 %REC 
NC22SDG014 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG014 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG014 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG014 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG014 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG014 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 100  100 %REC 
NC22SDG014 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG014 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG014 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG014 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG014 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG014 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 100  100 %REC 
NC22SDG014 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 90  90 %REC 
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NC22SDG015 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 100  100 %REC 
NC22SDG015 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG015 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 98  98 %REC 
NC22SDG015 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG015 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG015 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 96  96 %REC 
NC22SDG015 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG015 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 100  100 %REC 
NC22SDG015 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG015 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 96  96 %REC 
NC22SDG015 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG015 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG015 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG015 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG015 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG015 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 93  93 %REC 
NC22SDG015 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG015 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 96  96 %REC 
NC22SDG015 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG015 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG015 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG015 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG015 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG015 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 99  99 %REC 
NC22SDG015 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG015 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG015 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG015 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG015 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG015 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 93  93 %REC 
NC22SDG015 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 88  88 %REC 
NC22SDG016 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 52  104 %REC 
NC22SDG016 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG016 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 53  106 %REC 
NC22SDG016 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
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NC22SDG016 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG016 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 51  102 %REC 
NC22SDG016 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG016 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 63  126 %REC 
NC22SDG016 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG016 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 56  0  
NC22SDG016 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG016 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG016 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG016 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG016 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG016 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 58  116 %REC 
NC22SDG016 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG016 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 54  108 %REC 
NC22SDG016 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG016 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG016 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG016 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG016 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG016 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 66  132 %REC 
NC22SDG016 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG016 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG016 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG016 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG016 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG016 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 69  138 %REC 
NC22SDG016 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 69  0  
NC22SDG017 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 50  100 %REC 
NC22SDG017 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG017 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 48  96 %REC 
NC22SDG017 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG017 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG017 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 48  96 %REC 
NC22SDG017 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG017 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 54  108 %REC 
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NC22SDG017 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG017 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 51  102 %REC 
NC22SDG017 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG017 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG017 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG017 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG017 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG017 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 49  98 %REC 
NC22SDG017 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG017 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 47  94 %REC 
NC22SDG017 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG017 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG017 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG017 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG017 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG017 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 51  102 %REC 
NC22SDG017 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG017 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG017 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG017 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG017 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG017 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 42  84 %REC 
NC22SDG017 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 44  88 %REC 
NC22SDG018 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 50  100 %REC 
NC22SDG018 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG018 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 50  100 %REC 
NC22SDG018 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG018 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG018 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 52  104 %REC 
NC22SDG018 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG018 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 60  120 %REC 
NC22SDG018 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG018 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 52  104 %REC 
NC22SDG018 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG018 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
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NC22SDG018 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG018 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG018 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG018 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 48  96 %REC 
NC22SDG018 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG018 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 52  104 %REC 
NC22SDG018 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG018 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG018 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG018 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG018 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG018 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 53  106 %REC 
NC22SDG018 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG018 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG018 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG018 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG018 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG018 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 60  120 %REC 
NC22SDG018 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 65  130 %REC 
NC22SDG019 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 54  108 %REC 
NC22SDG019 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG019 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 51  102 %REC 
NC22SDG019 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG019 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG019 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 51  102 %REC 
NC22SDG019 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG019 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 56  112 %REC 
NC22SDG019 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG019 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 50  100 %REC 
NC22SDG019 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG019 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG019 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG019 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG019 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG019 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 54  108 %REC 
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NC22SDG019 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG019 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 52  104 %REC 
NC22SDG019 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG019 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG019 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG019 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG019 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG019 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 60  120 %REC 
NC22SDG019 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG019 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG019 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG019 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG019 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG019 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 58  116 %REC 
NC22SDG019 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 55  110 %REC 
NC22SDG020 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 52  104 %REC 
NC22SDG020 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG020 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 50  100 %REC 
NC22SDG020 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG020 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG020 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 51  102 %REC 
NC22SDG020 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG020 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 56  112 %REC 
NC22SDG020 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG020 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 51  102 %REC 
NC22SDG020 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG020 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG020 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG020 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG020 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG020 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 50  100 %REC 
NC22SDG020 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG020 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 50  100 %REC 
NC22SDG020 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG020 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
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NC22SDG020 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG020 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG020 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG020 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 53  106 %REC 
NC22SDG020 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG020 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG020 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG020 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG020 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG020 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 59  118 %REC 
NC22SDG020 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 52  104 %REC 
NC22SDG021 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 40  80 %REC 
NC22SDG021 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG021 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 40  80 %REC 
NC22SDG021 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG021 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG021 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 43  86 %REC 
NC22SDG021 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG021 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 58  116 %REC 
NC22SDG021 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG021 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 48  96 %REC 
NC22SDG021 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG021 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG021 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG021 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG021 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG021 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 52  104 %REC 
NC22SDG021 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG021 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 51  102 %REC 
NC22SDG021 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG021 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG021 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG021 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG021 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG021 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 61  122 %REC 
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NC22SDG021 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG021 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG021 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG021 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG021 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG021 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 61  122 %REC 
NC22SDG021 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 53  106 %REC 
NC22SDG022 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 52  104 %REC 
NC22SDG022 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG022 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 51  102 %REC 
NC22SDG022 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG022 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG022 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 48  96 %REC 
NC22SDG022 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG022 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 49  98 %REC 
NC22SDG022 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG022 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 49  98 %REC 
NC22SDG022 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG022 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG022 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG022 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG022 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG022 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 48  96 %REC 
NC22SDG022 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG022 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 48  96 %REC 
NC22SDG022 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG022 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG022 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG022 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG022 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG022 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 59  118 %REC 
NC22SDG022 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG022 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG022 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG022 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
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NC22SDG022 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG022 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 52  104 %REC 
NC22SDG022 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 55  110 %REC 
NC22SDG023 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 55  110 %REC 
NC22SDG023 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG023 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 50  100 %REC 
NC22SDG023 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG023 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG023 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 50  100 %REC 
NC22SDG023 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG023 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 60  120 %REC 
NC22SDG023 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG023 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 57  114 %REC 
NC22SDG023 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG023 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG023 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG023 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG023 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG023 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 54  108 %REC 
NC22SDG023 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG023 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 59  118 %REC 
NC22SDG023 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG023 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG023 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG023 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG023 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG023 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 59  118 %REC 
NC22SDG023 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG023 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG023 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG023 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG023 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG023 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 57  114 %REC 
NC22SDG023 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 61  122 %REC 
NC22SDG024 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 50  99 %REC 
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NC22SDG024 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG024 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 50  100 %REC 
NC22SDG024 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG024 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG024 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 50  100 %REC 
NC22SDG024 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG024 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 66  132 %REC 
NC22SDG024 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG024 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 60  120 %REC 
NC22SDG024 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG024 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG024 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG024 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG024 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG024 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 61  122 %REC 
NC22SDG024 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG024 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 60  120 %REC 
NC22SDG024 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG024 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG024 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG024 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG024 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG024 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 70  140 %REC 
NC22SDG024 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG024 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG024 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG024 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG024 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG024 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 72  144 %REC 
NC22SDG024 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 67  134 %REC 
NC22SDG025 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 35  70 %REC 
NC22SDG025 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG025 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 43  86 %REC 
NC22SDG025 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG025 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
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NC22SDG025 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 46  92 %REC 
NC22SDG025 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG025 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 54  108 %REC 
NC22SDG025 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG025 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 56  112 %REC 
NC22SDG025 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG025 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG025 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG025 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG025 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG025 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 51  102 %REC 
NC22SDG025 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG025 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 55  110 %REC 
NC22SDG025 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG025 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG025 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG025 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG025 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG025 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 62  124 %REC 
NC22SDG025 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG025 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG025 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG025 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG025 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG025 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 54  108 %REC 
NC22SDG025 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 49  98 %REC 
NC22SDG026 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.84 ng/L 39  78 %REC 
NC22SDG026 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.84 ng/L 46  92 %REC 
NC22SDG026 1 L 18 - 2,2',5-Trichlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 1 ng/L 42  84 %REC 
NC22SDG026 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 1 ng/L 45  90 %REC 
NC22SDG026 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG026 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.59 ng/L 44  88 %REC 
NC22SDG026 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.59 ng/L 47  94 %REC 
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NC22SDG026 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 1.1 ng/L 52  104 %REC 
NC22SDG026 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 1.1 ng/L 59  118 %REC 
NC22SDG026 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG026 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.72 ng/L 49  98 %REC 
NC22SDG026 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.72 ng/L 54  108 %REC 
NC22SDG026 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.81 ng/L 0 ND 0  
NC22SDG026 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG026 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 0  
NC22SDG026 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.5 ng/L 52  104 %REC 
NC22SDG026 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.5 ng/L 57  114 %REC 
NC22SDG026 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 1.1 ng/L 0 ND 0  
NC22SDG026 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.54 ng/L 53  106 %REC 
NC22SDG026 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.54 ng/L 57  114 %REC 
NC22SDG026 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG026 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG026 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG026 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 1.3 ng/L 58  116 %REC 
NC22SDG026 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 1.3 ng/L 64  128 %REC 
NC22SDG026 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.74 ng/L 0 ND 0  
NC22SDG026 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 1 ng/L 0 ND 0  
NC22SDG026 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 0  
NC22SDG026 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 1.4 ng/L 0 ND 0  
NC22SDG026 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 1.2 ng/L 0 ND 0  
NC22SDG026 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.45 ng/L 56  112 %REC 
NC22SDG026 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.45 ng/L 60  120 %REC 
NC22SDG026 1 L 209 - Decachlorobiphenyl 5 1.1 ng/L 54  108 %REC 
NC22SDG026 1 L 209 - Decachlorobiphenyl 5 1.1 ng/L 58  116 %REC 
NC22SDG050 0.25 g 8 - 2,4'-Dichlorobiphenyl 160 12 ug/Kg 4000  100 %REC 
NC22SDG050 0.25 g 18 - 2,2',5-Trichlorobiphenyl 160 14 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 28 - 2,4,4'-Trichlorobiphenyl 160 14 ug/Kg 4000  100 %REC 











 



 
 



C-248



Sample Delivery 
Group 



Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier QC 
Result 



QC Units 



NC22SDG050 0.25 g 44 - 2,2',3,5'-Tetrachlorobiphenyl 160 12 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 49 - 2,2',4,5'-Tetrachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 52 - 2,2',5,5'-Tetrachlorobiphenyl 160 15 ug/Kg 4100  103 %REC 
NC22SDG050 0.25 g 66 - 2,3',4,4'-Tetrachlorobiphenyl 160 17 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 77 - 3,3',4,4'-Tetrachlorobiphenyl 160 22 ug/Kg 4300  108 %REC 
NC22SDG050 0.25 g 87 - 2,2',3,4,5'-Pentachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 101 - 2,2',4,5,5'-Pentachlorobiphenyl 160 13 ug/Kg 4200  105 %REC 
NC22SDG050 0.25 g 105 - 2,3,3',4,4'-Pentachlorobiphenyl 160 21 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 114 - 2,3,4,4',5-Pentachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 118 - 2,3',4,4',5-Pentachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 123 - 2',3,4,4',5-Pentachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 126 - 3,3',4,4',5-Pentachlorobiphenyl 160 47 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 160 22 ug/Kg 4200  105 %REC 
NC22SDG050 0.25 g 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 160 31 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 160 24 ug/Kg 4100  103 %REC 
NC22SDG050 0.25 g 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 160 14 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 160 31 ug/Kg 4500  113 %REC 
NC22SDG050 0.25 g 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 160 14 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 160 32 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 160 21 ug/Kg 0 ND 0  
NC22SDG050 0.25 g 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 160 36 ug/Kg 5200  124 %REC 
NC22SDG050 0.25 g 209 - Decachlorobiphenyl 160 25 ug/Kg 4700  116 %REC 
NC22SDG053 0.25 g 8 - 2,4'-Dichlorobiphenyl 32 34 ug/Kg 4200  105 %REC 
NC22SDG053 0.25 g 18 - 2,2',5-Trichlorobiphenyl 32 70 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 28 - 2,4,4'-Trichlorobiphenyl 32 48 ug/Kg 4000  100 %REC 
NC22SDG053 0.25 g 44 - 2,2',3,5'-Tetrachlorobiphenyl 32 24 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 49 - 2,2',4,5'-Tetrachlorobiphenyl 32 53 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 52 - 2,2',5,5'-Tetrachlorobiphenyl 32 21 ug/Kg 4100  102 %REC 
NC22SDG053 0.25 g 66 - 2,3',4,4'-Tetrachlorobiphenyl 32 26 ug/Kg 18 JB 0  
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NC22SDG053 0.25 g 77 - 3,3',4,4'-Tetrachlorobiphenyl 32 38 ug/Kg 4800  120 %REC 
NC22SDG053 0.25 g 87 - 2,2',3,4,5'-Pentachlorobiphenyl 32 53 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 101 - 2,2',4,5,5'-Pentachlorobiphenyl 32 19 ug/Kg 4100  102 %REC 
NC22SDG053 0.25 g 105 - 2,3,3',4,4'-Pentachlorobiphenyl 32 22 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 118 - 2,3',4,4',5-Pentachlorobiphenyl 32 26 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 126 - 3,3',4,4',5-Pentachlorobiphenyl 32 59 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 32 26 ug/Kg 4400  110 %REC 
NC22SDG053 0.25 g 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 32 29 ug/Kg 51 B 0  
NC22SDG053 0.25 g 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 32 26 ug/Kg 4800  119 %REC 
NC22SDG053 0.25 g 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 32 53 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 32 53 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 32 100 ug/Kg 450 B 0  
NC22SDG053 0.25 g 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 32 29 ug/Kg 4700  111 %REC 
NC22SDG053 0.25 g 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 32 53 ug/Kg 8.3 JB 0  
NC22SDG053 0.25 g 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 32 53 ug/Kg 0 ND 0  
NC22SDG053 0.25 g 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 32 45 ug/Kg 130 B 0  
NC22SDG053 0.25 g 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 32 21 ug/Kg 6 JB 0  
NC22SDG053 0.25 g 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 32 18 ug/Kg 5100 B 35 %REC 
NC22SDG053 0.25 g 209 - Decachlorobiphenyl 32 21 ug/Kg 4600 B 85 %REC 
NC22SDG054 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 42  84 %REC 
NC22SDG054 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG054 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 43  86 %REC 
NC22SDG054 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG054 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC22SDG054 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 44  88 %REC 
NC22SDG054 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG054 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 47  94 %REC 
NC22SDG054 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG054 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 48  96 %REC 
NC22SDG054 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC22SDG054 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC22SDG054 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC22SDG054 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC22SDG054 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC22SDG054 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 44  88 %REC 
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NC22SDG054 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC22SDG054 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 47  94 %REC 
NC22SDG054 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC22SDG054 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
NC22SDG054 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG054 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC22SDG054 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC22SDG054 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 53  106 %REC 
NC22SDG054 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC22SDG054 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC22SDG054 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC22SDG054 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC22SDG054 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC22SDG054 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 50  100 %REC 
NC22SDG054 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 50  100 %REC 
NC28SDG001 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 43  86 %REC 
NC28SDG001 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC28SDG001 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 45  90 %REC 
NC28SDG001 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC28SDG001 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 0  
NC28SDG001 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 48  96 %REC 
NC28SDG001 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC28SDG001 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 54  108 %REC 
NC28SDG001 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC28SDG001 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 53  106 %REC 
NC28SDG001 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 0  
NC28SDG001 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 0  
NC28SDG001 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 0  
NC28SDG001 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 0  
NC28SDG001 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 0  
NC28SDG001 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 50  100 %REC 
NC28SDG001 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 0  
NC28SDG001 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 48  96 %REC 
NC28SDG001 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 0  
NC28SDG001 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 0  
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NC28SDG001 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC28SDG001 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 0  
NC28SDG001 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 0  
NC28SDG001 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 53  106 %REC 
NC28SDG001 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG001 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 0  
NC28SDG001 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 0  
NC28SDG001 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 0  
NC28SDG001 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 0  
NC28SDG001 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 46  92 %REC 
NC28SDG001 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 46  92 %REC 
NC28SDG002 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 45  90 %REC 
NC28SDG002 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG002 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 46  92 %REC 
NC28SDG002 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG002 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG002 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 45  90 %REC 
NC28SDG002 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG002 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 50  100 %REC 
NC28SDG002 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG002 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 50  100 %REC 
NC28SDG002 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG002 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG002 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG002 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG002 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG002 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 49  98 %REC 
NC28SDG002 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG002 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 49  98 %REC 
NC28SDG002 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG002 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG002 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG002 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG002 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG002 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 53  106 %REC 
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NC28SDG002 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG002 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG002 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG002 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG002 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG002 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 48  96 %REC 
NC28SDG002 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 49  98 %REC 
NC28SDG003 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 40  80 %REC 
NC28SDG003 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG003 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 42  84 %REC 
NC28SDG003 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG003 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG003 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 43  86 %REC 
NC28SDG003 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG003 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 50  100 %REC 
NC28SDG003 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG003 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 48  96 %REC 
NC28SDG003 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG003 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG003 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG003 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG003 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG003 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 45  90 %REC 
NC28SDG003 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG003 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 48  96 %REC 
NC28SDG003 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG003 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG003 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG003 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG003 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG003 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 48  96 %REC 
NC28SDG003 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG003 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG003 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG003 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
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NC28SDG003 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG003 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 46  92 %REC 
NC28SDG003 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 44  88 %REC 
NC28SDG004 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 47  94 %REC 
NC28SDG004 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG004 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 51  102 %REC 
NC28SDG004 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG004 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG004 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 52  104 %REC 
NC28SDG004 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG004 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 66  132 %REC 
NC28SDG004 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG004 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 64  128 %REC 
NC28SDG004 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG004 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG004 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG004 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG004 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG004 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 60  120 %REC 
NC28SDG004 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG004 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 61  122 %REC 
NC28SDG004 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG004 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG004 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG004 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG004 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG004 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 64  128 %REC 
NC28SDG004 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG004 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG004 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG004 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG004 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG004 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 67  134 %REC 
NC28SDG004 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 61  122 %REC 
NC28SDG005 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 48  96 %REC 
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NC28SDG005 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG005 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 52  104 %REC 
NC28SDG005 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG005 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG005 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 56  112 %REC 
NC28SDG005 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG005 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 66  132 %REC 
NC28SDG005 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG005 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 65  130 %REC 
NC28SDG005 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG005 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG005 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG005 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG005 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG005 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 60  120 %REC 
NC28SDG005 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG005 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 60  120 %REC 
NC28SDG005 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG005 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG005 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG005 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG005 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG005 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 72  144 %REC 
NC28SDG005 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG005 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG005 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG005 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG005 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG005 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 65  130 %REC 
NC28SDG005 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 62  124 %REC 
NC28SDG006 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 110  110 %REC 
NC28SDG006 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG006 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 110  110 %REC 
NC28SDG006 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG006 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
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NC28SDG006 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 110  110 %REC 
NC28SDG006 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG006 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 120  120 %REC 
NC28SDG006 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG006 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 110  110 %REC 
NC28SDG006 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG006 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG006 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG006 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG006 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG006 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 110  110 %REC 
NC28SDG006 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG006 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 110  110 %REC 
NC28SDG006 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG006 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG006 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG006 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG006 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG006 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 120  120 %REC 
NC28SDG006 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG006 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG006 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG006 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG006 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG006 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 120  120 %REC 
NC28SDG006 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 120  120 %REC 
NC28SDG007 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 51  102 %REC 
NC28SDG007 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG007 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 53  106 %REC 
NC28SDG007 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG007 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG007 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 57  114 %REC 
NC28SDG007 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG007 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 71  142 %REC 
NC28SDG007 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
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NC28SDG007 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 67  134 %REC 
NC28SDG007 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG007 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG007 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG007 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG007 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG007 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 64  128 %REC 
NC28SDG007 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG007 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 65  130 %REC 
NC28SDG007 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG007 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG007 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG007 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG007 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG007 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 72  144 %REC 
NC28SDG007 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG007 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG007 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG007 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG007 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG007 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 71  142 %REC 
NC28SDG007 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 67  134 %REC 
NC28SDG008 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 54  108 %REC 
NC28SDG008 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG008 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 56  112 %REC 
NC28SDG008 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG008 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG008 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 57  114 %REC 
NC28SDG008 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG008 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 57  114 %REC 
NC28SDG008 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG008 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 60  120 %REC 
NC28SDG008 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG008 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG008 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
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NC28SDG008 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG008 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG008 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 59  118 %REC 
NC28SDG008 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG008 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 57  114 %REC 
NC28SDG008 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG008 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG008 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG008 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG008 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG008 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 55  110 %REC 
NC28SDG008 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG008 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG008 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG008 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG008 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG008 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 56  112 %REC 
NC28SDG008 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 55  110 %REC 
NC28SDG009 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 56  112 %REC 
NC28SDG009 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG009 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 51  102 %REC 
NC28SDG009 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG009 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG009 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 52  104 %REC 
NC28SDG009 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG009 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 46  92 %REC 
NC28SDG009 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG009 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 48  96 %REC 
NC28SDG009 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG009 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG009 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG009 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG009 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG009 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 50  100 %REC 
NC28SDG009 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
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NC28SDG009 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 48  96 %REC 
NC28SDG009 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG009 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG009 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG009 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG009 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG009 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 50  100 %REC 
NC28SDG009 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG009 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG009 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG009 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG009 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG009 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 50  100 %REC 
NC28SDG009 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 49  98 %REC 
NC28SDG010 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 49  98 %REC 
NC28SDG010 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG010 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 48  96 %REC 
NC28SDG010 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG010 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG010 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 47  94 %REC 
NC28SDG010 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG010 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 51  102 %REC 
NC28SDG010 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG010 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 48  96 %REC 
NC28SDG010 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG010 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG010 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG010 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG010 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG010 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 47  94 %REC 
NC28SDG010 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG010 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 53  106 %REC 
NC28SDG010 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG010 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG010 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
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NC28SDG010 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG010 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG010 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 52  104 %REC 
NC28SDG010 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG010 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG010 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG010 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG010 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG010 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 51  102 %REC 
NC28SDG010 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 53  106 %REC 
NC28SDG011 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 52  104 %REC 
NC28SDG011 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG011 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 56  112 %REC 
NC28SDG011 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG011 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG011 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 57  114 %REC 
NC28SDG011 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG011 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 65  130 %REC 
NC28SDG011 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG011 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 65  130 %REC 
NC28SDG011 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG011 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG011 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG011 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG011 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG011 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 57  114 %REC 
NC28SDG011 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG011 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 65  130 %REC 
NC28SDG011 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG011 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG011 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG011 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG011 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG011 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 68  136 %REC 
NC28SDG011 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
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NC28SDG011 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG011 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG011 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG011 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG011 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 63  126 %REC 
NC28SDG011 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 56  112 %REC 
NC28SDG012 0.25 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 190  95 %REC 
NC28SDG012 0.25 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0.34 J 0  
NC28SDG012 0.25 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 200  100 %REC 
NC28SDG012 0.25 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG012 0.25 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG012 0.25 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 200  100 %REC 
NC28SDG012 0.25 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG012 0.25 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 260  130 %REC 
NC28SDG012 0.25 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG012 0.25 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 230  115 %REC 
NC28SDG012 0.25 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG012 0.25 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG012 0.25 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG012 0.25 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG012 0.25 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG012 0.25 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 260  130 %REC 
NC28SDG012 0.25 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG012 0.25 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 260  130 %REC 
NC28SDG012 0.25 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG012 0.25 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG012 0.25 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG012 0.25 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG012 0.25 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG012 0.25 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 340  170 %REC 
NC28SDG012 0.25 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG012 0.25 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG012 0.25 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG012 0.25 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG012 0.25 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
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NC28SDG012 0.25 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 360  180 %REC 
NC28SDG012 0.25 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 320  160 %REC 
NC28SDG013 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 50  100 %REC 
NC28SDG013 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG013 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 48  96 %REC 
NC28SDG013 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG013 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG013 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 47  91 %REC 
NC28SDG013 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG013 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 55  110 %REC 
NC28SDG013 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG013 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 51  98 %REC 
NC28SDG013 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG013 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG013 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG013 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG013 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG013 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 51  102 %REC 
NC28SDG013 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG013 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 49  94 %REC 
NC28SDG013 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG013 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG013 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG013 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG013 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG013 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 61  122 %REC 
NC28SDG013 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG013 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG013 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG013 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG013 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG013 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 62  124 %REC 
NC28SDG013 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 59  118 %REC 
NC28SDG014 0.25 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 94  94 %REC 
NC28SDG014 0.25 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
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NC28SDG014 0.25 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 94  94 %REC 
NC28SDG014 0.25 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG014 0.25 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG014 0.25 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 94  94 %REC 
NC28SDG014 0.25 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG014 0.25 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 100  100 %REC 
NC28SDG014 0.25 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG014 0.25 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 95  95 %REC 
NC28SDG014 0.25 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG014 0.25 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG014 0.25 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG014 0.25 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG014 0.25 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG014 0.25 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 97  97 %REC 
NC28SDG014 0.25 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG014 0.25 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 93  93 %REC 
NC28SDG014 0.25 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG014 0.25 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG014 0.25 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG014 0.25 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG014 0.25 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG014 0.25 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 100  100 %REC 
NC28SDG014 0.25 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG014 0.25 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG014 0.25 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG014 0.25 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG014 0.25 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG014 0.25 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 100  100 %REC 
NC28SDG014 0.25 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 95  95 %REC 
NC28SDG015 0.25 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 91  91 %REC 
NC28SDG015 0.25 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG015 0.25 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 89  89 %REC 
NC28SDG015 0.25 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG015 0.25 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG015 0.25 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 88  88 %REC 
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NC28SDG015 0.25 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG015 0.25 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 94  94 %REC 
NC28SDG015 0.25 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG015 0.25 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 91  91 %REC 
NC28SDG015 0.25 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG015 0.25 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG015 0.25 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG015 0.25 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG015 0.25 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG015 0.25 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 85  85 %REC 
NC28SDG015 0.25 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG015 0.25 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 87  87 %REC 
NC28SDG015 0.25 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG015 0.25 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG015 0.25 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG015 0.25 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG015 0.25 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG015 0.25 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 100  100 %REC 
NC28SDG015 0.25 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG015 0.25 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG015 0.25 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG015 0.25 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG015 0.25 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG015 0.25 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 110  110 %REC 
NC28SDG015 0.25 L 209 - Decachlorobiphenyl 5 0.57 ng/L 100  100 %REC 
NC28SDG016 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 27  108 %REC 
NC28SDG016 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG016 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 28  112 %REC 
NC28SDG016 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG016 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG016 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 29  116 %REC 
NC28SDG016 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG016 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 32  128 %REC 
NC28SDG016 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG016 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 28  112 %REC 
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NC28SDG016 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG016 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG016 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG016 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG016 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG016 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 30  120 %REC 
NC28SDG016 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG016 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 32  128 %REC 
NC28SDG016 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG016 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG016 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG016 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG016 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG016 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 34  136 %REC 
NC28SDG016 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG016 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG016 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG016 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG016 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG016 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 33  132 %REC 
NC28SDG016 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 32  128 %REC 
NC28SDG017 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 24  96 %REC 
NC28SDG017 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG017 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 23  92 %REC 
NC28SDG017 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG017 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG017 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 24  96 %REC 
NC28SDG017 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG017 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 21  84 %REC 
NC28SDG017 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG017 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 20  80 %REC 
NC28SDG017 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG017 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG017 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG017 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
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NC28SDG017 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG017 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 18  72 %REC 
NC28SDG017 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG017 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 21  84 %REC 
NC28SDG017 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG017 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG017 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG017 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG017 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG017 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 23  92 %REC 
NC28SDG017 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG017 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG017 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG017 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG017 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG017 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 26  104 %REC 
NC28SDG017 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 24  96 %REC 
NC28SDG018 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 49  98 %REC 
NC28SDG018 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG018 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 45  90 %REC 
NC28SDG018 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG018 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG018 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 42  84 %REC 
NC28SDG018 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG018 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 47  94 %REC 
NC28SDG018 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG018 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 43  86 %REC 
NC28SDG018 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG018 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG018 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG018 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG018 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG018 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 41  82 %REC 
NC28SDG018 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG018 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 42  84 %REC 
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NC28SDG018 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG018 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG018 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG018 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG018 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG018 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 45  90 %REC 
NC28SDG018 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG018 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG018 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG018 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG018 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG018 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 46  92 %REC 
NC28SDG018 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 46  92 %REC 
NC28SDG019 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 54  108 %REC 
NC28SDG019 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG019 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 52  104 %REC 
NC28SDG019 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG019 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG019 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 52  104 %REC 
NC28SDG019 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG019 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 56  112 %REC 
NC28SDG019 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG019 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 56  112 %REC 
NC28SDG019 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG019 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG019 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG019 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG019 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG019 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 54  108 %REC 
NC28SDG019 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG019 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 51  102 %REC 
NC28SDG019 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG019 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG019 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG019 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
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NC28SDG019 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG019 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 58  116 %REC 
NC28SDG019 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG019 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG019 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG019 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG019 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG019 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 53  106 %REC 
NC28SDG019 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 56  112 %REC 
NC28SDG020 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 26  104 %REC 
NC28SDG020 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG020 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 28  112 %REC 
NC28SDG020 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG020 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG020 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 26  104 %REC 
NC28SDG020 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG020 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 27  108 %REC 
NC28SDG020 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG020 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 27  108 %REC 
NC28SDG020 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG020 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG020 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG020 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG020 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG020 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 25  100 %REC 
NC28SDG020 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG020 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 27  108 %REC 
NC28SDG020 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG020 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG020 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG020 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG020 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG020 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 30  120 %REC 
NC28SDG020 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG020 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
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NC28SDG020 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG020 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG020 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG020 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 29  116 %REC 
NC28SDG020 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 28  112 %REC 
NC28SDG021 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 25  100 %REC 
NC28SDG021 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG021 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 25  100 %REC 
NC28SDG021 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG021 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 0  
NC28SDG021 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 24  96 %REC 
NC28SDG021 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG021 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 30  120 %REC 
NC28SDG021 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 0  
NC28SDG021 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 27  108 %REC 
NC28SDG021 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 0  
NC28SDG021 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG021 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG021 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 0  
NC28SDG021 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 0  
NC28SDG021 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 28  112 %REC 
NC28SDG021 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 0  
NC28SDG021 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 27  108 %REC 
NC28SDG021 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 0  
NC28SDG021 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG021 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG021 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 0  
NC28SDG021 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 0  
NC28SDG021 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 31  124 %REC 
NC28SDG021 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 0  
NC28SDG021 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 0  
NC28SDG021 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 0  
NC28SDG021 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 0  
NC28SDG021 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 0  
NC28SDG021 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 29  116 %REC 
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NC28SDG021 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 26  104 %REC 
NC28SDG022 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 53  106 %REC 
NC28SDG022 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG022 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 48  96 %REC 
NC28SDG022 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG022 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG022 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 55  110 %REC 
NC28SDG022 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG022 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 50  100 %REC 
NC28SDG022 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG022 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 48  96 %REC 
NC28SDG022 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG022 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG022 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG022 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG022 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG022 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 47  94 %REC 
NC28SDG022 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG022 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 42  84 %REC 
NC28SDG022 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG022 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG022 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG022 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG022 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG022 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 51  102 %REC 
NC28SDG022 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG022 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG022 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG022 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG022 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG022 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 51  102 %REC 
NC28SDG022 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 50  100 %REC 
NC28SDG023 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 52  104 %REC 
NC28SDG023 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG023 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 52  104 %REC 
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NC28SDG023 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG023 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC28SDG023 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 53  106 %REC 
NC28SDG023 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG023 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 54  108 %REC 
NC28SDG023 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG023 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 53  106 %REC 
NC28SDG023 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC28SDG023 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC28SDG023 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC28SDG023 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC28SDG023 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC28SDG023 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 46  92 %REC 
NC28SDG023 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC28SDG023 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 46  92 %REC 
NC28SDG023 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC28SDG023 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC28SDG023 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG023 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC28SDG023 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC28SDG023 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 54  108 %REC 
NC28SDG023 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC28SDG023 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC28SDG023 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC28SDG023 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC28SDG023 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC28SDG023 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 56  112 %REC 
NC28SDG023 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 57  114 %REC 
NC34SDG001 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 44  88 %REC 
NC34SDG001 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG001 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 47  94 %REC 
NC34SDG001 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG001 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG001 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 44  88 %REC 
NC34SDG001 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
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NC34SDG001 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 48  96 %REC 
NC34SDG001 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG001 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 55  110 %REC 
NC34SDG001 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG001 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG001 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG001 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG001 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG001 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 50  100 %REC 
NC34SDG001 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG001 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 48  96 %REC 
NC34SDG001 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG001 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG001 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG001 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG001 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG001 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 46  92 %REC 
NC34SDG001 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG001 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG001 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG001 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG001 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG001 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 54  108 %REC 
NC34SDG001 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 51  102 %REC 
NC34SDG002 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 51  102 %REC 
NC34SDG002 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG002 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 52  104 %REC 
NC34SDG002 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG002 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG002 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 47  94 %REC 
NC34SDG002 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG002 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 51  102 %REC 
NC34SDG002 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG002 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 57  114 %REC 
NC34SDG002 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
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NC34SDG002 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG002 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG002 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG002 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG002 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 47  94 %REC 
NC34SDG002 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG002 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 50  100 %REC 
NC34SDG002 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG002 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG002 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG002 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG002 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG002 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 53  106 %REC 
NC34SDG002 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG002 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG002 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG002 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG002 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG002 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 59  118 %REC 
NC34SDG002 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 54  108 %REC 
NC34SDG003 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 44  88 %REC 
NC34SDG003 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG003 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 47  94 %REC 
NC34SDG003 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG003 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG003 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 44  88 %REC 
NC34SDG003 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG003 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 40  80 %REC 
NC34SDG003 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG003 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 47  94 %REC 
NC34SDG003 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG003 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG003 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG003 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG003 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
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NC34SDG003 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 43  86 %REC 
NC34SDG003 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG003 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 44  88 %REC 
NC34SDG003 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG003 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG003 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG003 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG003 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG003 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 43  86 %REC 
NC34SDG003 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG003 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG003 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG003 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG003 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG003 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 40  80 %REC 
NC34SDG003 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 43  86 %REC 
NC34SDG004 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 38  76 %REC 
NC34SDG004 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG004 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 39  78 %REC 
NC34SDG004 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG004 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG004 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 37  74 %REC 
NC34SDG004 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG004 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 37  74 %REC 
NC34SDG004 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG004 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 44  88 %REC 
NC34SDG004 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG004 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG004 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG004 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG004 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG004 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 38  76 %REC 
NC34SDG004 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG004 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 43  86 %REC 
NC34SDG004 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
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NC34SDG004 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG004 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG004 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG004 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG004 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 42  84 %REC 
NC34SDG004 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG004 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG004 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG004 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG004 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG004 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 41  82 %REC 
NC34SDG004 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 40  80 %REC 
NC34SDG005 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 53  106 %REC 
NC34SDG005 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG005 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 54  108 %REC 
NC34SDG005 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG005 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG005 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 52  104 %REC 
NC34SDG005 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG005 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 49  98 %REC 
NC34SDG005 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG005 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 56  112 %REC 
NC34SDG005 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG005 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG005 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG005 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG005 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG005 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 48  96 %REC 
NC34SDG005 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG005 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 47  94 %REC 
NC34SDG005 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG005 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG005 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG005 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG005 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
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NC34SDG005 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 48  96 %REC 
NC34SDG005 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG005 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG005 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG005 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG005 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG005 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 52  104 %REC 
NC34SDG005 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 53  106 %REC 
NC34SDG006 1  8 - 2,4'-Dichlorobiphenyl 10 0.74 ng 69  69 %REC 
NC34SDG006 1  18 - 2,2',5-Trichlorobiphenyl 10 0.86 ng 0 ND 0  
NC34SDG006 1  28 - 2,4,4'-Trichlorobiphenyl 10 0.91 ng 78  78 %REC 
NC34SDG006 1  44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.74 ng 0 ND 0  
NC34SDG006 1  49 - 2,2',4,5'-Tetrachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.94 ng 80  80 %REC 
NC34SDG006 1  66 - 2,3',4,4'-Tetrachlorobiphenyl 10 1.1 ng 0 ND 0  
NC34SDG006 1  77 - 3,3',4,4'-Tetrachlorobiphenyl 10 1.4 ng 81  81 %REC 
NC34SDG006 1  87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.81 ng 86  86 %REC 
NC34SDG006 1  105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 1.3 ng 0 ND 0  
NC34SDG006 1  114 - 2,3,4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  118 - 2,3',4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  123 - 2',3,4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  126 - 3,3',4,4',5-Pentachlorobiphenyl 10 2.9 ng 0 ND 0  
NC34SDG006 1  128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 1.4 ng 80  80 %REC 
NC34SDG006 1  138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 10 1.9 ng 0 ND 0  
NC34SDG006 1  153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 10 1.5 ng 82  82 %REC 
NC34SDG006 1  156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.9 ng 0 ND 0  
NC34SDG006 1  180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 1.9 ng 76  76 %REC 
NC34SDG006 1  183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.86 ng 0 ND 0  
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NC34SDG006 1  189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 2 ng 0 ND 0  
NC34SDG006 1  195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 1.3 ng 0 ND 0  
NC34SDG006 1  206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 2.2 ng 86  86 %REC 
NC34SDG006 1  209 - Decachlorobiphenyl 10 1.5 ng 83  83 %REC 
NC34SDG007 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 50  100 %REC 
NC34SDG007 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG007 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 52  104 %REC 
NC34SDG007 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG007 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG007 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 49  98 %REC 
NC34SDG007 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG007 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 55  110 %REC 
NC34SDG007 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG007 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 60  120 %REC 
NC34SDG007 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG007 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG007 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG007 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG007 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG007 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 58  116 %REC 
NC34SDG007 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG007 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 54  108 %REC 
NC34SDG007 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG007 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG007 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG007 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG007 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG007 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 54  108 %REC 
NC34SDG007 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG007 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG007 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG007 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG007 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG007 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 55  110 %REC 
NC34SDG007 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 53  106 %REC 
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NC34SDG008 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 51  102 %REC 
NC34SDG008 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG008 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 53  106 %REC 
NC34SDG008 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG008 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG008 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 50  93 %REC 
NC34SDG008 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG008 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 53  106 %REC 
NC34SDG008 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG008 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 59  108 %REC 
NC34SDG008 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG008 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG008 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG008 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG008 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG008 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 54  108 %REC 
NC34SDG008 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG008 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 55  104 %REC 
NC34SDG008 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG008 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG008 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG008 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG008 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG008 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 53  106 %REC 
NC34SDG008 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG008 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG008 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG008 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG008 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG008 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 60  120 %REC 
NC34SDG008 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 56  112 %REC 
NC34SDG009 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 53  106 %REC 
NC34SDG009 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG009 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 52  104 %REC 
NC34SDG009 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
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NC34SDG009 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG009 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 49  98 %REC 
NC34SDG009 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG009 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 57  114 %REC 
NC34SDG009 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG009 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 60  120 %REC 
NC34SDG009 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG009 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG009 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG009 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG009 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG009 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 54  108 %REC 
NC34SDG009 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG009 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 55  110 %REC 
NC34SDG009 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG009 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG009 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG009 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG009 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG009 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 56  112 %REC 
NC34SDG009 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG009 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG009 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG009 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG009 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG009 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 55  110 %REC 
NC34SDG009 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 56  112 %REC 
NC34SDG010 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 51  102 %REC 
NC34SDG010 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG010 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 54  108 %REC 
NC34SDG010 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG010 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG010 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 46  92 %REC 
NC34SDG010 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG010 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 48  96 %REC 
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NC34SDG010 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG010 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 55  110 %REC 
NC34SDG010 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG010 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG010 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG010 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG010 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG010 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 48  96 %REC 
NC34SDG010 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG010 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 48  96 %REC 
NC34SDG010 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG010 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG010 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG010 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG010 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG010 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 44  88 %REC 
NC34SDG010 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG010 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG010 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG010 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG010 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG010 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 46  92 %REC 
NC34SDG010 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 42  84 %REC 
NC34SDG011 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 48  96 %REC 
NC34SDG011 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG011 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 48  96 %REC 
NC34SDG011 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG011 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG011 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 43  86 %REC 
NC34SDG011 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG011 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 48  96 %REC 
NC34SDG011 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG011 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 52  104 %REC 
NC34SDG011 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG011 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
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NC34SDG011 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG011 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG011 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG011 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 44  88 %REC 
NC34SDG011 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG011 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 43  86 %REC 
NC34SDG011 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG011 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG011 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG011 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG011 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG011 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 46  92 %REC 
NC34SDG011 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG011 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG011 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG011 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG011 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG011 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 41  82 %REC 
NC34SDG011 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 45  90 %REC 
NC34SDG012 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 50  100 %REC 
NC34SDG012 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG012 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 56  112 %REC 
NC34SDG012 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG012 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG012 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 48  96 %REC 
NC34SDG012 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG012 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 50  100 %REC 
NC34SDG012 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG012 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 56  112 %REC 
NC34SDG012 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG012 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG012 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG012 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG012 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG012 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 48  96 %REC 
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NC34SDG012 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG012 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 50  100 %REC 
NC34SDG012 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG012 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
NC34SDG012 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG012 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG012 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG012 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 50  100 %REC 
NC34SDG012 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG012 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG012 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG012 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG012 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG012 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 50  100 %REC 
NC34SDG012 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 50  100 %REC 
NC34SDG013 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 55  110 %REC 
NC34SDG013 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG013 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 54  108 %REC 
NC34SDG013 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG013 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 0  
NC34SDG013 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 48  96 %REC 
NC34SDG013 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG013 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 53  106 %REC 
NC34SDG013 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG013 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 51  102 %REC 
NC34SDG013 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 0  
NC34SDG013 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 0  
NC34SDG013 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 0  
NC34SDG013 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 0  
NC34SDG013 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 0  
NC34SDG013 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 48  96 %REC 
NC34SDG013 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 0  
NC34SDG013 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 45  90 %REC 
NC34SDG013 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 0  
NC34SDG013 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 0  
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NC34SDG013 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG013 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 0  
NC34SDG013 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 0  
NC34SDG013 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 54  108 %REC 
NC34SDG013 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 0  
NC34SDG013 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 0  
NC34SDG013 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 0  
NC34SDG013 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 0  
NC34SDG013 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 0  
NC34SDG013 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 60  120 %REC 
NC34SDG013 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 58  116 %REC 
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CSC81SDG001 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2060   -3.74 %DIF 
CSC81SDG001 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2140   0 %DIF 
CSC81SDG001 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2070   0.583 %DIF 
CSC81SDG001 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2100   2.04 %DIF 
CSC81SDG001 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
CSC81SDG001 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 2240   0  
CSC81SDG001 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2000   -2.63 %DIF 
CSC81SDG001 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2160   5.16 %DIF 
CSC81SDG001 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG001 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1990   -3.72 %DIF 
CSC81SDG001 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2040   -1.31 %DIF 
CSC81SDG001 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1900   -7.36 %DIF 
CSC81SDG001 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 2000   -2.49 %DIF 
CSC81SDG001 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2000   -4.62 %DIF 
CSC81SDG001 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2140   2.05 %DIF 
CSC81SDG001 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1820   -12 %DIF 
CSC81SDG001 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 2050   -0.918 %DIF 
CSC81SDG001 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1900   -6.63 %DIF 
CSC81SDG001 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1980   -2.7 %DIF 
CSC81SDG001 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1920   -5.97 %DIF 
CSC81SDG001 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 2070   1.37 %DIF 
CSC81SDG001 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG001 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1950   -5.52 %DIF 
CSC81SDG001 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2080   0.775 %DIF 
CSC81SDG001 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG001 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1880   -9.44 %DIF 
CSC81SDG001 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2070   -0.289 %DIF 
CSC81SDG001 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1910   -7.24 %DIF 
CSC81SDG001 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 2140   3.93 %DIF 
CSC81SDG001 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1830   -9.72 %DIF 
CSC81SDG001 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 2020   -0.345 %DIF 
CSC81SDG001 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1790   -12.2 %DIF 
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CSC81SDG001 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1840   -9.8 %DIF 
CSC81SDG001 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG001 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG001 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
CSC81SDG001 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG001 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1800   -12 %DIF 
CSC81SDG001 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 2120   3.67 %DIF 
CSC81SDG001 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1800   -12.6 %DIF 
CSC81SDG001 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 2050   -0.485 %DIF 
CSC81SDG001 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
CSC81SDG001 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
CSC81SDG001 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1890   -7.67 %DIF 
CSC81SDG001 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 2270   10.9 %DIF 
CSC81SDG001 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG001 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1830   -10.8 %DIF 
CSC81SDG001 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1990   -3.02 %DIF 
CSC81SDG001 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1690   -15.5 %DIF 
CSC81SDG001 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1890   -5.55 %DIF 
CSC81SDG001 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1910   -7.37 %DIF 
CSC81SDG002 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 7.4 ug/L 2140   0 %DIF 
CSC81SDG002 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2130   -0.467 %DIF 
CSC81SDG002 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 8.6 ug/L 2070   0.583 %DIF 
CSC81SDG002 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2140   3.98 %DIF 
CSC81SDG002 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 9.1 ug/L 2240   0  
CSC81SDG002 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 7.4 ug/L 2000   -2.63 %DIF 
CSC81SDG002 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2080   1.26 %DIF 
CSC81SDG002 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 20 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2080   0.629 %DIF 
CSC81SDG002 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 9.4 ug/L 2040   -1.31 %DIF 
CSC81SDG002 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1900   -7.36 %DIF 
CSC81SDG002 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1960   -4.44 %DIF 
CSC81SDG002 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1920   -8.44 %DIF 
CSC81SDG002 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 14 ug/L 2000   -4.62 %DIF 
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CSC81SDG002 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1860   -10.1 %DIF 
CSC81SDG002 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 20 ug/L 1820   -12 %DIF 
CSC81SDG002 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1890   -7.12 %DIF 
CSC81SDG002 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 8.1 ug/L 1900   -6.63 %DIF 
CSC81SDG002 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1910   -6.46 %DIF 
CSC81SDG002 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 13 ug/L 1920   -5.97 %DIF 
CSC81SDG002 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 20 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1950   -5.52 %DIF 
CSC81SDG002 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 20 ug/L 1950   -5.52 %DIF 
CSC81SDG002 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 20 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1750   -15.7 %DIF 
CSC81SDG002 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 29 ug/L 1880   -9.44 %DIF 
CSC81SDG002 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 2040   -0.923 %DIF 
CSC81SDG002 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 14 ug/L 1910   -7.24 %DIF 
CSC81SDG002 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1820   -10.2 %DIF 
CSC81SDG002 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 19 ug/L 1830   -9.72 %DIF 
CSC81SDG002 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1750   -14.2 %DIF 
CSC81SDG002 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 15 ug/L 1790   -12.2 %DIF 
CSC81SDG002 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 20 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 20 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 20 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 20 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 9 ug/L 1800   -12 %DIF 
CSC81SDG002 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1830   -10.5 %DIF 
CSC81SDG002 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1790   -13.1 %DIF 
CSC81SDG002 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 19 ug/L 1800   -12.6 %DIF 
CSC81SDG002 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
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CSC81SDG002 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 8.6 ug/L 1890   -7.67 %DIF 
CSC81SDG002 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1960   -4.25 %DIF 
CSC81SDG002 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
CSC81SDG002 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1690   -17.6 %DIF 
CSC81SDG002 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 13 ug/L 1830   -10.8 %DIF 
CSC81SDG002 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1620   -19 %DIF 
CSC81SDG002 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 22 ug/L 1690   -15.5 %DIF 
CSC81SDG002 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1830   -11.2 %DIF 
CSC81SDG002 0.05 mL 209 - Decachlorobiphenyl 100 15 ug/L 1910   -7.37 %DIF 
CSC81SDG004 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2110   -1.4 %DIF 
CSC81SDG004 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2040   -0.875 %DIF 
CSC81SDG004 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
CSC81SDG004 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2060   0.292 %DIF 
CSC81SDG004 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG004 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2000   -3.24 %DIF 
CSC81SDG004 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1940   -5.41 %DIF 
CSC81SDG004 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2010   -4.15 %DIF 
CSC81SDG004 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1760   -14.9 %DIF 
CSC81SDG004 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1910   -6.14 %DIF 
CSC81SDG004 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1950   -4.5 %DIF 
CSC81SDG004 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG004 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1960   -5.04 %DIF 
CSC81SDG004 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG004 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1670   -19.6 %DIF 
CSC81SDG004 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1890   -8.21 %DIF 
CSC81SDG004 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1850   -8.73 %DIF 
CSC81SDG004 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1770   -13.2 %DIF 
CSC81SDG004 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG004 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG004 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
CSC81SDG004 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG004 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1790   -12.5 %DIF 
CSC81SDG004 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1890   -8.25 %DIF 
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CSC81SDG004 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
CSC81SDG004 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
CSC81SDG004 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1870   -8.65 %DIF 
CSC81SDG004 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG004 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1650   -19.6 %DIF 
CSC81SDG004 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1630   -18.5 %DIF 
CSC81SDG004 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1710   -17.1 %DIF 
CSC81SDG005 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2070   -3.27 %DIF 
CSC81SDG005 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2070   0.583 %DIF 
CSC81SDG005 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1980   0  
CSC81SDG005 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1950   -5.06 %DIF 
CSC81SDG005 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG005 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1950   -5.66 %DIF 
CSC81SDG005 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1950   -4.92 %DIF 
CSC81SDG005 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2040   -2.72 %DIF 
CSC81SDG005 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1830   -11.6 %DIF 
CSC81SDG005 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1940   -4.67 %DIF 
CSC81SDG005 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1940   -5 %DIF 
CSC81SDG005 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG005 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1920   -6.98 %DIF 
CSC81SDG005 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG005 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1860   -10.4 %DIF 
CSC81SDG005 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1900   -7.72 %DIF 
CSC81SDG005 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1840   -9.22 %DIF 
CSC81SDG005 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1830   -10.3 %DIF 
CSC81SDG005 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG005 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG005 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
CSC81SDG005 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG005 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1810   -11.5 %DIF 
CSC81SDG005 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1880   -8.74 %DIF 
CSC81SDG005 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
CSC81SDG005 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
CSC81SDG005 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1930   -5.72 %DIF 
CSC81SDG005 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
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CSC81SDG005 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1770   -13.7 %DIF 
CSC81SDG005 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1770   -11.5 %DIF 
CSC81SDG005 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1880   -8.83 %DIF 
CSC81SDG006 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2040   -4.67 %DIF 
CSC81SDG006 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1960   -4.76 %DIF 
CSC81SDG006 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1850   0  
CSC81SDG006 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1820   -11.4 %DIF 
CSC81SDG006 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG006 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1940   -6.14 %DIF 
CSC81SDG006 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1790   -12.7 %DIF 
CSC81SDG006 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2050   -2.24 %DIF 
CSC81SDG006 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1680   -18.8 %DIF 
CSC81SDG006 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1760   -13.5 %DIF 
CSC81SDG006 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1710   -16.2 %DIF 
CSC81SDG006 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG006 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1830   -11.3 %DIF 
CSC81SDG006 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG006 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1800   -13.3 %DIF 
CSC81SDG006 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1730   -16 %DIF 
CSC81SDG006 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1760   -13.2 %DIF 
CSC81SDG006 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1770   -13.2 %DIF 
CSC81SDG006 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG006 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG006 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
CSC81SDG006 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG006 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1740   -14.9 %DIF 
CSC81SDG006 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1810   -12.1 %DIF 
CSC81SDG006 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
CSC81SDG006 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
CSC81SDG006 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1670   -18.4 %DIF 
CSC81SDG006 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG006 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1740   -15.2 %DIF 
CSC81SDG006 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1670   -16.5 %DIF 
CSC81SDG006 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1760   -14.6 %DIF 
CSC81SDG007 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1950   -8.88 %DIF 
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CSC81SDG007 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2000   -6.54 %DIF 
CSC81SDG007 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1960   -4.76 %DIF 
CSC81SDG007 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2060   0.0972 %DIF 
CSC81SDG007 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 200 10 ug/L 1970   0  
CSC81SDG007 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 200 10 ug/L 2070   0  
CSC81SDG007 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2100   2.24 %DIF 
CSC81SDG007 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2170   5.65 %DIF 
CSC81SDG007 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG007 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 200 5.9 ug/L 2220   0  
CSC81SDG007 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 200 5.9 ug/L 2340   0  
CSC81SDG007 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1730   -15.6 %DIF 
CSC81SDG007 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1810   -11.8 %DIF 
CSC81SDG007 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1980   -5.58 %DIF 
CSC81SDG007 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1990   -5.1 %DIF 
CSC81SDG007 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1980   -4.3 %DIF 
CSC81SDG007 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 2010   -2.85 %DIF 
CSC81SDG007 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1870   -8.11 %DIF 
CSC81SDG007 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1880   -7.62 %DIF 
CSC81SDG007 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1880   -7.93 %DIF 
CSC81SDG007 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 2060   0.881 %DIF 
CSC81SDG007 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG007 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2040   -1.16 %DIF 
CSC81SDG007 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2050   -0.678 %DIF 
CSC81SDG007 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG007 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1640   -21 %DIF 
CSC81SDG007 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1820   -12.3 %DIF 
CSC81SDG007 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1800   -12.6 %DIF 
CSC81SDG007 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1910   -7.24 %DIF 
CSC81SDG007 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1680   -17.1 %DIF 
CSC81SDG007 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1690   -16.6 %DIF 
CSC81SDG007 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 300 5.4 ug/L 1830   0  
CSC81SDG007 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 300 5.4 ug/L 1840   0  
CSC81SDG007 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG007 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 200 12 ug/L 0 ND  0  
CSC81SDG007 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
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CSC81SDG007 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG007 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 200 13 ug/L 1330   0  
CSC81SDG007 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 200 13 ug/L 1540   0  
CSC81SDG007 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 200 13 ug/L 1400   0  
CSC81SDG007 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 200 13 ug/L 1530   0  
CSC81SDG007 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
CSC81SDG007 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
CSC81SDG007 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 200 13 ug/L 1860   0  
CSC81SDG007 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 200 13 ug/L 2020   0  
CSC81SDG007 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG007 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1600   -22 %DIF 
CSC81SDG007 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1690   -17.6 %DIF 
CSC81SDG007 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1690   -15.5 %DIF 
CSC81SDG007 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1740   -13 %DIF 
CSC81SDG007 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1770   -14.2 %DIF 
CSC81SDG007 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1960   -4.95 %DIF 
CSC81SDG008 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2140   0 %DIF 
CSC81SDG008 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2030   -1.36 %DIF 
CSC81SDG008 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 200 10 ug/L 2060   -0.483 %DIF 
CSC81SDG008 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2060   0.292 %DIF 
CSC81SDG008 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG008 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 200 5.9 ug/L 2290   10.8 %DIF 
CSC81SDG008 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1890   -7.85 %DIF 
CSC81SDG008 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2150   2.53 %DIF 
CSC81SDG008 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 2060   -0.435 %DIF 
CSC81SDG008 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1890   -7.12 %DIF 
CSC81SDG008 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 2010   -1.57 %DIF 
CSC81SDG008 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG008 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2040   -1.16 %DIF 
CSC81SDG008 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG008 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1790   -13.8 %DIF 
CSC81SDG008 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 2010   -2.38 %DIF 
CSC81SDG008 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1720   -15.1 %DIF 
CSC81SDG008 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 300 5.4 ug/L 1900   -6.86 %DIF 
CSC81SDG008 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
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CSC81SDG008 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 200 12 ug/L 0 ND  0  
CSC81SDG008 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
CSC81SDG008 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG008 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 200 13 ug/L 1730   -15.4 %DIF 
CSC81SDG008 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 200 13 ug/L 1700   -17.5 %DIF 
CSC81SDG008 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
CSC81SDG008 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
CSC81SDG008 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 200 13 ug/L 2030   -0.83 %DIF 
CSC81SDG008 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG008 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 2020   -1.56 %DIF 
CSC81SDG008 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1870   -6.55 %DIF 
CSC81SDG008 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 2070   0.388 %DIF 
CSC81SDG009 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2240   4.67 %DIF 
CSC81SDG009 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1860   -9.62 %DIF 
CSC81SDG009 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 200 10 ug/L 2010   -2.9 %DIF 
CSC81SDG009 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1990   -3.12 %DIF 
CSC81SDG009 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG009 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 200 5.9 ug/L 2300   11.3 %DIF 
CSC81SDG009 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1990   -2.97 %DIF 
CSC81SDG009 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2010   -4.15 %DIF 
CSC81SDG009 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 2020   -2.37 %DIF 
CSC81SDG009 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1970   -3.19 %DIF 
CSC81SDG009 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1960   -4.02 %DIF 
CSC81SDG009 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG009 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1990   -3.58 %DIF 
CSC81SDG009 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG009 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1820   -12.3 %DIF 
CSC81SDG009 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1870   -9.18 %DIF 
CSC81SDG009 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1990   -1.82 %DIF 
CSC81SDG009 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 300 5.4 ug/L 1980   -2.94 %DIF 
CSC81SDG009 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG009 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 200 12 ug/L 0 ND  0  
CSC81SDG009 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
CSC81SDG009 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG009 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 200 13 ug/L 1650   -19.3 %DIF 
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CSC81SDG009 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 200 13 ug/L 1680   -18.4 %DIF 
CSC81SDG009 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
CSC81SDG009 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
CSC81SDG009 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 200 13 ug/L 1980   -3.27 %DIF 
CSC81SDG009 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG009 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1750   -14.7 %DIF 
CSC81SDG009 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1760   -12 %DIF 
CSC81SDG009 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1960   -4.95 %DIF 
CSC81SDG010 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2350   9.81 %DIF 
CSC81SDG010 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1810   -12 %DIF 
CSC81SDG010 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 200 10 ug/L 2090   0.966 %DIF 
CSC81SDG010 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2150   4.67 %DIF 
CSC81SDG010 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG010 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 200 5.9 ug/L 2350   13.7 %DIF 
CSC81SDG010 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 2180   6.29 %DIF 
CSC81SDG010 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2100   0.143 %DIF 
CSC81SDG010 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 2180   5.36 %DIF 
CSC81SDG010 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 2050   0.737 %DIF 
CSC81SDG010 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 2030   -0.588 %DIF 
CSC81SDG010 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG010 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2210   7.07 %DIF 
CSC81SDG010 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
CSC81SDG010 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2030   -2.22 %DIF 
CSC81SDG010 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1910   -7.24 %DIF 
CSC81SDG010 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 2130   5.08 %DIF 
CSC81SDG010 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 300 5.4 ug/L 2100   2.94 %DIF 
CSC81SDG010 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG010 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 200 12 ug/L 0 ND  0  
CSC81SDG010 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
CSC81SDG010 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
CSC81SDG010 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 200 13 ug/L 1780   -13 %DIF 
CSC81SDG010 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 200 13 ug/L 1840   -10.7 %DIF 
CSC81SDG010 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
CSC81SDG010 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
CSC81SDG010 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 200 13 ug/L 2180   6.5 %DIF 
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CSC81SDG010 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
CSC81SDG010 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1970   -4 %DIF 
CSC81SDG010 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1910   -4.55 %DIF 
CSC81SDG010 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 2050   -0.582 %DIF 
CSC81SDG011 0.05 mL 8 - 2,4'-Dichlorobiphenyl 200 8.4 ug/L 2200   2.8 %DIF 
CSC81SDG011 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 200 13 ug/L 1820   -11.6 %DIF 
CSC81SDG011 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 400 10 ug/L 1980   -4.35 %DIF 
CSC81SDG011 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 200 13 ug/L 2030   -1.17 %DIF 
CSC81SDG011 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 200 15 ug/L 0 ND  0  
CSC81SDG011 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 400 5.9 ug/L 2230   7.88 %DIF 
CSC81SDG011 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 200 13 ug/L 1960   -4.44 %DIF 
CSC81SDG011 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 200 11 ug/L 2010   -4.15 %DIF 
CSC81SDG011 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 200 15 ug/L 1970   -4.78 %DIF 
CSC81SDG011 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 200 7.2 ug/L 1870   -8.11 %DIF 
CSC81SDG011 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 200 8.1 ug/L 2010   -1.57 %DIF 
CSC81SDG011 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 200 14 ug/L 0 ND  0  
CSC81SDG011 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 200 13 ug/L 2110   2.23 %DIF 
CSC81SDG011 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 200 15 ug/L 0 ND  0  
CSC81SDG011 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 200 13 ug/L 1880   -9.44 %DIF 
CSC81SDG011 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 200 5 ug/L 1920   -6.75 %DIF 
CSC81SDG011 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 200 11 ug/L 1710   -15.6 %DIF 
CSC81SDG011 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 600 5.4 ug/L 1990   -2.45 %DIF 
CSC81SDG011 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 200 12 ug/L 0 ND  0  
CSC81SDG011 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 400 12 ug/L 0 ND  0  
CSC81SDG011 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 200 13 ug/L 0 ND  0  
CSC81SDG011 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 200 12 ug/L 0 ND  0  
CSC81SDG011 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 400 13 ug/L 1650   -19.3 %DIF 
CSC81SDG011 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 400 13 ug/L 1720   -16.5 %DIF 
CSC81SDG011 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 200 7.4 ug/L 0 ND  0  
CSC81SDG011 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 200 10 ug/L 0 ND  0  
CSC81SDG011 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 400 13 ug/L 2040   -0.342 %DIF 
CSC81SDG011 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 200 14 ug/L 0 ND  0  
CSC81SDG011 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 200 12 ug/L 1880   -8.38 %DIF 
CSC81SDG011 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 200 4.5 ug/L 1820   -9.04 %DIF 
CSC81SDG011 0.05 mL 209 - Decachlorobiphenyl 200 11 ug/L 1930   -6.4 %DIF 
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CSC81SDG012 0.05 mL 8 - 2,4'-Dichlorobiphenyl 200 8.4 ug/L 2110   -1.4 %DIF 
CSC81SDG012 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 200 13 ug/L 1900   -7.68 %DIF 
CSC81SDG012 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 400 10 ug/L 2090   0.966 %DIF 
CSC81SDG012 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 200 13 ug/L 2040   -0.682 %DIF 
CSC81SDG012 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 200 15 ug/L 0 ND  0  
CSC81SDG012 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 400 5.9 ug/L 2410   16.6 %DIF 
CSC81SDG012 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 200 13 ug/L 2100   2.39 %DIF 
CSC81SDG012 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 200 11 ug/L 2180   3.96 %DIF 
CSC81SDG012 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 200 15 ug/L 2030   -1.88 %DIF 
CSC81SDG012 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 200 7.2 ug/L 2000   -1.72 %DIF 
CSC81SDG012 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 200 8.1 ug/L 2080   1.86 %DIF 
CSC81SDG012 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 200 14 ug/L 0 ND  0  
CSC81SDG012 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 200 13 ug/L 2160   4.65 %DIF 
CSC81SDG012 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 400 15 ug/L 0 ND  0  
CSC81SDG012 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 200 13 ug/L 1940   -6.55 %DIF 
CSC81SDG012 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 200 5 ug/L 1940   -5.78 %DIF 
CSC81SDG012 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 400 11 ug/L 1790   -11.7 %DIF 
CSC81SDG012 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 600 5.4 ug/L 2030   -0.49 %DIF 
CSC81SDG012 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 200 12 ug/L 0 ND  0  
CSC81SDG012 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 400 12 ug/L 0 ND  0  
CSC81SDG012 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 200 13 ug/L 0 ND  0  
CSC81SDG012 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 200 12 ug/L 0 ND  0  
CSC81SDG012 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 400 13 ug/L 1690   -17.4 %DIF 
CSC81SDG012 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 400 13 ug/L 1750   -15 %DIF 
CSC81SDG012 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 200 7.4 ug/L 0 ND  0  
CSC81SDG012 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 200 10 ug/L 0 ND  0  
CSC81SDG012 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 400 13 ug/L 2020   -1.32 %DIF 
CSC81SDG012 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 200 14 ug/L 0 ND  0  
CSC81SDG012 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 200 12 ug/L 1820   -11.3 %DIF 
CSC81SDG012 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 200 4.5 ug/L 1830   -8.54 %DIF 
CSC81SDG012 0.05 mL 209 - Decachlorobiphenyl 200 11 ug/L 1980   -3.98 %DIF 
CSC81SDG013 0.05 mL 8 - 2,4'-Dichlorobiphenyl 200 8.4 ug/L 2740   28 %DIF 
CSC81SDG013 0.05 mL 8 - 2,4'-Dichlorobiphenyl 200 8.4 ug/L 3060   43 %DIF 
CSC81SDG013 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 200 13 ug/L 1680   -18.4 %DIF 
CSC81SDG013 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 200 13 ug/L 1770   -14 %DIF 
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CSC81SDG013 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 400 10 ug/L 1960   -5.31 %DIF 
CSC81SDG013 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 400 10 ug/L 2020   -2.42 %DIF 
CSC81SDG013 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 200 13 ug/L 2030   -1.17 %DIF 
CSC81SDG013 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 200 15 ug/L 0 ND  0  
CSC81SDG013 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 400 5.9 ug/L 2220   7.4 %DIF 
CSC81SDG013 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 400 5.9 ug/L 2300   11.3 %DIF 
CSC81SDG013 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 200 13 ug/L 1980   -3.46 %DIF 
CSC81SDG013 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 200 13 ug/L 2150   4.83 %DIF 
CSC81SDG013 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 200 11 ug/L 2020   -3.67 %DIF 
CSC81SDG013 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 200 11 ug/L 2080   -0.811 %DIF 
CSC81SDG013 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 200 15 ug/L 1960   -5.27 %DIF 
CSC81SDG013 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 200 15 ug/L 2020   -2.37 %DIF 
CSC81SDG013 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 200 7.2 ug/L 1910   -6.14 %DIF 
CSC81SDG013 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 200 7.2 ug/L 1960   -3.68 %DIF 
CSC81SDG013 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 200 8.1 ug/L 1910   -6.46 %DIF 
CSC81SDG013 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 200 8.1 ug/L 1990   -2.55 %DIF 
CSC81SDG013 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 200 14 ug/L 0 ND  0  
CSC81SDG013 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 200 13 ug/L 2060   -0.194 %DIF 
CSC81SDG013 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 200 13 ug/L 2090   1.26 %DIF 
CSC81SDG013 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 400 15 ug/L 0 ND  0  
CSC81SDG013 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 200 13 ug/L 1910   -8 %DIF 
CSC81SDG013 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 200 13 ug/L 1970   -5.1 %DIF 
CSC81SDG013 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 200 5 ug/L 1910   -7.24 %DIF 
CSC81SDG013 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 200 5 ug/L 1930   -6.26 %DIF 
CSC81SDG013 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 400 11 ug/L 1680   -17.1 %DIF 
CSC81SDG013 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 400 11 ug/L 1780   0  
CSC81SDG013 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 600 5.4 ug/L 1950   -4.41 %DIF 
CSC81SDG013 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 600 5.4 ug/L 2000   -1.96 %DIF 
CSC81SDG013 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 200 12 ug/L 0 ND  0  
CSC81SDG013 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 400 12 ug/L 0 ND  0  
CSC81SDG013 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 200 13 ug/L 0 ND  0  
CSC81SDG013 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 200 12 ug/L 0 ND  0  
CSC81SDG013 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 400 13 ug/L 1690   -17.4 %DIF 
CSC81SDG013 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 400 13 ug/L 1700   -16.9 %DIF 
CSC81SDG013 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 400 13 ug/L 1750   -15 %DIF 
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CSC81SDG013 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 400 13 ug/L 1810   -12.1 %DIF 
CSC81SDG013 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 200 7.4 ug/L 0 ND  0  
CSC81SDG013 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 200 10 ug/L 0 ND  0  
CSC81SDG013 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 400 13 ug/L 1980   -3.27 %DIF 
CSC81SDG013 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 400 13 ug/L 2000   -2.3 %DIF 
CSC81SDG013 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 200 14 ug/L 0 ND  0  
CSC81SDG013 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 200 12 ug/L 1820   -11.3 %DIF 
CSC81SDG013 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 200 12 ug/L 1890   -7.89 %DIF 
CSC81SDG013 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 200 4.5 ug/L 1800   -10 %DIF 
CSC81SDG013 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 200 4.5 ug/L 1820   -9.04 %DIF 
CSC81SDG013 0.05 mL 209 - Decachlorobiphenyl 200 11 ug/L 1900   -7.86 %DIF 
CSC81SDG013 0.05 mL 209 - Decachlorobiphenyl 200 11 ug/L 1940   -5.92 %DIF 
CSC81SDG014 0.05 mL 8 - 2,4'-Dichlorobiphenyl 200 8.4 ug/L 2550   19.2 %DIF 
CSC81SDG014 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 200 13 ug/L 1810   -12 %DIF 
CSC81SDG014 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 400 10 ug/L 2010   -2.9 %DIF 
CSC81SDG014 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 200 13 ug/L 2060   0.292 %DIF 
CSC81SDG014 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 200 15 ug/L 0 ND  0  
CSC81SDG014 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 400 5.9 ug/L 2280   10.3 %DIF 
CSC81SDG014 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 200 13 ug/L 1990   -2.97 %DIF 
CSC81SDG014 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 200 11 ug/L 2470   17.8 %DIF 
CSC81SDG014 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 200 15 ug/L 2030   -1.88 %DIF 
CSC81SDG014 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 200 7.2 ug/L 1930   -5.16 %DIF 
CSC81SDG014 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 200 8.1 ug/L 1860   -8.91 %DIF 
CSC81SDG014 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 200 14 ug/L 0 ND  0  
CSC81SDG014 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 200 13 ug/L 2060   -0.194 %DIF 
CSC81SDG014 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 400 15 ug/L 0 ND  0  
CSC81SDG014 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 200 13 ug/L 1900   -8.48 %DIF 
CSC81SDG014 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 200 5 ug/L 1850   -10.2 %DIF 
CSC81SDG014 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 400 11 ug/L 1740   -14.2 %DIF 
CSC81SDG014 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 600 5.4 ug/L 1980   -2.94 %DIF 
CSC81SDG014 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 200 12 ug/L 0 ND  0  
CSC81SDG014 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 400 12 ug/L 0 ND  0  
CSC81SDG014 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 200 13 ug/L 0 ND  0  
CSC81SDG014 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 200 12 ug/L 0 ND  0  
CSC81SDG014 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 400 13 ug/L 1650   -19.3 %DIF 
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CSC81SDG014 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 400 13 ug/L 1670   -18.9 %DIF 
CSC81SDG014 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 200 7.4 ug/L 0 ND  0  
CSC81SDG014 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 200 10 ug/L 0 ND  0  
CSC81SDG014 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 400 13 ug/L 1960   -4.25 %DIF 
CSC81SDG014 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 200 14 ug/L 0 ND  0  
CSC81SDG014 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 200 12 ug/L 1720   -16.2 %DIF 
CSC81SDG014 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 200 4.5 ug/L 1820   -9.04 %DIF 
CSC81SDG014 0.05 mL 209 - Decachlorobiphenyl 200 11 ug/L 1960   -4.95 %DIF 
NC22SDG001 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   5 %DIF 
NC22SDG001 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   5 %DIF 
NC22SDG001 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG001 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2100   5 %DIF 
NC22SDG001 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG001 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2100   5 %DIF 
NC22SDG001 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   0 %DIF 
NC22SDG001 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   5 %DIF 
NC22SDG001 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   0 %DIF 
NC22SDG001 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2000   0 %DIF 
NC22SDG001 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   0 %DIF 
NC22SDG001 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2100   5 %DIF 
NC22SDG001 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG001 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2000   0 %DIF 
NC22SDG001 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG001 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -5 %DIF 
NC22SDG001 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 2000   0 %DIF 
NC22SDG001 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -5 %DIF 
NC22SDG001 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 2000   0 %DIF 
NC22SDG001 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1900   -5 %DIF 
NC22SDG001 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -5 %DIF 
NC22SDG001 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG001 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG001 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG001 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG001 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1900   -5 %DIF 
NC22SDG001 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 2000   0 %DIF 
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NC22SDG001 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG001 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG001 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   0 %DIF 
NC22SDG001 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG001 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1900   -5 %DIF 
NC22SDG001 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 2000   0 %DIF 
NC22SDG001 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1900   -5 %DIF 
NC22SDG001 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 2000   0 %DIF 
NC22SDG001 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2100   5 %DIF 
NC22SDG002 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   5 %DIF 
NC22SDG002 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   5 %DIF 
NC22SDG002 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG002 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2100   5 %DIF 
NC22SDG002 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG002 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2100   5 %DIF 
NC22SDG002 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   0 %DIF 
NC22SDG002 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   5 %DIF 
NC22SDG002 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   0 %DIF 
NC22SDG002 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2000   0 %DIF 
NC22SDG002 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   0 %DIF 
NC22SDG002 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2100   5 %DIF 
NC22SDG002 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG002 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2000   0 %DIF 
NC22SDG002 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG002 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -5 %DIF 
NC22SDG002 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 2000   0 %DIF 
NC22SDG002 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -5 %DIF 
NC22SDG002 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 2000   0 %DIF 
NC22SDG002 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1900   -5 %DIF 
NC22SDG002 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -5 %DIF 
NC22SDG002 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG002 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG002 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG002 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG002 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1900   -5 %DIF 
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NC22SDG002 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 2000   0 %DIF 
NC22SDG002 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG002 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG002 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   0 %DIF 
NC22SDG002 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG002 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1900   -5 %DIF 
NC22SDG002 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 2000   0 %DIF 
NC22SDG002 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1900   -5 %DIF 
NC22SDG002 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 2000   0 %DIF 
NC22SDG002 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2100   5 %DIF 
NC22SDG003 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   5 %DIF 
NC22SDG003 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   5 %DIF 
NC22SDG003 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG003 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2100   5 %DIF 
NC22SDG003 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG003 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2100   5 %DIF 
NC22SDG003 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   0 %DIF 
NC22SDG003 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   5 %DIF 
NC22SDG003 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   0 %DIF 
NC22SDG003 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2000   0 %DIF 
NC22SDG003 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   0 %DIF 
NC22SDG003 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG003 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2000   0 %DIF 
NC22SDG003 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG003 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -5 %DIF 
NC22SDG003 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -5 %DIF 
NC22SDG003 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1900   -5 %DIF 
NC22SDG003 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -5 %DIF 
NC22SDG003 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG003 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG003 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG003 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG003 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1900   -5 %DIF 
NC22SDG003 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 2000   0 %DIF 
NC22SDG003 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
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NC22SDG003 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG003 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   0 %DIF 
NC22SDG003 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG003 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1900   -5 %DIF 
NC22SDG003 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1900   -5 %DIF 
NC22SDG003 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2100   5 %DIF 
NC22SDG004 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2200   2.8 %DIF 
NC22SDG004 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2200   6.9 %DIF 
NC22SDG004 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG004 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2200   7.1 %DIF 
NC22SDG004 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG004 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2100   1.6 %DIF 
NC22SDG004 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2100   2.4 %DIF 
NC22SDG004 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG004 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2100   1.5 %DIF 
NC22SDG004 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2100   3.2 %DIF 
NC22SDG004 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG004 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG004 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2100   1.7 %DIF 
NC22SDG004 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG004 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.5 %DIF 
NC22SDG004 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -7.7 %DIF 
NC22SDG004 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1900   -6.3 %DIF 
NC22SDG004 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.9 %DIF 
NC22SDG004 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG004 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG004 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG004 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG004 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1800   -12 %DIF 
NC22SDG004 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 2000   -2.9 %DIF 
NC22SDG004 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG004 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG004 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   -2.3 %DIF 
NC22SDG004 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG004 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
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NC22SDG004 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG004 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG005 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2200   2.8 %DIF 
NC22SDG005 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2200   6.9 %DIF 
NC22SDG005 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG005 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2200   7.1 %DIF 
NC22SDG005 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG005 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2100   1.6 %DIF 
NC22SDG005 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2100   2.4 %DIF 
NC22SDG005 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG005 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2100   1.5 %DIF 
NC22SDG005 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2100   3.2 %DIF 
NC22SDG005 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG005 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG005 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2100   1.7 %DIF 
NC22SDG005 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG005 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.5 %DIF 
NC22SDG005 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -7.7 %DIF 
NC22SDG005 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1900   -6.3 %DIF 
NC22SDG005 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.9 %DIF 
NC22SDG005 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG005 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG005 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG005 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG005 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1800   -12 %DIF 
NC22SDG005 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 2000   -2.9 %DIF 
NC22SDG005 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG005 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG005 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   -2.3 %DIF 
NC22SDG005 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG005 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
NC22SDG005 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG005 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG006 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   -1.9 %DIF 
NC22SDG006 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   2 %DIF 
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NC22SDG006 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG006 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2100   2.2 %DIF 
NC22SDG006 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG006 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.2 %DIF 
NC22SDG006 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG006 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   0.14 %DIF 
NC22SDG006 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   -3.3 %DIF 
NC22SDG006 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG006 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG006 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG006 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2000   -3.1 %DIF 
NC22SDG006 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG006 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1800   -13 %DIF 
NC22SDG006 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -7.7 %DIF 
NC22SDG006 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1900   -6.3 %DIF 
NC22SDG006 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.9 %DIF 
NC22SDG006 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG006 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG006 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG006 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG006 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1900   -7.1 %DIF 
NC22SDG006 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1900   -7.8 %DIF 
NC22SDG006 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG006 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG006 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   -2.3 %DIF 
NC22SDG006 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG006 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
NC22SDG006 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1900   -5 %DIF 
NC22SDG006 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG007 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   -1.9 %DIF 
NC22SDG007 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   2 %DIF 
NC22SDG007 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG007 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2100   2.2 %DIF 
NC22SDG007 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG007 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.2 %DIF 
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NC22SDG007 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG007 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   0.14 %DIF 
NC22SDG007 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   -3.3 %DIF 
NC22SDG007 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG007 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG007 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG007 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2000   -3.1 %DIF 
NC22SDG007 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG007 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1800   -13 %DIF 
NC22SDG007 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -7.7 %DIF 
NC22SDG007 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1900   -6.3 %DIF 
NC22SDG007 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.9 %DIF 
NC22SDG007 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG007 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG007 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG007 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG007 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1900   -7.1 %DIF 
NC22SDG007 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1900   -7.8 %DIF 
NC22SDG007 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG007 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG007 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   -2.3 %DIF 
NC22SDG007 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG007 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
NC22SDG007 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1900   -5 %DIF 
NC22SDG007 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG008 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2200   2.8 %DIF 
NC22SDG008 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2200   6.8 %DIF 
NC22SDG008 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG008 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.4 %DIF 
NC22SDG008 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG008 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.4 %DIF 
NC22SDG008 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.4 %DIF 
NC22SDG008 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   0 %DIF 
NC22SDG008 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   -3.4 %DIF 
NC22SDG008 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2000   -2 %DIF 
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NC22SDG008 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG008 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG008 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2200   6.8 %DIF 
NC22SDG008 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG008 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.6 %DIF 
NC22SDG008 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 2000   -2.9 %DIF 
NC22SDG008 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 2000   -1.5 %DIF 
NC22SDG008 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.9 %DIF 
NC22SDG008 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG008 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG008 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG008 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG008 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1900   -6.9 %DIF 
NC22SDG008 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1900   -7.8 %DIF 
NC22SDG008 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG008 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG008 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   -2.4 %DIF 
NC22SDG008 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG008 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 2000   -2.4 %DIF 
NC22SDG008 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG008 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1900   -7.8 %DIF 
NC22SDG009 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   -1.9 %DIF 
NC22SDG009 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2200   2.8 %DIF 
NC22SDG009 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2000   -2.8 %DIF 
NC22SDG009 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2200   6.9 %DIF 
NC22SDG009 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG009 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.6 %DIF 
NC22SDG009 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG009 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.2 %DIF 
NC22SDG009 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1900   -7.4 %DIF 
NC22SDG009 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG009 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1800   -14 %DIF 
NC22SDG009 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   0.14 %DIF 
NC22SDG009 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1900   -8.2 %DIF 
NC22SDG009 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   -3.3 %DIF 
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NC22SDG009 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG009 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2000   -1.7 %DIF 
NC22SDG009 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1900   -7 %DIF 
NC22SDG009 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG009 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG009 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
NC22SDG009 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2200   6.6 %DIF 
NC22SDG009 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG009 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1700   -18 %DIF 
NC22SDG009 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.5 %DIF 
NC22SDG009 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
NC22SDG009 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 2000   -2.9 %DIF 
NC22SDG009 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1800   -11 %DIF 
NC22SDG009 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 2000   -1.3 %DIF 
NC22SDG009 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1800   -12 %DIF 
NC22SDG009 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.9 %DIF 
NC22SDG009 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG009 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG009 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG009 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG009 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -17 %DIF 
NC22SDG009 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1900   -7.1 %DIF 
NC22SDG009 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
NC22SDG009 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1900   -7.8 %DIF 
NC22SDG009 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG009 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG009 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.2 %DIF 
NC22SDG009 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   -2.3 %DIF 
NC22SDG009 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG009 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1700   -17 %DIF 
NC22SDG009 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 2000   -2.5 %DIF 
NC22SDG009 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1700   -15 %DIF 
NC22SDG009 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG009 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1800   -13 %DIF 
NC22SDG009 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1900   -7.8 %DIF 
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NC22SDG010 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   -1.9 %DIF 
NC22SDG010 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2200   2.8 %DIF 
NC22SDG010 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2000   -2.8 %DIF 
NC22SDG010 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2200   6.9 %DIF 
NC22SDG010 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG010 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.6 %DIF 
NC22SDG010 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG010 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.2 %DIF 
NC22SDG010 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1900   -7.4 %DIF 
NC22SDG010 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG010 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1800   -14 %DIF 
NC22SDG010 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   0.14 %DIF 
NC22SDG010 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1900   -8.2 %DIF 
NC22SDG010 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   -3.3 %DIF 
NC22SDG010 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG010 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2000   -1.7 %DIF 
NC22SDG010 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1900   -7 %DIF 
NC22SDG010 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG010 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG010 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
NC22SDG010 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2200   6.6 %DIF 
NC22SDG010 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG010 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1700   -18 %DIF 
NC22SDG010 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.5 %DIF 
NC22SDG010 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
NC22SDG010 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 2000   -2.9 %DIF 
NC22SDG010 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1800   -11 %DIF 
NC22SDG010 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 2000   -1.3 %DIF 
NC22SDG010 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1800   -12 %DIF 
NC22SDG010 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.9 %DIF 
NC22SDG010 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG010 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG010 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG010 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG010 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -17 %DIF 
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NC22SDG010 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1900   -7.1 %DIF 
NC22SDG010 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
NC22SDG010 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1900   -7.8 %DIF 
NC22SDG010 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG010 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG010 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.2 %DIF 
NC22SDG010 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   -2.3 %DIF 
NC22SDG010 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG010 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1700   -17 %DIF 
NC22SDG010 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 2000   -2.5 %DIF 
NC22SDG010 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1700   -15 %DIF 
NC22SDG010 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG010 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1800   -13 %DIF 
NC22SDG010 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1900   -7.8 %DIF 
NC22SDG011 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2200   2.8 %DIF 
NC22SDG011 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   2 %DIF 
NC22SDG011 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG011 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2100   2.2 %DIF 
NC22SDG011 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG011 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.2 %DIF 
NC22SDG011 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1900   -7.4 %DIF 
NC22SDG011 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG011 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1900   -9.4 %DIF 
NC22SDG011 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   0.14 %DIF 
NC22SDG011 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1800   -13 %DIF 
NC22SDG011 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1900   -8.2 %DIF 
NC22SDG011 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG011 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2000   -1.7 %DIF 
NC22SDG011 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1900   -7 %DIF 
NC22SDG011 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG011 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG011 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1900   -7.9 %DIF 
NC22SDG011 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG011 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1800   -13 %DIF 
NC22SDG011 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
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NC22SDG011 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -7.7 %DIF 
NC22SDG011 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1800   -11 %DIF 
NC22SDG011 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1800   -12 %DIF 
NC22SDG011 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG011 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG011 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG011 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG011 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -17 %DIF 
NC22SDG011 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1800   -12 %DIF 
NC22SDG011 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
NC22SDG011 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG011 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG011 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.2 %DIF 
NC22SDG011 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG011 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
NC22SDG011 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG011 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1900   -7.8 %DIF 
NC22SDG012 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   -1.9 %DIF 
NC22SDG012 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2200   2.8 %DIF 
NC22SDG012 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   2 %DIF 
NC22SDG012 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2200   6.9 %DIF 
NC22SDG012 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG012 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 1900   -7.5 %DIF 
NC22SDG012 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2100   2.2 %DIF 
NC22SDG012 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2200   7.1 %DIF 
NC22SDG012 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG012 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.2 %DIF 
NC22SDG012 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2100   1.6 %DIF 
NC22SDG012 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1900   -7.4 %DIF 
NC22SDG012 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG012 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1900   -9.4 %DIF 
NC22SDG012 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG012 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   0.14 %DIF 
NC22SDG012 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1900   -8.2 %DIF 
NC22SDG012 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   -3.3 %DIF 
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NC22SDG012 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2000   -1.7 %DIF 
NC22SDG012 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG012 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2100   2.8 %DIF 
NC22SDG012 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG012 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1900   -7.9 %DIF 
NC22SDG012 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2100   1.7 %DIF 
NC22SDG012 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG012 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1800   -13 %DIF 
NC22SDG012 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.5 %DIF 
NC22SDG012 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
NC22SDG012 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 2000   -2.9 %DIF 
NC22SDG012 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1800   -11 %DIF 
NC22SDG012 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1900   -6.3 %DIF 
NC22SDG012 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1800   -12 %DIF 
NC22SDG012 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.9 %DIF 
NC22SDG012 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG012 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG012 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG012 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG012 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1800   -12 %DIF 
NC22SDG012 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1900   -7.1 %DIF 
NC22SDG012 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
NC22SDG012 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1900   -7.8 %DIF 
NC22SDG012 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 2100   1.9 %DIF 
NC22SDG012 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG012 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG012 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.2 %DIF 
NC22SDG012 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2100   2.6 %DIF 
NC22SDG012 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG012 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1700   -17 %DIF 
NC22SDG012 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
NC22SDG012 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1900   -7.4 %DIF 
NC22SDG012 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG012 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 2000   -0.05 %DIF 
NC22SDG012 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1900   -7.8 %DIF 
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NC22SDG012 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG012 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2100   1.8 %DIF 
NC22SDG013 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2200   2.8 %DIF 
NC22SDG013 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   2 %DIF 
NC22SDG013 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2200   6.9 %DIF 
NC22SDG013 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG013 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2100   2.2 %DIF 
NC22SDG013 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2200   7.1 %DIF 
NC22SDG013 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG013 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2100   1.6 %DIF 
NC22SDG013 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG013 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG013 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   0.14 %DIF 
NC22SDG013 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   -3.3 %DIF 
NC22SDG013 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2000   -1.7 %DIF 
NC22SDG013 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG013 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2100   2.8 %DIF 
NC22SDG013 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG013 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1900   -7.9 %DIF 
NC22SDG013 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2100   1.7 %DIF 
NC22SDG013 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG013 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1800   -13 %DIF 
NC22SDG013 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.5 %DIF 
NC22SDG013 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
NC22SDG013 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 2000   -2.9 %DIF 
NC22SDG013 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1800   -11 %DIF 
NC22SDG013 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1900   -6.3 %DIF 
NC22SDG013 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1800   -12 %DIF 
NC22SDG013 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.9 %DIF 
NC22SDG013 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG013 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG013 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG013 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG013 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -17 %DIF 
NC22SDG013 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1900   -7.1 %DIF 
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NC22SDG013 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1900   -7.8 %DIF 
NC22SDG013 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 2100   1.9 %DIF 
NC22SDG013 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG013 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG013 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.2 %DIF 
NC22SDG013 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2100   2.6 %DIF 
NC22SDG013 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG013 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
NC22SDG013 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1900   -7.4 %DIF 
NC22SDG013 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG013 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 2000   -0.05 %DIF 
NC22SDG013 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG013 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2100   1.8 %DIF 
NC22SDG014 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2200   2.8 %DIF 
NC22SDG014 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2200   6.9 %DIF 
NC22SDG014 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG014 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2200   7.1 %DIF 
NC22SDG014 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG014 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2100   1.6 %DIF 
NC22SDG014 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG014 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG014 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   -3.3 %DIF 
NC22SDG014 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2000   -1.7 %DIF 
NC22SDG014 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2100   2.8 %DIF 
NC22SDG014 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG014 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2100   1.7 %DIF 
NC22SDG014 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG014 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.5 %DIF 
NC22SDG014 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 2000   -2.9 %DIF 
NC22SDG014 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1900   -6.3 %DIF 
NC22SDG014 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.9 %DIF 
NC22SDG014 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG014 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG014 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG014 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
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NC22SDG014 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1900   -7.1 %DIF 
NC22SDG014 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 2100   1.9 %DIF 
NC22SDG014 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG014 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG014 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2100   2.6 %DIF 
NC22SDG014 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG014 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1900   -7.4 %DIF 
NC22SDG014 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 2000   -0.05 %DIF 
NC22SDG014 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2100   1.8 %DIF 
NC22SDG015 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2000   -6.5 %DIF 
NC22SDG015 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   -1.9 %DIF 
NC22SDG015 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2300   7.5 %DIF 
NC22SDG015 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   2 %DIF 
NC22SDG015 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2200   6.9 %DIF 
NC22SDG015 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG015 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 2000   0  
NC22SDG015 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.6 %DIF 
NC22SDG015 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2100   2.2 %DIF 
NC22SDG015 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG015 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1900   -8.1 %DIF 
NC22SDG015 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2100   1.6 %DIF 
NC22SDG015 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1900   -7.4 %DIF 
NC22SDG015 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG015 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG015 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   0.14 %DIF 
NC22SDG015 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1900   -8.2 %DIF 
NC22SDG015 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   -3.3 %DIF 
NC22SDG015 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG015 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2000   -1.7 %DIF 
NC22SDG015 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG015 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG015 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2000   -3.1 %DIF 
NC22SDG015 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2100   1.7 %DIF 
NC22SDG015 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG015 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1800   -13 %DIF 
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NC22SDG015 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.5 %DIF 
NC22SDG015 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
NC22SDG015 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -7.7 %DIF 
NC22SDG015 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 2000   -2.9 %DIF 
NC22SDG015 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1800   -11 %DIF 
NC22SDG015 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1900   -6.3 %DIF 
NC22SDG015 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1800   -12 %DIF 
NC22SDG015 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.9 %DIF 
NC22SDG015 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG015 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG015 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG015 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG015 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1800   -12 %DIF 
NC22SDG015 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 2000   -2.2 %DIF 
NC22SDG015 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
NC22SDG015 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1900   -7.8 %DIF 
NC22SDG015 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG015 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG015 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.2 %DIF 
NC22SDG015 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   -2.3 %DIF 
NC22SDG015 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2100   2.6 %DIF 
NC22SDG015 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG015 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
NC22SDG015 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1900   -7.4 %DIF 
NC22SDG015 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1700   -15 %DIF 
NC22SDG015 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG015 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1900   -5 %DIF 
NC22SDG015 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1800   -13 %DIF 
NC22SDG015 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG016 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2000   -6.5 %DIF 
NC22SDG016 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2300   7.5 %DIF 
NC22SDG016 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2200   6.9 %DIF 
NC22SDG016 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG016 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.6 %DIF 
NC22SDG016 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2100   2.2 %DIF 
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NC22SDG016 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG016 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1900   -8.1 %DIF 
NC22SDG016 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2100   1.6 %DIF 
NC22SDG016 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1900   -7.4 %DIF 
NC22SDG016 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG016 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG016 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   0.14 %DIF 
NC22SDG016 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1900   -8.2 %DIF 
NC22SDG016 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   -3.3 %DIF 
NC22SDG016 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG016 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 2000   -1.7 %DIF 
NC22SDG016 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG016 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG016 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2000   -3.1 %DIF 
NC22SDG016 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG016 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1800   -13 %DIF 
NC22SDG016 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
NC22SDG016 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 2000   -2.9 %DIF 
NC22SDG016 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1800   -11 %DIF 
NC22SDG016 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1800   -12 %DIF 
NC22SDG016 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.9 %DIF 
NC22SDG016 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG016 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG016 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG016 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG016 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1800   -12 %DIF 
NC22SDG016 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 2000   -2.2 %DIF 
NC22SDG016 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
NC22SDG016 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1900   -7.8 %DIF 
NC22SDG016 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG016 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG016 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.2 %DIF 
NC22SDG016 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2100   2.6 %DIF 
NC22SDG016 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG016 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
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NC22SDG016 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1900   -7.4 %DIF 
NC22SDG016 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1700   -15 %DIF 
NC22SDG016 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1900   -5 %DIF 
NC22SDG016 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1800   -13 %DIF 
NC22SDG016 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG017 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2000   -6.5 %DIF 
NC22SDG017 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   -1.9 %DIF 
NC22SDG017 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   2 %DIF 
NC22SDG017 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2200   6.9 %DIF 
NC22SDG017 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG017 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.6 %DIF 
NC22SDG017 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG017 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1900   -8.1 %DIF 
NC22SDG017 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.2 %DIF 
NC22SDG017 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1900   -7.4 %DIF 
NC22SDG017 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG017 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1900   -8.2 %DIF 
NC22SDG017 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG017 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG017 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG017 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1900   -7.9 %DIF 
NC22SDG017 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2000   -3.1 %DIF 
NC22SDG017 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG017 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1800   -13 %DIF 
NC22SDG017 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.5 %DIF 
NC22SDG017 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
NC22SDG017 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -7.7 %DIF 
NC22SDG017 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1800   -11 %DIF 
NC22SDG017 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1800   -12 %DIF 
NC22SDG017 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG017 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG017 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG017 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG017 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1800   -12 %DIF 
NC22SDG017 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
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NC22SDG017 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 2000   -2.9 %DIF 
NC22SDG017 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG017 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG017 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.2 %DIF 
NC22SDG017 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   -2.3 %DIF 
NC22SDG017 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG017 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
NC22SDG017 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1700   -15 %DIF 
NC22SDG017 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG017 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1800   -13 %DIF 
NC22SDG017 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1900   -7.8 %DIF 
NC22SDG018 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   -1.9 %DIF 
NC22SDG018 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2200   2.8 %DIF 
NC22SDG018 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   2 %DIF 
NC22SDG018 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2200   6.9 %DIF 
NC22SDG018 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG018 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.6 %DIF 
NC22SDG018 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2100   2.2 %DIF 
NC22SDG018 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG018 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.2 %DIF 
NC22SDG018 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2100   1.6 %DIF 
NC22SDG018 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1900   -7.4 %DIF 
NC22SDG018 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG018 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG018 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2100   0.14 %DIF 
NC22SDG018 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1900   -8.2 %DIF 
NC22SDG018 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   -3.3 %DIF 
NC22SDG018 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG018 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG018 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG018 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1900   -7.9 %DIF 
NC22SDG018 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG018 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1800   -13 %DIF 
NC22SDG018 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.5 %DIF 
NC22SDG018 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
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NC22SDG018 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -7.7 %DIF 
NC22SDG018 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1800   -11 %DIF 
NC22SDG018 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1800   -12 %DIF 
NC22SDG018 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 2000   -2 %DIF 
NC22SDG018 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG018 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG018 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG018 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG018 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -17 %DIF 
NC22SDG018 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1800   -12 %DIF 
NC22SDG018 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
NC22SDG018 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 2000   -2.9 %DIF 
NC22SDG018 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG018 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG018 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2000   -2.3 %DIF 
NC22SDG018 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG018 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
NC22SDG018 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG018 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1900   -7.8 %DIF 
NC22SDG018 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG019 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2000   -6.5 %DIF 
NC22SDG019 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 1900   -7.7 %DIF 
NC22SDG019 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2000   -2.8 %DIF 
NC22SDG019 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG019 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 1900   -7.5 %DIF 
NC22SDG019 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.6 %DIF 
NC22SDG019 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG019 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1900   -8.1 %DIF 
NC22SDG019 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.2 %DIF 
NC22SDG019 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1900   -7.4 %DIF 
NC22SDG019 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG019 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG019 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1800   -13 %DIF 
NC22SDG019 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1900   -8.2 %DIF 
NC22SDG019 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
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NC22SDG019 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1900   -7 %DIF 
NC22SDG019 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG019 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
NC22SDG019 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1900   -7.9 %DIF 
NC22SDG019 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG019 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1800   -13 %DIF 
NC22SDG019 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.5 %DIF 
NC22SDG019 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -7.7 %DIF 
NC22SDG019 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1700   -16 %DIF 
NC22SDG019 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1800   -11 %DIF 
NC22SDG019 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1700   -17 %DIF 
NC22SDG019 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1800   -12 %DIF 
NC22SDG019 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG019 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG019 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG019 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG019 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -17 %DIF 
NC22SDG019 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1800   -12 %DIF 
NC22SDG019 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1700   -17 %DIF 
NC22SDG019 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1900   -7.8 %DIF 
NC22SDG019 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG019 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG019 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.2 %DIF 
NC22SDG019 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG019 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1700   -17 %DIF 
NC22SDG019 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
NC22SDG019 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG019 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1900   -5 %DIF 
NC22SDG019 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG020 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2000   -6.5 %DIF 
NC22SDG020 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2000   -2.8 %DIF 
NC22SDG020 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG020 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 1900   -7.5 %DIF 
NC22SDG020 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG020 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1800   -13 %DIF 
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NC22SDG020 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.2 %DIF 
NC22SDG020 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1800   -12 %DIF 
NC22SDG020 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG020 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG020 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1800   -13 %DIF 
NC22SDG020 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1900   -8.2 %DIF 
NC22SDG020 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1800   -12 %DIF 
NC22SDG020 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG020 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1800   -12 %DIF 
NC22SDG020 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1900   -7 %DIF 
NC22SDG020 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG020 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
NC22SDG020 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1900   -7.9 %DIF 
NC22SDG020 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG020 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1700   -18 %DIF 
NC22SDG020 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1900   -8.5 %DIF 
NC22SDG020 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
NC22SDG020 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -7.7 %DIF 
NC22SDG020 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1700   -16 %DIF 
NC22SDG020 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1800   -11 %DIF 
NC22SDG020 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1700   -17 %DIF 
NC22SDG020 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1800   -12 %DIF 
NC22SDG020 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG020 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG020 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG020 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG020 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -17 %DIF 
NC22SDG020 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1800   -12 %DIF 
NC22SDG020 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1900   -7.8 %DIF 
NC22SDG020 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 2000   -2.9 %DIF 
NC22SDG020 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG020 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG020 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1800   -12 %DIF 
NC22SDG020 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.2 %DIF 
NC22SDG020 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
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NC22SDG020 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1700   -17 %DIF 
NC22SDG020 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1800   -12 %DIF 
NC22SDG020 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1600   -20 %DIF 
NC22SDG020 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1900   -5 %DIF 
NC22SDG020 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1800   -13 %DIF 
NC22SDG020 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG021 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2000   -6.5 %DIF 
NC22SDG021 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   -1.9 %DIF 
NC22SDG021 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 1900   -7.7 %DIF 
NC22SDG021 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   2 %DIF 
NC22SDG021 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG021 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 1900   -7.5 %DIF 
NC22SDG021 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.6 %DIF 
NC22SDG021 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG021 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1900   -8.1 %DIF 
NC22SDG021 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.2 %DIF 
NC22SDG021 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1800   -12 %DIF 
NC22SDG021 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1900   -7.4 %DIF 
NC22SDG021 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1900   -9.4 %DIF 
NC22SDG021 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG021 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1700   -18 %DIF 
NC22SDG021 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1700   -16 %DIF 
NC22SDG021 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG021 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1800   -12 %DIF 
NC22SDG021 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG021 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1700   -18 %DIF 
NC22SDG021 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG021 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1700   -18 %DIF 
NC22SDG021 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1700   -17 %DIF 
NC22SDG021 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
NC22SDG021 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1600   -21 %DIF 
NC22SDG021 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1700   -16 %DIF 
NC22SDG021 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1700   -17 %DIF 
NC22SDG021 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG021 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
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NC22SDG021 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG021 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG021 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1600   -22 %DIF 
NC22SDG021 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -17 %DIF 
NC22SDG021 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1700   -17 %DIF 
NC22SDG021 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG021 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG021 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1800   -12 %DIF 
NC22SDG021 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG021 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1700   -17 %DIF 
NC22SDG021 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1600   -20 %DIF 
NC22SDG021 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1700   -15 %DIF 
NC22SDG021 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1700   -18 %DIF 
NC22SDG021 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1800   -13 %DIF 
NC22SDG022 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2000   -6.5 %DIF 
NC22SDG022 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   -1.9 %DIF 
NC22SDG022 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 1900   -7.7 %DIF 
NC22SDG022 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2000   -2.8 %DIF 
NC22SDG022 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG022 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 1900   -7.5 %DIF 
NC22SDG022 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.6 %DIF 
NC22SDG022 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG022 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1800   -13 %DIF 
NC22SDG022 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1900   -8.1 %DIF 
NC22SDG022 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1800   -12 %DIF 
NC22SDG022 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1900   -9.4 %DIF 
NC22SDG022 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG022 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1700   -18 %DIF 
NC22SDG022 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1800   -13 %DIF 
NC22SDG022 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1700   -16 %DIF 
NC22SDG022 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1800   -12 %DIF 
NC22SDG022 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1800   -12 %DIF 
NC22SDG022 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG022 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1700   -18 %DIF 
NC22SDG022 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
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NC22SDG022 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG022 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1700   -18 %DIF 
NC22SDG022 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1700   -17 %DIF 
NC22SDG022 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
NC22SDG022 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1700   -16 %DIF 
NC22SDG022 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1700   -17 %DIF 
NC22SDG022 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG022 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG022 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG022 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG022 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1600   -22 %DIF 
NC22SDG022 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -17 %DIF 
NC22SDG022 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1700   -17 %DIF 
NC22SDG022 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 2000   -2.9 %DIF 
NC22SDG022 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG022 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG022 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1800   -12 %DIF 
NC22SDG022 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG022 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1700   -17 %DIF 
NC22SDG022 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1600   -20 %DIF 
NC22SDG022 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1700   -15 %DIF 
NC22SDG022 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1800   -13 %DIF 
NC22SDG023 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2100   -1.9 %DIF 
NC22SDG023 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   2 %DIF 
NC22SDG023 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG023 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.6 %DIF 
NC22SDG023 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG023 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.2 %DIF 
NC22SDG023 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1900   -7.4 %DIF 
NC22SDG023 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG023 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1700   -18 %DIF 
NC22SDG023 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG023 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1800   -12 %DIF 
NC22SDG023 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG023 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1700   -18 %DIF 
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NC22SDG023 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG023 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1700   -18 %DIF 
NC22SDG023 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
NC22SDG023 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1600   -21 %DIF 
NC22SDG023 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1700   -17 %DIF 
NC22SDG023 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG023 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG023 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG023 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG023 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -17 %DIF 
NC22SDG023 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1700   -17 %DIF 
NC22SDG023 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG023 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG023 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1800   -12 %DIF 
NC22SDG023 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG023 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1700   -17 %DIF 
NC22SDG023 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1700   -15 %DIF 
NC22SDG023 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1700   -18 %DIF 
NC22SDG024 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2070   -3.27 %DIF 
NC22SDG024 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2110   -1.4 %DIF 
NC22SDG024 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2060   0.0972 %DIF 
NC22SDG024 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   2.04 %DIF 
NC22SDG024 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG024 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 1980   -3.6 %DIF 
NC22SDG024 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2040   -0.682 %DIF 
NC22SDG024 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG024 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1860   -10 %DIF 
NC22SDG024 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1960   -5.18 %DIF 
NC22SDG024 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1790   -12.7 %DIF 
NC22SDG024 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1880   -8.34 %DIF 
NC22SDG024 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1980   -5.58 %DIF 
NC22SDG024 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2050   -2.24 %DIF 
NC22SDG024 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1710   -17.4 %DIF 
NC22SDG024 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1760   -14.9 %DIF 
NC22SDG024 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1810   -11 %DIF 
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NC22SDG024 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1880   -7.62 %DIF 
NC22SDG024 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1810   -11.4 %DIF 
NC22SDG024 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG024 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1720   -16.7 %DIF 
NC22SDG024 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1730   -16.2 %DIF 
NC22SDG024 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG024 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1720   -17.1 %DIF 
NC22SDG024 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1740   -16.2 %DIF 
NC22SDG024 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1740   -15.5 %DIF 
NC22SDG024 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1790   -13.1 %DIF 
NC22SDG024 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1650   -18.6 %DIF 
NC22SDG024 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1710   -15.6 %DIF 
NC22SDG024 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1660   -18.6 %DIF 
NC22SDG024 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1710   -16.2 %DIF 
NC22SDG024 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG024 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG024 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG024 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG024 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1660   -18.8 %DIF 
NC22SDG024 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1670   -18.3 %DIF 
NC22SDG024 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1670   -18.9 %DIF 
NC22SDG024 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1710   -17 %DIF 
NC22SDG024 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG024 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG024 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1770   -13.5 %DIF 
NC22SDG024 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1840   -10.1 %DIF 
NC22SDG024 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG024 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1660   -19.1 %DIF 
NC22SDG024 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1680   -18.1 %DIF 
NC22SDG024 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1680   -16 %DIF 
NC22SDG024 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1740   -13 %DIF 
NC22SDG024 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1730   -16.1 %DIF 
NC22SDG024 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1830   -11.2 %DIF 
NC22SDG025 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 1980   -7.48 %DIF 
NC22SDG025 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2110   -1.4 %DIF 
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NC22SDG025 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 1970   -4.28 %DIF 
NC22SDG025 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2100   2.04 %DIF 
NC22SDG025 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG025 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 1940   -5.55 %DIF 
NC22SDG025 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2040   -0.682 %DIF 
NC22SDG025 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG025 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1880   -9.05 %DIF 
NC22SDG025 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1960   -5.18 %DIF 
NC22SDG025 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1790   -12.7 %DIF 
NC22SDG025 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1880   -8.34 %DIF 
NC22SDG025 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1980   -5.58 %DIF 
NC22SDG025 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2030   -3.2 %DIF 
NC22SDG025 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1710   -17.4 %DIF 
NC22SDG025 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1770   -14.4 %DIF 
NC22SDG025 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1780   -12.5 %DIF 
NC22SDG025 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1880   -7.62 %DIF 
NC22SDG025 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1810   -11.4 %DIF 
NC22SDG025 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1880   -7.93 %DIF 
NC22SDG025 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG025 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1730   -16.2 %DIF 
NC22SDG025 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1760   -14.7 %DIF 
NC22SDG025 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG025 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1700   -18.1 %DIF 
NC22SDG025 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1740   -16.2 %DIF 
NC22SDG025 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1710   -16.9 %DIF 
NC22SDG025 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1790   -13.1 %DIF 
NC22SDG025 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1650   -18.6 %DIF 
NC22SDG025 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1680   -17.1 %DIF 
NC22SDG025 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1710   -16.2 %DIF 
NC22SDG025 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1720   -15.7 %DIF 
NC22SDG025 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG025 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG025 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG025 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG025 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1670   -18.3 %DIF 
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NC22SDG025 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1700   -17.5 %DIF 
NC22SDG025 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1710   -17 %DIF 
NC22SDG025 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG025 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG025 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1820   -11.1 %DIF 
NC22SDG025 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1840   -10.1 %DIF 
NC22SDG025 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG025 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1670   -18.6 %DIF 
NC22SDG025 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1680   -18.1 %DIF 
NC22SDG025 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1650   -17.5 %DIF 
NC22SDG025 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1740   -13 %DIF 
NC22SDG025 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1730   -16.1 %DIF 
NC22SDG025 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1830   -11.2 %DIF 
NC22SDG026 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2040   -4.67 %DIF 
NC22SDG026 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2140   0 %DIF 
NC22SDG026 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 1980   -3.79 %DIF 
NC22SDG026 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2080   1.07 %DIF 
NC22SDG026 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG026 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 1890   -7.98 %DIF 
NC22SDG026 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2060   0.292 %DIF 
NC22SDG026 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG026 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1920   -7.11 %DIF 
NC22SDG026 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2000   -3.24 %DIF 
NC22SDG026 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1870   -8.82 %DIF 
NC22SDG026 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1980   -3.46 %DIF 
NC22SDG026 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1920   -8.44 %DIF 
NC22SDG026 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1990   -5.1 %DIF 
NC22SDG026 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1800   -13 %DIF 
NC22SDG026 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1870   -9.62 %DIF 
NC22SDG026 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1850   -9.09 %DIF 
NC22SDG026 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1880   -7.62 %DIF 
NC22SDG026 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1890   -7.44 %DIF 
NC22SDG026 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1910   -6.46 %DIF 
NC22SDG026 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG026 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1840   -10.8 %DIF 
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NC22SDG026 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG026 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1860   -10.4 %DIF 
NC22SDG026 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1940   -6.55 %DIF 
NC22SDG026 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1790   -13.1 %DIF 
NC22SDG026 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1830   -11.1 %DIF 
NC22SDG026 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1780   -12.2 %DIF 
NC22SDG026 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1870   -7.74 %DIF 
NC22SDG026 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1770   -13.2 %DIF 
NC22SDG026 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1850   -9.31 %DIF 
NC22SDG026 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG026 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG026 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG026 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG026 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1820   -11 %DIF 
NC22SDG026 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1830   -10.5 %DIF 
NC22SDG026 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1850   -10.2 %DIF 
NC22SDG026 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1930   -6.31 %DIF 
NC22SDG026 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG026 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG026 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1840   -10.1 %DIF 
NC22SDG026 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 2050   0.146 %DIF 
NC22SDG026 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG026 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1760   -14.2 %DIF 
NC22SDG026 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1790   -12.8 %DIF 
NC22SDG026 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1740   -13 %DIF 
NC22SDG026 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG026 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1770   -14.2 %DIF 
NC22SDG026 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1910   -7.37 %DIF 
NC22SDG050 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ng/L 2000   -6.5 %DIF 
NC22SDG050 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2000   -6.5 %DIF 
NC22SDG050 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ng/L 2000   -2.8 %DIF 
NC22SDG050 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 1900   -7.7 %DIF 
NC22SDG050 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ng/L 0 ND  0  
NC22SDG050 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG050 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ng/L 1900   -7.5 %DIF 











 



 
 



C-328



Sample Delivery 
Group 



Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier Result 
Comment



QC Result QC Units 



NC22SDG050 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.6 %DIF 
NC22SDG050 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ng/L 0 ND  0  
NC22SDG050 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG050 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ng/L 2000   -3.2 %DIF 
NC22SDG050 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1900   -8.1 %DIF 
NC22SDG050 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ng/L 2000   -2.5 %DIF 
NC22SDG050 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1900   -7.4 %DIF 
NC22SDG050 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ng/L 2000   -4.6 %DIF 
NC22SDG050 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG050 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ng/L 1900   -8.2 %DIF 
NC22SDG050 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1800   -13 %DIF 
NC22SDG050 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ng/L 1900   -6.6 %DIF 
NC22SDG050 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG050 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ng/L 1900   -7 %DIF 
NC22SDG050 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1900   -7 %DIF 
NC22SDG050 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ng/L 0 ND  0  
NC22SDG050 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG050 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ng/L 1900   -7.9 %DIF 
NC22SDG050 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1800   -13 %DIF 
NC22SDG050 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ng/L 0 ND  0  
NC22SDG050 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG050 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ng/L 1900   -8.5 %DIF 
NC22SDG050 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1800   -13 %DIF 
NC22SDG050 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ng/L 1900   -7.7 %DIF 
NC22SDG050 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1900   -7.7 %DIF 
NC22SDG050 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ng/L 1800   -11 %DIF 
NC22SDG050 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1700   -16 %DIF 
NC22SDG050 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ng/L 1800   -12 %DIF 
NC22SDG050 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1700   -17 %DIF 
NC22SDG050 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ng/L 0 ND  0  
NC22SDG050 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG050 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ng/L 0 ND  0  
NC22SDG050 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG050 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ng/L 0 ND  0  
NC22SDG050 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
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NC22SDG050 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ng/L 0 ND  0  
NC22SDG050 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG050 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ng/L 1800   -12 %DIF 
NC22SDG050 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -17 %DIF 
NC22SDG050 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ng/L 1900   -7.8 %DIF 
NC22SDG050 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1700   -17 %DIF 
NC22SDG050 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ng/L 0 ND  0  
NC22SDG050 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG050 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ng/L 0 ND  0  
NC22SDG050 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG050 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ng/L 1900   -7.2 %DIF 
NC22SDG050 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.2 %DIF 
NC22SDG050 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ng/L 0 ND  0  
NC22SDG050 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG050 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ng/L 1800   -12 %DIF 
NC22SDG050 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1700   -17 %DIF 
NC22SDG050 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ng/L 1900   -5 %DIF 
NC22SDG050 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1800   -10 %DIF 
NC22SDG050 0.05 mL 209 - Decachlorobiphenyl 100 23 ng/L 2000   -3 %DIF 
NC22SDG050 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG052 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2200   2.8 %DIF 
NC22SDG052 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2400   17 %DIF 
NC22SDG052 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG052 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2000   -2.6 %DIF 
NC22SDG052 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG052 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 2100   1.6 %DIF 
NC22SDG052 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 2000   -2.5 %DIF 
NC22SDG052 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 2000   -4.6 %DIF 
NC22SDG052 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 2000   -3.3 %DIF 
NC22SDG052 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1900   -6.6 %DIF 
NC22SDG052 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 2000   -2 %DIF 
NC22SDG052 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC22SDG052 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 2000   -3.1 %DIF 
NC22SDG052 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG052 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1800   -13 %DIF 
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NC22SDG052 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1800   -12 %DIF 
NC22SDG052 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1800   -11 %DIF 
NC22SDG052 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1800   -12 %DIF 
NC22SDG052 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG052 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG052 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG052 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG052 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1800   -12 %DIF 
NC22SDG052 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1700   -17 %DIF 
NC22SDG052 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG052 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG052 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.2 %DIF 
NC22SDG052 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG052 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1700   -17 %DIF 
NC22SDG052 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1900   -5 %DIF 
NC22SDG052 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 2000   -3 %DIF 
NC22SDG053 1 mL 8 - 2,4'-Dichlorobiphenyl 1 0.88 ug/L 21   5 %DIF 
NC22SDG053 1 mL 18 - 2,2',5-Trichlorobiphenyl 1 1.2 ug/L 20   0 %DIF 
NC22SDG053 1 mL 28 - 2,4,4'-Trichlorobiphenyl 1 2.4 ug/L 21   5 %DIF 
NC22SDG053 1 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 1 0.78 ug/L 22   10 %DIF 
NC22SDG053 1 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 1 1 ug/L 0 ND  0  
NC22SDG053 1 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 1 0.9 ug/L 22   10 %DIF 
NC22SDG053 1 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 1 0.74 ug/L 19   -5 %DIF 
NC22SDG053 1 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 1 1.3 ug/L 22   10 %DIF 
NC22SDG053 1 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 1 1 ug/L 0 ND  0  
NC22SDG053 1 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 1 0.92 ug/L 22   10 %DIF 
NC22SDG053 1 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 1 1.4 ug/L 21   5 %DIF 
NC22SDG053 1 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 1 0.88 ug/L 23   15 %DIF 
NC22SDG053 1 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 1 1.1 ug/L 22   10 %DIF 
NC22SDG053 1 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 1 0.76 ug/L 22   10 %DIF 
NC22SDG053 1 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 1 1.2 ug/L 22   10 %DIF 
NC22SDG053 1 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 1 0.6 ug/L 23   15 %DIF 
NC22SDG053 1 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 1 1 ug/L 0 ND  0  
NC22SDG053 1 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 1 1 ug/L 0 ND  0  
NC22SDG053 1 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 1 0.066 ug/L 21   5 %DIF 
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NC22SDG053 1 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 1 1.8 ug/L 23   15 %DIF 
NC22SDG053 1 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 1 1 ug/L 0 ND  0  
NC22SDG053 1 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 1 1 ug/L 0 ND  0  
NC22SDG053 1 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 1 1.4 ug/L 22   10 %DIF 
NC22SDG053 1 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 1 1.4 ug/L 22   10 %DIF 
NC22SDG053 1 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 1 1.1 ug/L 21   17 %DIF 
NC22SDG053 1 mL 209 - Decachlorobiphenyl 1 1.3 ug/L 23   15 %DIF 
NC22SDG054 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 1960   -8.41 %DIF 
NC22SDG054 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2080   -2.8 %DIF 
NC22SDG054 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2090   -2.34 %DIF 
NC22SDG054 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 1920   -6.7 %DIF 
NC22SDG054 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 1970   -4.28 %DIF 
NC22SDG054 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2040   -0.875 %DIF 
NC22SDG054 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC22SDG054 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 1920   -6.52 %DIF 
NC22SDG054 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2010   -2.14 %DIF 
NC22SDG054 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC22SDG054 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1890   -8.56 %DIF 
NC22SDG054 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1940   -6.14 %DIF 
NC22SDG054 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1980   -4.21 %DIF 
NC22SDG054 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1850   -9.8 %DIF 
NC22SDG054 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1880   -8.34 %DIF 
NC22SDG054 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1930   -5.9 %DIF 
NC22SDG054 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1870   -10.8 %DIF 
NC22SDG054 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1940   -7.49 %DIF 
NC22SDG054 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1960   -6.53 %DIF 
NC22SDG054 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1770   -14.4 %DIF 
NC22SDG054 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1820   -12 %DIF 
NC22SDG054 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1850   -10.6 %DIF 
NC22SDG054 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1860   -8.6 %DIF 
NC22SDG054 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1870   -8.11 %DIF 
NC22SDG054 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1800   -11.8 %DIF 
NC22SDG054 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1860   -8.91 %DIF 
NC22SDG054 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1960   -4.01 %DIF 
NC22SDG054 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
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NC22SDG054 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1760   -14.7 %DIF 
NC22SDG054 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1790   -13.3 %DIF 
NC22SDG054 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1890   -8.43 %DIF 
NC22SDG054 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC22SDG054 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1700   -18.1 %DIF 
NC22SDG054 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1710   -17.6 %DIF 
NC22SDG054 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1850   -10.9 %DIF 
NC22SDG054 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1680   -18.4 %DIF 
NC22SDG054 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1760   -14.5 %DIF 
NC22SDG054 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1790   -13.1 %DIF 
NC22SDG054 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1820   -10.2 %DIF 
NC22SDG054 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1890   -6.76 %DIF 
NC22SDG054 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1940   -4.29 %DIF 
NC22SDG054 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1640   -19.6 %DIF 
NC22SDG054 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1700   -16.7 %DIF 
NC22SDG054 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1760   -13.7 %DIF 
NC22SDG054 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG054 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG054 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC22SDG054 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC22SDG054 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1640   -19.8 %DIF 
NC22SDG054 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -16.9 %DIF 
NC22SDG054 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1860   -9.05 %DIF 
NC22SDG054 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1770   -14.1 %DIF 
NC22SDG054 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1780   -13.6 %DIF 
NC22SDG054 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1790   -13.1 %DIF 
NC22SDG054 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC22SDG054 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC22SDG054 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1770   -13.5 %DIF 
NC22SDG054 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.18 %DIF 
NC22SDG054 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1950   -4.74 %DIF 
NC22SDG054 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC22SDG054 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1650   -19.6 %DIF 
NC22SDG054 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1750   -14.7 %DIF 
NC22SDG054 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1920   -6.43 %DIF 
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NC22SDG054 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1660   -17 %DIF 
NC22SDG054 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1720   -14 %DIF 
NC22SDG054 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1860   -7.05 %DIF 
NC22SDG054 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1650   -20 %DIF 
NC22SDG054 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1880   -8.83 %DIF 
NC22SDG054 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1930   -6.4 %DIF 
NC28SDG001 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2060   -3.74 %DIF 
NC28SDG001 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 17 ug/L 2090   -2.34 %DIF 
NC28SDG001 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2020   -1.85 %DIF 
NC28SDG001 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 26 ug/L 2040   -0.875 %DIF 
NC28SDG001 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 21 ug/L 0 ND  0  
NC28SDG001 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2010   -2.14 %DIF 
NC28SDG001 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 27 ug/L 2020   -1.66 %DIF 
NC28SDG001 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 30 ug/L 0 ND  0  
NC28SDG001 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1980   -4.21 %DIF 
NC28SDG001 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 12 ug/L 1990   -3.72 %DIF 
NC28SDG001 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1880   -8.34 %DIF 
NC28SDG001 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 26 ug/L 1910   -6.87 %DIF 
NC28SDG001 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1920   -8.44 %DIF 
NC28SDG001 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 22 ug/L 1960   -6.53 %DIF 
NC28SDG001 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1770   -14.4 %DIF 
NC28SDG001 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 31 ug/L 1920   -7.2 %DIF 
NC28SDG001 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1860   -8.6 %DIF 
NC28SDG001 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 14 ug/L 1940   -4.67 %DIF 
NC28SDG001 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1860   -8.91 %DIF 
NC28SDG001 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 16 ug/L 1920   -5.97 %DIF 
NC28SDG001 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 27 ug/L 0 ND  0  
NC28SDG001 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1790   -13.3 %DIF 
NC28SDG001 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 26 ug/L 1870   -9.4 %DIF 
NC28SDG001 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 31 ug/L 0 ND  0  
NC28SDG001 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1710   -17.6 %DIF 
NC28SDG001 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 27 ug/L 1820   -12.3 %DIF 
NC28SDG001 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1760   -14.5 %DIF 
NC28SDG001 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 10 ug/L 1810   -12.1 %DIF 
NC28SDG001 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1820   -10.2 %DIF 
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NC28SDG001 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 22 ug/L 1860   -8.24 %DIF 
NC28SDG001 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1700   -16.7 %DIF 
NC28SDG001 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 11 ug/L 1750   -14.2 %DIF 
NC28SDG001 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC28SDG001 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC28SDG001 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 25 ug/L 0 ND  0  
NC28SDG001 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 24 ug/L 0 ND  0  
NC28SDG001 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1700   -16.9 %DIF 
NC28SDG001 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 25 ug/L 1790   -12.5 %DIF 
NC28SDG001 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1740   -15.5 %DIF 
NC28SDG001 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 26 ug/L 1770   -14.1 %DIF 
NC28SDG001 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG001 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ug/L 0 ND  0  
NC28SDG001 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1900   -7.18 %DIF 
NC28SDG001 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 26 ug/L 1990   -2.78 %DIF 
NC28SDG001 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 28 ug/L 0 ND  0  
NC28SDG001 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1700   -17.2 %DIF 
NC28SDG001 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 23 ug/L 1750   -14.7 %DIF 
NC28SDG001 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1640   -18 %DIF 
NC28SDG001 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 9 ug/L 1720   -14 %DIF 
NC28SDG001 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1760   -14.6 %DIF 
NC28SDG001 0.05 mL 209 - Decachlorobiphenyl 100 23 ug/L 1930   -6.4 %DIF 
NC28SDG002 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1980   -7.48 %DIF 
NC28SDG002 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2010   -6.07 %DIF 
NC28SDG002 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1970   -4.28 %DIF 
NC28SDG002 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1990   -3.3 %DIF 
NC28SDG002 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG002 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1880   -8.47 %DIF 
NC28SDG002 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1960   -4.58 %DIF 
NC28SDG002 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG002 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1890   -8.56 %DIF 
NC28SDG002 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1910   -7.6 %DIF 
NC28SDG002 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1830   -10.8 %DIF 
NC28SDG002 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1900   -7.36 %DIF 
NC28SDG002 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1990   -5.1 %DIF 
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NC28SDG002 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2060   -1.76 %DIF 
NC28SDG002 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1780   -14 %DIF 
NC28SDG002 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1860   -8.6 %DIF 
NC28SDG002 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1930   -5.16 %DIF 
NC28SDG002 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1870   -8.42 %DIF 
NC28SDG002 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1930   -5.48 %DIF 
NC28SDG002 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG002 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1780   -13.8 %DIF 
NC28SDG002 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1930   -6.49 %DIF 
NC28SDG002 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG002 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1730   -16.7 %DIF 
NC28SDG002 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1800   -13.3 %DIF 
NC28SDG002 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1780   -13.6 %DIF 
NC28SDG002 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1810   -12.1 %DIF 
NC28SDG002 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1830   -9.72 %DIF 
NC28SDG002 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1840   -9.22 %DIF 
NC28SDG002 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1700   -16.7 %DIF 
NC28SDG002 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1830   -10.3 %DIF 
NC28SDG002 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG002 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG002 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG002 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG002 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1720   -15.9 %DIF 
NC28SDG002 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1810   -11.5 %DIF 
NC28SDG002 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1730   -16 %DIF 
NC28SDG002 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1850   -10.2 %DIF 
NC28SDG002 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG002 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG002 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1900   -7.18 %DIF 
NC28SDG002 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1950   -4.74 %DIF 
NC28SDG002 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG002 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1830   -10.8 %DIF 
NC28SDG002 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1880   -8.38 %DIF 
NC28SDG002 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1720   -14 %DIF 
NC28SDG002 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1880   -6.05 %DIF 
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NC28SDG002 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1840   -10.8 %DIF 
NC28SDG002 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 2060   -0.097 %DIF 
NC28SDG003 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2010   -6.07 %DIF 
NC28SDG003 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2060   -3.74 %DIF 
NC28SDG003 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1990   -3.3 %DIF 
NC28SDG003 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2000   -2.82 %DIF 
NC28SDG003 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG003 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1960   -4.58 %DIF 
NC28SDG003 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2050   -0.195 %DIF 
NC28SDG003 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG003 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1890   -8.56 %DIF 
NC28SDG003 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1990   -3.72 %DIF 
NC28SDG003 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1830   -10.8 %DIF 
NC28SDG003 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1990   -2.97 %DIF 
NC28SDG003 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2060   -1.76 %DIF 
NC28SDG003 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2190   4.43 %DIF 
NC28SDG003 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1780   -14 %DIF 
NC28SDG003 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1910   -7.68 %DIF 
NC28SDG003 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1860   -8.6 %DIF 
NC28SDG003 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1980   -2.7 %DIF 
NC28SDG003 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1930   -5.48 %DIF 
NC28SDG003 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 2000   -2.06 %DIF 
NC28SDG003 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG003 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1780   -13.8 %DIF 
NC28SDG003 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1990   -3.58 %DIF 
NC28SDG003 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG003 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1730   -16.7 %DIF 
NC28SDG003 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1910   -8 %DIF 
NC28SDG003 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1810   -12.1 %DIF 
NC28SDG003 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1860   -9.66 %DIF 
NC28SDG003 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1830   -9.72 %DIF 
NC28SDG003 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1870   -7.74 %DIF 
NC28SDG003 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1700   -16.7 %DIF 
NC28SDG003 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1910   -6.37 %DIF 
NC28SDG003 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
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NC28SDG003 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG003 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG003 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG003 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1770   -13.4 %DIF 
NC28SDG003 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1810   -11.5 %DIF 
NC28SDG003 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1730   -16 %DIF 
NC28SDG003 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1900   -7.77 %DIF 
NC28SDG003 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG003 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG003 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1950   -4.74 %DIF 
NC28SDG003 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 2040   -0.342 %DIF 
NC28SDG003 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG003 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1780   -13.2 %DIF 
NC28SDG003 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1880   -8.38 %DIF 
NC28SDG003 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1760   -12 %DIF 
NC28SDG003 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1880   -6.05 %DIF 
NC28SDG003 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1910   -7.37 %DIF 
NC28SDG003 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 2060   -0.097 %DIF 
NC28SDG004 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2010   -6.07 %DIF 
NC28SDG004 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1990   -3.3 %DIF 
NC28SDG004 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG004 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1960   -4.58 %DIF 
NC28SDG004 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG004 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1890   -8.56 %DIF 
NC28SDG004 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1830   -10.8 %DIF 
NC28SDG004 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2060   -1.76 %DIF 
NC28SDG004 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1780   -14 %DIF 
NC28SDG004 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1860   -8.6 %DIF 
NC28SDG004 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1930   -5.48 %DIF 
NC28SDG004 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG004 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1780   -13.8 %DIF 
NC28SDG004 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG004 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1730   -16.7 %DIF 
NC28SDG004 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1810   -12.1 %DIF 
NC28SDG004 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1830   -9.72 %DIF 
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NC28SDG004 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1700   -16.7 %DIF 
NC28SDG004 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG004 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG004 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG004 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG004 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1810   -11.5 %DIF 
NC28SDG004 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1730   -16 %DIF 
NC28SDG004 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG004 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG004 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1950   -4.74 %DIF 
NC28SDG004 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG004 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1880   -8.38 %DIF 
NC28SDG004 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1880   -6.05 %DIF 
NC28SDG004 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 2060   -0.097 %DIF 
NC28SDG005 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2060   -3.74 %DIF 
NC28SDG005 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1950   -5.25 %DIF 
NC28SDG005 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG005 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2000   -2.63 %DIF 
NC28SDG005 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG005 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1940   -6.14 %DIF 
NC28SDG005 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1810   -11.8 %DIF 
NC28SDG005 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2110   0.62 %DIF 
NC28SDG005 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1800   -13 %DIF 
NC28SDG005 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1840   -9.58 %DIF 
NC28SDG005 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1920   -5.97 %DIF 
NC28SDG005 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG005 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1720   -16.7 %DIF 
NC28SDG005 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG005 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1710   -17.6 %DIF 
NC28SDG005 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1680   -18.4 %DIF 
NC28SDG005 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1910   -5.77 %DIF 
NC28SDG005 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1690   -17.2 %DIF 
NC28SDG005 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG005 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG005 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
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NC28SDG005 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG005 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1910   -6.6 %DIF 
NC28SDG005 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1960   -4.85 %DIF 
NC28SDG005 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG005 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG005 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 2110   3.08 %DIF 
NC28SDG005 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG005 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1910   -6.92 %DIF 
NC28SDG005 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1840   -8.04 %DIF 
NC28SDG005 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1950   -5.43 %DIF 
NC28SDG006 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2010   -6.07 %DIF 
NC28SDG006 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2070   0.583 %DIF 
NC28SDG006 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG006 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2060   0.292 %DIF 
NC28SDG006 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG006 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1950   -5.66 %DIF 
NC28SDG006 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1940   -5.41 %DIF 
NC28SDG006 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2370   13 %DIF 
NC28SDG006 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1880   -9.13 %DIF 
NC28SDG006 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1850   -9.09 %DIF 
NC28SDG006 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1920   -5.97 %DIF 
NC28SDG006 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG006 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1870   -9.4 %DIF 
NC28SDG006 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG006 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1850   -10.9 %DIF 
NC28SDG006 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1880   -8.69 %DIF 
NC28SDG006 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1880   -7.25 %DIF 
NC28SDG006 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1790   -12.2 %DIF 
NC28SDG006 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG006 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG006 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG006 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG006 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 2040   -0.244 %DIF 
NC28SDG006 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1920   -6.8 %DIF 
NC28SDG006 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
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NC28SDG006 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG006 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 2000   -2.3 %DIF 
NC28SDG006 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG006 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1920   -6.43 %DIF 
NC28SDG006 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1870   -6.55 %DIF 
NC28SDG006 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1910   -7.37 %DIF 
NC28SDG007 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2010   -6.07 %DIF 
NC28SDG007 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2070   0.583 %DIF 
NC28SDG007 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG007 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2060   0.292 %DIF 
NC28SDG007 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG007 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1950   -5.66 %DIF 
NC28SDG007 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1940   -5.41 %DIF 
NC28SDG007 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2370   13 %DIF 
NC28SDG007 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1880   -9.13 %DIF 
NC28SDG007 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1850   -9.09 %DIF 
NC28SDG007 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1920   -5.97 %DIF 
NC28SDG007 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG007 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1870   -9.4 %DIF 
NC28SDG007 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG007 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1850   -10.9 %DIF 
NC28SDG007 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1880   -8.69 %DIF 
NC28SDG007 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1880   -7.25 %DIF 
NC28SDG007 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1790   -12.2 %DIF 
NC28SDG007 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG007 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG007 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG007 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG007 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 2040   -0.244 %DIF 
NC28SDG007 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1920   -6.8 %DIF 
NC28SDG007 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG007 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG007 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 2000   -2.3 %DIF 
NC28SDG007 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG007 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1920   -6.43 %DIF 
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NC28SDG007 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1870   -6.55 %DIF 
NC28SDG007 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1910   -7.37 %DIF 
NC28SDG008 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2080   -2.8 %DIF 
NC28SDG008 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1970   -4.28 %DIF 
NC28SDG008 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG008 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2070   0.779 %DIF 
NC28SDG008 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG008 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1970   -4.69 %DIF 
NC28SDG008 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1940   -5.41 %DIF 
NC28SDG008 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1970   -6.06 %DIF 
NC28SDG008 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1830   -11.6 %DIF 
NC28SDG008 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1850   -9.09 %DIF 
NC28SDG008 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1930   -5.48 %DIF 
NC28SDG008 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG008 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1940   -6.01 %DIF 
NC28SDG008 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG008 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1800   -13.3 %DIF 
NC28SDG008 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1940   -5.78 %DIF 
NC28SDG008 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1880   -7.25 %DIF 
NC28SDG008 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1820   -10.8 %DIF 
NC28SDG008 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG008 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG008 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG008 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG008 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1840   -10 %DIF 
NC28SDG008 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1820   -11.6 %DIF 
NC28SDG008 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG008 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG008 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1820   -11.1 %DIF 
NC28SDG008 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG008 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1910   -6.92 %DIF 
NC28SDG008 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1750   -12.5 %DIF 
NC28SDG008 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1830   -11.2 %DIF 
NC28SDG009 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2080   -2.8 %DIF 
NC28SDG009 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1970   -4.28 %DIF 
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NC28SDG009 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG009 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2070   0.779 %DIF 
NC28SDG009 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG009 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1970   -4.69 %DIF 
NC28SDG009 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1940   -5.41 %DIF 
NC28SDG009 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1970   -6.06 %DIF 
NC28SDG009 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1830   -11.6 %DIF 
NC28SDG009 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1850   -9.09 %DIF 
NC28SDG009 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1930   -5.48 %DIF 
NC28SDG009 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG009 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1940   -6.01 %DIF 
NC28SDG009 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG009 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1800   -13.3 %DIF 
NC28SDG009 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1940   -5.78 %DIF 
NC28SDG009 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1880   -7.25 %DIF 
NC28SDG009 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1820   -10.8 %DIF 
NC28SDG009 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG009 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG009 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG009 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG009 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1840   -10 %DIF 
NC28SDG009 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1820   -11.6 %DIF 
NC28SDG009 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG009 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG009 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1820   -11.1 %DIF 
NC28SDG009 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG009 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1910   -6.92 %DIF 
NC28SDG009 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1750   -12.5 %DIF 
NC28SDG009 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1830   -11.2 %DIF 
NC28SDG010 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1990   -7.01 %DIF 
NC28SDG010 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1940   -5.73 %DIF 
NC28SDG010 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG010 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1910   -7.01 %DIF 
NC28SDG010 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG010 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1940   -6.14 %DIF 
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NC28SDG010 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1880   -8.34 %DIF 
NC28SDG010 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1870   -10.8 %DIF 
NC28SDG010 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1850   -10.6 %DIF 
NC28SDG010 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1860   -8.6 %DIF 
NC28SDG010 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1850   -9.4 %DIF 
NC28SDG010 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG010 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1900   -7.94 %DIF 
NC28SDG010 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG010 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1770   -14.7 %DIF 
NC28SDG010 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1790   -13.1 %DIF 
NC28SDG010 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1760   -13.2 %DIF 
NC28SDG010 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1880   -7.84 %DIF 
NC28SDG010 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG010 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG010 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG010 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG010 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1680   -17.8 %DIF 
NC28SDG010 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1780   -13.6 %DIF 
NC28SDG010 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG010 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG010 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1740   -15 %DIF 
NC28SDG010 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG010 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1710   -16.7 %DIF 
NC28SDG010 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1770   -11.5 %DIF 
NC28SDG010 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1760   -14.6 %DIF 
NC28SDG011 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2090   -2.34 %DIF 
NC28SDG011 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2020   -1.85 %DIF 
NC28SDG011 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG011 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2050   -0.195 %DIF 
NC28SDG011 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG011 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2000   -3.24 %DIF 
NC28SDG011 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1980   -3.46 %DIF 
NC28SDG011 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2050   -2.24 %DIF 
NC28SDG011 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1980   -4.3 %DIF 
NC28SDG011 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1900   -6.63 %DIF 
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NC28SDG011 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1960   -4.02 %DIF 
NC28SDG011 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG011 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1910   -7.46 %DIF 
NC28SDG011 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG011 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1690   -18.6 %DIF 
NC28SDG011 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1780   -13.6 %DIF 
NC28SDG011 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1850   -8.73 %DIF 
NC28SDG011 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1740   -14.7 %DIF 
NC28SDG011 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG011 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG011 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG011 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG011 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1810   -11.5 %DIF 
NC28SDG011 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1770   -14.1 %DIF 
NC28SDG011 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG011 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG011 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1900   -7.18 %DIF 
NC28SDG011 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG011 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1790   -12.8 %DIF 
NC28SDG011 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1750   -12.5 %DIF 
NC28SDG011 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1680   -18.5 %DIF 
NC28SDG012 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2020   -5.61 %DIF 
NC28SDG012 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2060   -3.74 %DIF 
NC28SDG012 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1990   -3.3 %DIF 
NC28SDG012 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2010   -2.33 %DIF 
NC28SDG012 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG012 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1990   -3.12 %DIF 
NC28SDG012 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2100   2.24 %DIF 
NC28SDG012 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG012 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1940   -6.14 %DIF 
NC28SDG012 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1950   -5.66 %DIF 
NC28SDG012 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1830   -10.8 %DIF 
NC28SDG012 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1870   -8.82 %DIF 
NC28SDG012 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2000   -4.62 %DIF 
NC28SDG012 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2100   0.143 %DIF 
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NC28SDG012 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1760   -14.9 %DIF 
NC28SDG012 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1870   -9.62 %DIF 
NC28SDG012 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1830   -10.1 %DIF 
NC28SDG012 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1910   -6.14 %DIF 
NC28SDG012 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1800   -11.8 %DIF 
NC28SDG012 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1900   -6.95 %DIF 
NC28SDG012 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG012 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1820   -11.8 %DIF 
NC28SDG012 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1860   -9.88 %DIF 
NC28SDG012 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG012 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1710   -17.6 %DIF 
NC28SDG012 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1730   -16.7 %DIF 
NC28SDG012 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1700   -17.4 %DIF 
NC28SDG012 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1750   -15 %DIF 
NC28SDG012 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1800   -11.2 %DIF 
NC28SDG012 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1890   -6.76 %DIF 
NC28SDG012 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1690   -17.2 %DIF 
NC28SDG012 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1730   -15.2 %DIF 
NC28SDG012 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG012 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG012 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG012 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG012 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1800   -12 %DIF 
NC28SDG012 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 2040   -0.244 %DIF 
NC28SDG012 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1740   -15.5 %DIF 
NC28SDG012 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1890   -8.25 %DIF 
NC28SDG012 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG012 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG012 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1890   -7.67 %DIF 
NC28SDG012 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1960   -4.25 %DIF 
NC28SDG012 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG012 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1700   -17.2 %DIF 
NC28SDG012 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 2000   -2.53 %DIF 
NC28SDG012 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1650   -17.5 %DIF 
NC28SDG012 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1820   -9.04 %DIF 
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NC28SDG012 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1780   -13.7 %DIF 
NC28SDG012 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1920   -6.89 %DIF 
NC28SDG013 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2030   -5.14 %DIF 
NC28SDG013 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2060   -3.74 %DIF 
NC28SDG013 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2010   -2.33 %DIF 
NC28SDG013 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG013 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2050   -0.195 %DIF 
NC28SDG013 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2100   2.24 %DIF 
NC28SDG013 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG013 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1950   -5.66 %DIF 
NC28SDG013 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2000   -3.24 %DIF 
NC28SDG013 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1870   -8.82 %DIF 
NC28SDG013 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1880   -8.34 %DIF 
NC28SDG013 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2060   -1.76 %DIF 
NC28SDG013 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2100   0.143 %DIF 
NC28SDG013 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1830   -11.6 %DIF 
NC28SDG013 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1870   -9.62 %DIF 
NC28SDG013 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1860   -8.6 %DIF 
NC28SDG013 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1910   -6.14 %DIF 
NC28SDG013 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1880   -7.93 %DIF 
NC28SDG013 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1900   -6.95 %DIF 
NC28SDG013 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG013 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1830   -11.3 %DIF 
NC28SDG013 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1860   -9.88 %DIF 
NC28SDG013 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG013 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1730   -16.7 %DIF 
NC28SDG013 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1740   -16.2 %DIF 
NC28SDG013 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1750   -15 %DIF 
NC28SDG013 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1850   -10.2 %DIF 
NC28SDG013 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1780   -12.2 %DIF 
NC28SDG013 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1890   -6.76 %DIF 
NC28SDG013 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1730   -15.2 %DIF 
NC28SDG013 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1760   -13.7 %DIF 
NC28SDG013 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG013 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
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NC28SDG013 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG013 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG013 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1870   -8.56 %DIF 
NC28SDG013 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 2040   -0.244 %DIF 
NC28SDG013 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1720   -16.5 %DIF 
NC28SDG013 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1890   -8.25 %DIF 
NC28SDG013 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG013 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG013 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1810   -11.6 %DIF 
NC28SDG013 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1960   -4.25 %DIF 
NC28SDG013 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG013 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1650   -19.6 %DIF 
NC28SDG013 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 2000   -2.53 %DIF 
NC28SDG013 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1720   -14 %DIF 
NC28SDG013 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1820   -9.04 %DIF 
NC28SDG013 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1810   -12.2 %DIF 
NC28SDG013 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1920   -6.89 %DIF 
NC28SDG014 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2030   -5.14 %DIF 
NC28SDG014 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2010   -2.33 %DIF 
NC28SDG014 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG014 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2050   -0.195 %DIF 
NC28SDG014 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG014 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2000   -3.24 %DIF 
NC28SDG014 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1880   -8.34 %DIF 
NC28SDG014 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2060   -1.76 %DIF 
NC28SDG014 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1830   -11.6 %DIF 
NC28SDG014 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1860   -8.6 %DIF 
NC28SDG014 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1880   -7.93 %DIF 
NC28SDG014 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG014 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1830   -11.3 %DIF 
NC28SDG014 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG014 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1740   -16.2 %DIF 
NC28SDG014 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1850   -10.2 %DIF 
NC28SDG014 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1780   -12.2 %DIF 
NC28SDG014 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1760   -13.7 %DIF 
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NC28SDG014 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG014 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG014 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG014 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG014 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1870   -8.56 %DIF 
NC28SDG014 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1720   -16.5 %DIF 
NC28SDG014 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG014 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG014 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1810   -11.6 %DIF 
NC28SDG014 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG014 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1650   -19.6 %DIF 
NC28SDG014 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1720   -14 %DIF 
NC28SDG014 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1810   -12.2 %DIF 
NC28SDG015 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2070   -3.27 %DIF 
NC28SDG015 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2070   0.583 %DIF 
NC28SDG015 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG015 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2060   0.292 %DIF 
NC28SDG015 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG015 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2000   -3.24 %DIF 
NC28SDG015 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1900   -7.36 %DIF 
NC28SDG015 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2030   -3.2 %DIF 
NC28SDG015 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1850   -10.6 %DIF 
NC28SDG015 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1900   -6.63 %DIF 
NC28SDG015 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1960   -4.02 %DIF 
NC28SDG015 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG015 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1870   -9.4 %DIF 
NC28SDG015 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG015 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1760   -15.2 %DIF 
NC28SDG015 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1810   -12.1 %DIF 
NC28SDG015 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1830   -9.72 %DIF 
NC28SDG015 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1730   -15.2 %DIF 
NC28SDG015 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG015 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG015 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG015 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
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NC28SDG015 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1830   -10.5 %DIF 
NC28SDG015 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1780   -13.6 %DIF 
NC28SDG015 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG015 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG015 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1890   -7.67 %DIF 
NC28SDG015 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG015 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1670   -18.6 %DIF 
NC28SDG015 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1730   -13.5 %DIF 
NC28SDG015 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1870   -9.31 %DIF 
NC28SDG016 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1980   -7.48 %DIF 
NC28SDG016 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1980   -3.79 %DIF 
NC28SDG016 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG016 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2130   3.7 %DIF 
NC28SDG016 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG016 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1980   -4.21 %DIF 
NC28SDG016 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1870   -8.82 %DIF 
NC28SDG016 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1920   -8.44 %DIF 
NC28SDG016 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1920   -7.2 %DIF 
NC28SDG016 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1900   -6.63 %DIF 
NC28SDG016 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1800   -11.8 %DIF 
NC28SDG016 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG016 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1790   -13.3 %DIF 
NC28SDG016 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG016 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1720   -17.1 %DIF 
NC28SDG016 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1780   -13.6 %DIF 
NC28SDG016 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1780   -12.2 %DIF 
NC28SDG016 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1820   -10.8 %DIF 
NC28SDG016 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG016 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG016 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG016 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG016 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1950   -4.64 %DIF 
NC28SDG016 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1840   -10.7 %DIF 
NC28SDG016 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG016 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
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NC28SDG016 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1900   -7.18 %DIF 
NC28SDG016 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG016 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1790   -12.8 %DIF 
NC28SDG016 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1650   -17.5 %DIF 
NC28SDG016 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1840   -10.8 %DIF 
NC28SDG017 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1980   -7.48 %DIF 
NC28SDG017 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1980   -3.79 %DIF 
NC28SDG017 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG017 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2130   3.7 %DIF 
NC28SDG017 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG017 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1980   -4.21 %DIF 
NC28SDG017 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1870   -8.82 %DIF 
NC28SDG017 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1920   -8.44 %DIF 
NC28SDG017 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1920   -7.2 %DIF 
NC28SDG017 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1900   -6.63 %DIF 
NC28SDG017 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1800   -11.8 %DIF 
NC28SDG017 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG017 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1790   -13.3 %DIF 
NC28SDG017 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG017 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1720   -17.1 %DIF 
NC28SDG017 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1780   -13.6 %DIF 
NC28SDG017 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1780   -12.2 %DIF 
NC28SDG017 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1820   -10.8 %DIF 
NC28SDG017 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG017 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG017 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG017 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG017 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1950   -4.64 %DIF 
NC28SDG017 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1840   -10.7 %DIF 
NC28SDG017 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG017 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG017 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1900   -7.18 %DIF 
NC28SDG017 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG017 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1790   -12.8 %DIF 
NC28SDG017 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1650   -17.5 %DIF 
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NC28SDG017 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1840   -10.8 %DIF 
NC28SDG018 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2030   -5.14 %DIF 
NC28SDG018 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2010   -2.33 %DIF 
NC28SDG018 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG018 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2020   -1.66 %DIF 
NC28SDG018 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG018 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1920   -7.11 %DIF 
NC28SDG018 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1930   -5.9 %DIF 
NC28SDG018 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2110   0.62 %DIF 
NC28SDG018 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1790   -13.5 %DIF 
NC28SDG018 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1840   -9.58 %DIF 
NC28SDG018 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1910   -6.46 %DIF 
NC28SDG018 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG018 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1840   -10.8 %DIF 
NC28SDG018 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG018 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1700   -18.1 %DIF 
NC28SDG018 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1820   -11.6 %DIF 
NC28SDG018 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1910   -5.77 %DIF 
NC28SDG018 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1720   -15.7 %DIF 
NC28SDG018 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG018 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG018 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG018 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG018 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1800   -12 %DIF 
NC28SDG018 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1730   -16 %DIF 
NC28SDG018 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG018 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG018 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1860   -9.14 %DIF 
NC28SDG018 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG018 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1770   -13.7 %DIF 
NC28SDG018 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1750   -12.5 %DIF 
NC28SDG018 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1820   -11.7 %DIF 
NC28SDG019 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2000   -6.54 %DIF 
NC28SDG019 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1980   -3.79 %DIF 
NC28SDG019 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
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NC28SDG019 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1780   -13.3 %DIF 
NC28SDG019 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG019 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1920   -7.11 %DIF 
NC28SDG019 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1910   -6.87 %DIF 
NC28SDG019 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1880   -10.3 %DIF 
NC28SDG019 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1830   -11.6 %DIF 
NC28SDG019 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1920   -5.65 %DIF 
NC28SDG019 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1930   -5.48 %DIF 
NC28SDG019 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG019 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1940   -6.01 %DIF 
NC28SDG019 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG019 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1820   -12.3 %DIF 
NC28SDG019 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1870   -9.18 %DIF 
NC28SDG019 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1820   -10.2 %DIF 
NC28SDG019 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1730   -15.2 %DIF 
NC28SDG019 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG019 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG019 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG019 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG019 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1910   -6.6 %DIF 
NC28SDG019 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1810   -12.1 %DIF 
NC28SDG019 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG019 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG019 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1910   -6.69 %DIF 
NC28SDG019 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG019 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1730   -15.7 %DIF 
NC28SDG019 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1700   -15 %DIF 
NC28SDG019 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1830   -11.2 %DIF 
NC28SDG020 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1980   -7.48 %DIF 
NC28SDG020 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1950   -5.25 %DIF 
NC28SDG020 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG020 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1990   -3.12 %DIF 
NC28SDG020 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG020 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1860   -10 %DIF 
NC28SDG020 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1810   -11.8 %DIF 
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NC28SDG020 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2110   0.62 %DIF 
NC28SDG020 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1800   -13 %DIF 
NC28SDG020 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1860   -8.6 %DIF 
NC28SDG020 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1810   -11.4 %DIF 
NC28SDG020 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG020 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1800   -12.8 %DIF 
NC28SDG020 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG020 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1750   -15.7 %DIF 
NC28SDG020 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1790   -13.1 %DIF 
NC28SDG020 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1780   -12.2 %DIF 
NC28SDG020 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1700   -16.7 %DIF 
NC28SDG020 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG020 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG020 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG020 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG020 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1850   -9.54 %DIF 
NC28SDG020 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1790   -13.1 %DIF 
NC28SDG020 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG020 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG020 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1890   -7.67 %DIF 
NC28SDG020 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG020 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1710   -16.7 %DIF 
NC28SDG020 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1750   -12.5 %DIF 
NC28SDG020 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1840   -10.8 %DIF 
NC28SDG021 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2010   -6.07 %DIF 
NC28SDG021 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2020   -5.61 %DIF 
NC28SDG021 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2010   -2.33 %DIF 
NC28SDG021 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2020   -1.85 %DIF 
NC28SDG021 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG021 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1890   -7.98 %DIF 
NC28SDG021 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1990   -3.12 %DIF 
NC28SDG021 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG021 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1940   -6.14 %DIF 
NC28SDG021 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1970   -4.69 %DIF 
NC28SDG021 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1930   -5.9 %DIF 
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NC28SDG021 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1970   -3.95 %DIF 
NC28SDG021 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2450   16.8 %DIF 
NC28SDG021 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2510   19.7 %DIF 
NC28SDG021 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1820   -12 %DIF 
NC28SDG021 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1920   -7.2 %DIF 
NC28SDG021 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1860   -8.6 %DIF 
NC28SDG021 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1950   -4.18 %DIF 
NC28SDG021 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1730   -15.3 %DIF 
NC28SDG021 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1930   -5.48 %DIF 
NC28SDG021 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG021 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1700   -17.6 %DIF 
NC28SDG021 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2010   -2.62 %DIF 
NC28SDG021 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG021 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1760   -15.2 %DIF 
NC28SDG021 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1900   -8.48 %DIF 
NC28SDG021 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1870   -9.18 %DIF 
NC28SDG021 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1930   -6.26 %DIF 
NC28SDG021 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1850   -8.73 %DIF 
NC28SDG021 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1890   -6.76 %DIF 
NC28SDG021 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1640   -19.6 %DIF 
NC28SDG021 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1810   -11.3 %DIF 
NC28SDG021 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG021 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG021 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG021 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG021 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1880   -8.07 %DIF 
NC28SDG021 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1960   -4.16 %DIF 
NC28SDG021 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1910   -7.28 %DIF 
NC28SDG021 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 2000   -2.91 %DIF 
NC28SDG021 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG021 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG021 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1790   -12.6 %DIF 
NC28SDG021 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1880   -8.16 %DIF 
NC28SDG021 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG021 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1770   -13.7 %DIF 
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NC28SDG021 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1780   -13.2 %DIF 
NC28SDG021 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1770   -11.5 %DIF 
NC28SDG021 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1940   -3.05 %DIF 
NC28SDG021 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1820   -11.7 %DIF 
NC28SDG021 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 2100   1.84 %DIF 
NC28SDG022 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2030   -5.14 %DIF 
NC28SDG022 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2060   -3.74 %DIF 
NC28SDG022 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2030   -1.36 %DIF 
NC28SDG022 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2070   0.583 %DIF 
NC28SDG022 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG022 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2020   -1.66 %DIF 
NC28SDG022 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2100   2.24 %DIF 
NC28SDG022 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG022 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1960   -5.18 %DIF 
NC28SDG022 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2000   -3.24 %DIF 
NC28SDG022 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1870   -8.82 %DIF 
NC28SDG022 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1890   -7.85 %DIF 
NC28SDG022 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2040   -2.72 %DIF 
NC28SDG022 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2100   0.143 %DIF 
NC28SDG022 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1850   -10.6 %DIF 
NC28SDG022 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1900   -8.17 %DIF 
NC28SDG022 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1770   -13 %DIF 
NC28SDG022 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1960   -3.68 %DIF 
NC28SDG022 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1800   -11.8 %DIF 
NC28SDG022 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1860   -8.91 %DIF 
NC28SDG022 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG022 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1780   -13.8 %DIF 
NC28SDG022 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1910   -7.46 %DIF 
NC28SDG022 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG022 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1710   -17.6 %DIF 
NC28SDG022 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1760   -15.2 %DIF 
NC28SDG022 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1700   -17.4 %DIF 
NC28SDG022 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1820   -11.6 %DIF 
NC28SDG022 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1770   -12.7 %DIF 
NC28SDG022 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.26 %DIF 
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NC28SDG022 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1680   -17.6 %DIF 
NC28SDG022 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1690   -17.2 %DIF 
NC28SDG022 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG022 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG022 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG022 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG022 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1860   -9.05 %DIF 
NC28SDG022 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1920   -6.11 %DIF 
NC28SDG022 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1740   -15.5 %DIF 
NC28SDG022 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1770   -14.1 %DIF 
NC28SDG022 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG022 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG022 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1780   -13 %DIF 
NC28SDG022 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1870   -8.65 %DIF 
NC28SDG022 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG022 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1710   -16.7 %DIF 
NC28SDG022 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1730   -15.7 %DIF 
NC28SDG022 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1740   -13 %DIF 
NC28SDG022 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1770   -11.5 %DIF 
NC28SDG022 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1800   -12.7 %DIF 
NC28SDG022 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1950   -5.43 %DIF 
NC28SDG023 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2030   -5.14 %DIF 
NC28SDG023 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2060   -3.74 %DIF 
NC28SDG023 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2030   -1.36 %DIF 
NC28SDG023 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2070   0.583 %DIF 
NC28SDG023 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG023 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2020   -1.66 %DIF 
NC28SDG023 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2100   2.24 %DIF 
NC28SDG023 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG023 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1960   -5.18 %DIF 
NC28SDG023 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2000   -3.24 %DIF 
NC28SDG023 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1870   -8.82 %DIF 
NC28SDG023 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1890   -7.85 %DIF 
NC28SDG023 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2040   -2.72 %DIF 
NC28SDG023 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2100   0.143 %DIF 
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NC28SDG023 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1850   -10.6 %DIF 
NC28SDG023 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1900   -8.17 %DIF 
NC28SDG023 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1770   -13 %DIF 
NC28SDG023 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1960   -3.68 %DIF 
NC28SDG023 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1800   -11.8 %DIF 
NC28SDG023 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1860   -8.91 %DIF 
NC28SDG023 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG023 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1780   -13.8 %DIF 
NC28SDG023 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1910   -7.46 %DIF 
NC28SDG023 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC28SDG023 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1710   -17.6 %DIF 
NC28SDG023 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1760   -15.2 %DIF 
NC28SDG023 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1700   -17.4 %DIF 
NC28SDG023 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1820   -11.6 %DIF 
NC28SDG023 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1770   -12.7 %DIF 
NC28SDG023 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.26 %DIF 
NC28SDG023 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1680   -17.6 %DIF 
NC28SDG023 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1690   -17.2 %DIF 
NC28SDG023 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG023 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG023 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC28SDG023 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC28SDG023 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1860   -9.05 %DIF 
NC28SDG023 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1920   -6.11 %DIF 
NC28SDG023 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1740   -15.5 %DIF 
NC28SDG023 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1770   -14.1 %DIF 
NC28SDG023 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC28SDG023 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC28SDG023 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1780   -13 %DIF 
NC28SDG023 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1870   -8.65 %DIF 
NC28SDG023 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC28SDG023 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1710   -16.7 %DIF 
NC28SDG023 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1730   -15.7 %DIF 
NC28SDG023 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1740   -13 %DIF 
NC28SDG023 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1770   -11.5 %DIF 
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NC28SDG023 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1800   -12.7 %DIF 
NC28SDG023 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1950   -5.43 %DIF 
NC34SDG001 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1920   -10.3 %DIF 
NC34SDG001 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2060   -3.74 %DIF 
NC34SDG001 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1950   -5.25 %DIF 
NC34SDG001 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1960   -4.76 %DIF 
NC34SDG001 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG001 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1910   0  
NC34SDG001 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1950   -5.06 %DIF 
NC34SDG001 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2080   1.26 %DIF 
NC34SDG001 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG001 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1920   -7.11 %DIF 
NC34SDG001 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2000   -3.24 %DIF 
NC34SDG001 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1800   -12.2 %DIF 
NC34SDG001 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 2050   -0.0488 %DIF 
NC34SDG001 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1790   -14.6 %DIF 
NC34SDG001 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2100   0.143 %DIF 
NC34SDG001 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1800   -13 %DIF 
NC34SDG001 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 2010   -2.85 %DIF 
NC34SDG001 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1850   -9.09 %DIF 
NC34SDG001 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 2000   -1.72 %DIF 
NC34SDG001 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1710   -16.2 %DIF 
NC34SDG001 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 2080   1.86 %DIF 
NC34SDG001 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG001 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1690   -18.1 %DIF 
NC34SDG001 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2010   -2.62 %DIF 
NC34SDG001 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG001 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1770   -14.7 %DIF 
NC34SDG001 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2010   -3.18 %DIF 
NC34SDG001 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1750   -15 %DIF 
NC34SDG001 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1930   -6.26 %DIF 
NC34SDG001 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1760   -13.2 %DIF 
NC34SDG001 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 2090   3.11 %DIF 
NC34SDG001 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1680   -17.6 %DIF 
NC34SDG001 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1870   -8.33 %DIF 
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NC34SDG001 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG001 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG001 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG001 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG001 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1770   -13.4 %DIF 
NC34SDG001 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 2000   -2.2 %DIF 
NC34SDG001 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1700   -17.5 %DIF 
NC34SDG001 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1940   -5.82 %DIF 
NC34SDG001 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG001 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG001 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1810   -11.6 %DIF 
NC34SDG001 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1970   -3.76 %DIF 
NC34SDG001 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG001 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1690   -17.6 %DIF 
NC34SDG001 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 2030   -1.07 %DIF 
NC34SDG001 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1660   -17 %DIF 
NC34SDG001 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1910   -4.55 %DIF 
NC34SDG001 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1740   -15.6 %DIF 
NC34SDG001 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 2120   2.81 %DIF 
NC34SDG002 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1920   -10.3 %DIF 
NC34SDG002 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2100   -3.74 %DIF 
NC34SDG002 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1900   -5.25 %DIF 
NC34SDG002 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1960   -4.76 %DIF 
NC34SDG002 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG002 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1910   0  
NC34SDG002 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1950   -5.06 %DIF 
NC34SDG002 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2100   1.26 %DIF 
NC34SDG002 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG002 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1920   -7.11 %DIF 
NC34SDG002 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2000   -3.24 %DIF 
NC34SDG002 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1800   -12.2 %DIF 
NC34SDG002 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 2000   -0.0488 %DIF 
NC34SDG002 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1790   -14.6 %DIF 
NC34SDG002 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2100   0.143 %DIF 
NC34SDG002 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1800   -13 %DIF 
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NC34SDG002 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 2000   -2.85 %DIF 
NC34SDG002 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1850   -9.09 %DIF 
NC34SDG002 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 2000   -1.72 %DIF 
NC34SDG002 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1710   -16.2 %DIF 
NC34SDG002 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 2100   1.86 %DIF 
NC34SDG002 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG002 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1690   -18.1 %DIF 
NC34SDG002 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2000   -2.62 %DIF 
NC34SDG002 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG002 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1770   -14.7 %DIF 
NC34SDG002 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2000   -3.18 %DIF 
NC34SDG002 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1750   -15 %DIF 
NC34SDG002 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1900   -6.26 %DIF 
NC34SDG002 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1760   -13.2 %DIF 
NC34SDG002 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 2100   3.11 %DIF 
NC34SDG002 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1680   -17.6 %DIF 
NC34SDG002 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1900   -8.33 %DIF 
NC34SDG002 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG002 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG002 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG002 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG002 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1770   -13.4 %DIF 
NC34SDG002 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 2000   -2.2 %DIF 
NC34SDG002 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1700   -17.5 %DIF 
NC34SDG002 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1900   -5.82 %DIF 
NC34SDG002 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG002 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG002 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1810   -11.6 %DIF 
NC34SDG002 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 2000   -3.76 %DIF 
NC34SDG002 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG002 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1690   -17.6 %DIF 
NC34SDG002 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 2000   -1.07 %DIF 
NC34SDG002 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1660   -17 %DIF 
NC34SDG002 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1900   -4.55 %DIF 
NC34SDG002 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1740   -15.6 %DIF 
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NC34SDG002 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 2100   2.81 %DIF 
NC34SDG003 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1920   -10.3 %DIF 
NC34SDG003 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1960   -4.76 %DIF 
NC34SDG003 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1910   0  
NC34SDG003 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1950   -5.06 %DIF 
NC34SDG003 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG003 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1920   -7.11 %DIF 
NC34SDG003 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1800   -12.2 %DIF 
NC34SDG003 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1790   -14.6 %DIF 
NC34SDG003 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1800   -13 %DIF 
NC34SDG003 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1850   -9.09 %DIF 
NC34SDG003 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1710   -16.2 %DIF 
NC34SDG003 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG003 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1690   -18.1 %DIF 
NC34SDG003 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG003 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1770   -14.7 %DIF 
NC34SDG003 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1750   -15 %DIF 
NC34SDG003 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1760   -13.2 %DIF 
NC34SDG003 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1680   -17.6 %DIF 
NC34SDG003 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG003 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG003 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG003 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG003 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1770   -13.4 %DIF 
NC34SDG003 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1700   -17.5 %DIF 
NC34SDG003 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG003 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG003 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1810   -11.6 %DIF 
NC34SDG003 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG003 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1690   -17.6 %DIF 
NC34SDG003 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1660   -17 %DIF 
NC34SDG003 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1740   -15.6 %DIF 
NC34SDG004 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1920   -10.3 %DIF 
NC34SDG004 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1970   -7.94 %DIF 
NC34SDG004 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2030   -5.14 %DIF 
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NC34SDG004 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1960   -4.76 %DIF 
NC34SDG004 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1970   -4.28 %DIF 
NC34SDG004 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG004 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1910   0  
NC34SDG004 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1960   0  
NC34SDG004 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1950   -5.06 %DIF 
NC34SDG004 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2030   -1.17 %DIF 
NC34SDG004 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2070   0.779 %DIF 
NC34SDG004 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG004 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1920   -7.11 %DIF 
NC34SDG004 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1950   -5.66 %DIF 
NC34SDG004 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1800   -12.2 %DIF 
NC34SDG004 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1820   -11.3 %DIF 
NC34SDG004 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1910   -6.87 %DIF 
NC34SDG004 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1740   -17 %DIF 
NC34SDG004 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1790   -14.6 %DIF 
NC34SDG004 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1810   -13.7 %DIF 
NC34SDG004 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1800   -13 %DIF 
NC34SDG004 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1840   -11.1 %DIF 
NC34SDG004 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1870   -9.62 %DIF 
NC34SDG004 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1820   -10.6 %DIF 
NC34SDG004 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1850   -9.09 %DIF 
NC34SDG004 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1950   -4.18 %DIF 
NC34SDG004 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1710   -16.2 %DIF 
NC34SDG004 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1720   -15.8 %DIF 
NC34SDG004 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1860   -8.91 %DIF 
NC34SDG004 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG004 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1690   -18.1 %DIF 
NC34SDG004 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1860   -9.88 %DIF 
NC34SDG004 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1920   -6.98 %DIF 
NC34SDG004 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG004 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1750   -15.7 %DIF 
NC34SDG004 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1770   -14.7 %DIF 
NC34SDG004 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1790   -13.8 %DIF 
NC34SDG004 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1660   -19.4 %DIF 
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NC34SDG004 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1750   -15 %DIF 
NC34SDG004 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1840   -10.6 %DIF 
NC34SDG004 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1760   -13.2 %DIF 
NC34SDG004 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1940   -4.29 %DIF 
NC34SDG004 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1990   -1.82 %DIF 
NC34SDG004 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1680   -17.6 %DIF 
NC34SDG004 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1720   -15.7 %DIF 
NC34SDG004 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1760   -13.7 %DIF 
NC34SDG004 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG004 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG004 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG004 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG004 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1770   -13.4 %DIF 
NC34SDG004 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1970   -3.67 %DIF 
NC34SDG004 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 2020   -1.22 %DIF 
NC34SDG004 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1700   -17.5 %DIF 
NC34SDG004 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1730   -16 %DIF 
NC34SDG004 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1770   -14.1 %DIF 
NC34SDG004 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG004 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG004 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1810   -11.6 %DIF 
NC34SDG004 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1840   -10.1 %DIF 
NC34SDG004 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1870   -8.65 %DIF 
NC34SDG004 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG004 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1690   -17.6 %DIF 
NC34SDG004 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1770   -13.7 %DIF 
NC34SDG004 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1870   -8.87 %DIF 
NC34SDG004 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1660   -17 %DIF 
NC34SDG004 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1680   -16 %DIF 
NC34SDG004 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1720   -14 %DIF 
NC34SDG004 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1740   -15.6 %DIF 
NC34SDG004 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1800   -12.7 %DIF 
NC34SDG004 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1860   -9.8 %DIF 
NC34SDG005 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1920   -10.3 %DIF 
NC34SDG005 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2030   -5.14 %DIF 
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NC34SDG005 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2080   -2.8 %DIF 
NC34SDG005 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1850   -10.1 %DIF 
NC34SDG005 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1960   -4.76 %DIF 
NC34SDG005 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2080   1.07 %DIF 
NC34SDG005 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG005 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1930   0  
NC34SDG005 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1960   0  
NC34SDG005 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1880   -8.47 %DIF 
NC34SDG005 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2030   -1.17 %DIF 
NC34SDG005 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2050   -0.195 %DIF 
NC34SDG005 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG005 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1820   -11.9 %DIF 
NC34SDG005 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1950   -5.66 %DIF 
NC34SDG005 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2020   -2.27 %DIF 
NC34SDG005 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1890   -7.85 %DIF 
NC34SDG005 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1910   -6.87 %DIF 
NC34SDG005 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 2030   -1.02 %DIF 
NC34SDG005 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1810   -13.7 %DIF 
NC34SDG005 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1960   -6.53 %DIF 
NC34SDG005 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2020   -3.67 %DIF 
NC34SDG005 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1790   -13.5 %DIF 
NC34SDG005 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1870   -9.62 %DIF 
NC34SDG005 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 2010   -2.85 %DIF 
NC34SDG005 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1820   -10.6 %DIF 
NC34SDG005 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1850   -9.09 %DIF 
NC34SDG005 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1950   -4.18 %DIF 
NC34SDG005 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1720   -15.8 %DIF 
NC34SDG005 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1810   -11.4 %DIF 
NC34SDG005 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1930   -5.48 %DIF 
NC34SDG005 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG005 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1840   -10.8 %DIF 
NC34SDG005 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1860   -9.88 %DIF 
NC34SDG005 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2040   -1.16 %DIF 
NC34SDG005 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG005 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1710   -17.6 %DIF 
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NC34SDG005 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1790   -13.8 %DIF 
NC34SDG005 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1950   -6.07 %DIF 
NC34SDG005 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1730   -16 %DIF 
NC34SDG005 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1820   -11.6 %DIF 
NC34SDG005 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1840   -10.6 %DIF 
NC34SDG005 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1920   -5.28 %DIF 
NC34SDG005 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1990   -1.82 %DIF 
NC34SDG005 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1720   -15.7 %DIF 
NC34SDG005 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1740   -14.7 %DIF 
NC34SDG005 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1820   -10.8 %DIF 
NC34SDG005 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG005 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG005 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG005 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG005 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1660   -18.8 %DIF 
NC34SDG005 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 2000   -2.2 %DIF 
NC34SDG005 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 2020   -1.22 %DIF 
NC34SDG005 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1730   -16 %DIF 
NC34SDG005 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1820   -11.6 %DIF 
NC34SDG005 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1940   -5.82 %DIF 
NC34SDG005 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG005 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG005 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1700   -17 %DIF 
NC34SDG005 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1840   -10.1 %DIF 
NC34SDG005 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1890   -7.67 %DIF 
NC34SDG005 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG005 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1660   -19.1 %DIF 
NC34SDG005 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1770   -13.7 %DIF 
NC34SDG005 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1890   -7.89 %DIF 
NC34SDG005 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1680   -16 %DIF 
NC34SDG005 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1720   -14 %DIF 
NC34SDG005 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1850   -7.55 %DIF 
NC34SDG005 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1790   -13.2 %DIF 
NC34SDG005 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1800   -12.7 %DIF 
NC34SDG005 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1830   -11.2 %DIF 
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NC34SDG006 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1940   -9.34 %DIF 
NC34SDG006 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2020   -5.61 %DIF 
NC34SDG006 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2200   2.8 %DIF 
NC34SDG006 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1960   -4.76 %DIF 
NC34SDG006 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2050   -0.389 %DIF 
NC34SDG006 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2070   0.583 %DIF 
NC34SDG006 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1990   0  
NC34SDG006 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 2060   0  
NC34SDG006 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 2150   0  
NC34SDG006 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2020   -1.66 %DIF 
NC34SDG006 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2090   1.75 %DIF 
NC34SDG006 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2150   4.67 %DIF 
NC34SDG006 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG006 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1960   -5.18 %DIF 
NC34SDG006 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2020   -2.27 %DIF 
NC34SDG006 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2060   -0.339 %DIF 
NC34SDG006 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1840   -10.3 %DIF 
NC34SDG006 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1970   -3.95 %DIF 
NC34SDG006 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 2040   -0.536 %DIF 
NC34SDG006 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1940   -7.49 %DIF 
NC34SDG006 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2050   -2.24 %DIF 
NC34SDG006 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1850   -10.6 %DIF 
NC34SDG006 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1980   -4.3 %DIF 
NC34SDG006 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 2060   -0.435 %DIF 
NC34SDG006 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1840   -9.58 %DIF 
NC34SDG006 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1990   -2.21 %DIF 
NC34SDG006 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 2000   -1.72 %DIF 
NC34SDG006 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1850   -9.4 %DIF 
NC34SDG006 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1960   -4.02 %DIF 
NC34SDG006 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 2080   1.86 %DIF 
NC34SDG006 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG006 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1880   -8.91 %DIF 
NC34SDG006 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2030   -1.65 %DIF 
NC34SDG006 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2120   2.71 %DIF 
NC34SDG006 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
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NC34SDG006 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1750   -15.7 %DIF 
NC34SDG006 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1890   -8.96 %DIF 
NC34SDG006 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2050   -1.25 %DIF 
NC34SDG006 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1740   -15.5 %DIF 
NC34SDG006 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 2040   -0.923 %DIF 
NC34SDG006 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 2050   -0.437 %DIF 
NC34SDG006 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1760   -13.2 %DIF 
NC34SDG006 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1860   -8.24 %DIF 
NC34SDG006 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.26 %DIF 
NC34SDG006 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1820   -10.8 %DIF 
NC34SDG006 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1970   -3.43 %DIF 
NC34SDG006 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 2040   0 %DIF 
NC34SDG006 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG006 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG006 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG006 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG006 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1660   -18.8 %DIF 
NC34SDG006 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1950   -4.64 %DIF 
NC34SDG006 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 2050   0.244 %DIF 
NC34SDG006 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1780   -13.6 %DIF 
NC34SDG006 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1950   -5.34 %DIF 
NC34SDG006 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 2100   1.94 %DIF 
NC34SDG006 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG006 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG006 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1900   -7.18 %DIF 
NC34SDG006 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1990   -2.78 %DIF 
NC34SDG006 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 2090   2.1 %DIF 
NC34SDG006 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG006 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1680   -18.1 %DIF 
NC34SDG006 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1880   -8.38 %DIF 
NC34SDG006 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1910   -6.92 %DIF 
NC34SDG006 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1720   -14 %DIF 
NC34SDG006 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1790   -10.5 %DIF 
NC34SDG006 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1980   -1.05 %DIF 
NC34SDG006 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1770   -14.2 %DIF 
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NC34SDG006 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1900   -7.86 %DIF 
NC34SDG006 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 2100   1.84 %DIF 
NC34SDG007 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 1990   -7.01 %DIF 
NC34SDG007 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 1920   -6.7 %DIF 
NC34SDG007 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1950   0  
NC34SDG007 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2110   2.73 %DIF 
NC34SDG007 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG007 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1950   -5.66 %DIF 
NC34SDG007 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 2000   -2.49 %DIF 
NC34SDG007 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1910   -8.92 %DIF 
NC34SDG007 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1810   -12.5 %DIF 
NC34SDG007 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1970   -3.19 %DIF 
NC34SDG007 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1780   -12.8 %DIF 
NC34SDG007 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG007 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1930   -6.49 %DIF 
NC34SDG007 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG007 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1880   -9.44 %DIF 
NC34SDG007 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1900   -7.72 %DIF 
NC34SDG007 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 2100   3.6 %DIF 
NC34SDG007 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1880   -7.84 %DIF 
NC34SDG007 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG007 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG007 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG007 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG007 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1980   -3.18 %DIF 
NC34SDG007 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1720   -16.5 %DIF 
NC34SDG007 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG007 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG007 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1960   -4.25 %DIF 
NC34SDG007 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG007 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1880   -8.38 %DIF 
NC34SDG007 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1790   -10.5 %DIF 
NC34SDG007 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1750   -15.1 %DIF 
NC34SDG008 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2020   -5.61 %DIF 
NC34SDG008 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2070   -3.27 %DIF 











 



 
 



C-369



Sample Delivery 
Group 



Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier Result 
Comment



QC Result QC Units 



NC34SDG008 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2030   -1.36 %DIF 
NC34SDG008 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2050   -0.389 %DIF 
NC34SDG008 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1950   0  
NC34SDG008 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 2150   0  
NC34SDG008 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 1970   -4.09 %DIF 
NC34SDG008 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2020   -1.66 %DIF 
NC34SDG008 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG008 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1960   -5.18 %DIF 
NC34SDG008 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2020   -2.27 %DIF 
NC34SDG008 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1900   -7.36 %DIF 
NC34SDG008 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1970   -3.95 %DIF 
NC34SDG008 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1950   -7.01 %DIF 
NC34SDG008 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2050   -2.24 %DIF 
NC34SDG008 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1830   -11.6 %DIF 
NC34SDG008 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 2060   -0.435 %DIF 
NC34SDG008 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1900   -6.63 %DIF 
NC34SDG008 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 2000   -1.72 %DIF 
NC34SDG008 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1940   -5 %DIF 
NC34SDG008 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1960   -4.02 %DIF 
NC34SDG008 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG008 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2030   -1.65 %DIF 
NC34SDG008 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2040   -1.16 %DIF 
NC34SDG008 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG008 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1890   -8.96 %DIF 
NC34SDG008 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1940   -6.55 %DIF 
NC34SDG008 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1850   -10.2 %DIF 
NC34SDG008 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 2050   -0.437 %DIF 
NC34SDG008 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1820   -10.2 %DIF 
NC34SDG008 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1860   -8.24 %DIF 
NC34SDG008 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1930   -5.39 %DIF 
NC34SDG008 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1970   -3.43 %DIF 
NC34SDG008 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG008 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG008 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG008 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
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NC34SDG008 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1840   -10 %DIF 
NC34SDG008 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1950   -4.64 %DIF 
NC34SDG008 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1860   -9.71 %DIF 
NC34SDG008 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1950   -5.34 %DIF 
NC34SDG008 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG008 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG008 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1900   -7.18 %DIF 
NC34SDG008 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1990   -2.78 %DIF 
NC34SDG008 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG008 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1900   -7.41 %DIF 
NC34SDG008 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1910   -6.92 %DIF 
NC34SDG008 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1790   -10.5 %DIF 
NC34SDG008 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1880   -8.83 %DIF 
NC34SDG008 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1900   -7.86 %DIF 
NC34SDG009 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2220   3.74 %DIF 
NC34SDG009 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2310   7.94 %DIF 
NC34SDG009 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2150   4.47 %DIF 
NC34SDG009 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2290   11.3 %DIF 
NC34SDG009 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG009 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 2130   0  
NC34SDG009 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2110   2.73 %DIF 
NC34SDG009 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2200   7.11 %DIF 
NC34SDG009 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG009 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2150   4.02 %DIF 
NC34SDG009 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2200   6.43 %DIF 
NC34SDG009 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1910   -6.87 %DIF 
NC34SDG009 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 2080   1.41 %DIF 
NC34SDG009 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1940   -7.49 %DIF 
NC34SDG009 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2100   0.143 %DIF 
NC34SDG009 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1980   -4.3 %DIF 
NC34SDG009 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 2030   -1.88 %DIF 
NC34SDG009 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1990   -2.21 %DIF 
NC34SDG009 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 2100   3.19 %DIF 
NC34SDG009 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1900   -6.95 %DIF 
NC34SDG009 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 2120   3.82 %DIF 
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NC34SDG009 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG009 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2100   1.74 %DIF 
NC34SDG009 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2120   2.71 %DIF 
NC34SDG009 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG009 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1940   -6.55 %DIF 
NC34SDG009 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2060   -0.771 %DIF 
NC34SDG009 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 2000   -2.86 %DIF 
NC34SDG009 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 2020   -1.89 %DIF 
NC34SDG009 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1860   -8.24 %DIF 
NC34SDG009 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 2040   0.641 %DIF 
NC34SDG009 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1840   -9.8 %DIF 
NC34SDG009 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1980   -2.94 %DIF 
NC34SDG009 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG009 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG009 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG009 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG009 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1820   -11 %DIF 
NC34SDG009 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1850   -9.54 %DIF 
NC34SDG009 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1960   -4.85 %DIF 
NC34SDG009 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 2090   1.46 %DIF 
NC34SDG009 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG009 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG009 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1840   -10.1 %DIF 
NC34SDG009 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 2210   7.96 %DIF 
NC34SDG009 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG009 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1850   -9.84 %DIF 
NC34SDG009 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1940   -5.46 %DIF 
NC34SDG009 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1760   -12 %DIF 
NC34SDG009 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1820   -9.04 %DIF 
NC34SDG009 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1930   -6.4 %DIF 
NC34SDG009 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 2070   0.388 %DIF 
NC34SDG010 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2070   -3.27 %DIF 
NC34SDG010 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2140   0 %DIF 
NC34SDG010 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2070   0.583 %DIF 
NC34SDG010 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 0 ND  0  
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NC34SDG010 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2130   3.7 %DIF 
NC34SDG010 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG010 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 1940   -6.14 %DIF 
NC34SDG010 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2040   -1.31 %DIF 
NC34SDG010 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 2030   -1.02 %DIF 
NC34SDG010 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 2120   3.36 %DIF 
NC34SDG010 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1850   -11.8 %DIF 
NC34SDG010 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1870   -10.8 %DIF 
NC34SDG010 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1890   -8.65 %DIF 
NC34SDG010 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1960   -3.68 %DIF 
NC34SDG010 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 2060   1.23 %DIF 
NC34SDG010 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1900   -6.95 %DIF 
NC34SDG010 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 2100   2.84 %DIF 
NC34SDG010 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG010 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1990   -3.58 %DIF 
NC34SDG010 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2060   -0.194 %DIF 
NC34SDG010 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG010 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1840   -11.4 %DIF 
NC34SDG010 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1910   -8 %DIF 
NC34SDG010 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1880   -8.69 %DIF 
NC34SDG010 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1940   -5.78 %DIF 
NC34SDG010 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1770   -12.7 %DIF 
NC34SDG010 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1850   -8.73 %DIF 
NC34SDG010 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1830   -10.3 %DIF 
NC34SDG010 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1990   -2.45 %DIF 
NC34SDG010 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG010 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG010 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG010 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG010 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1770   -13.4 %DIF 
NC34SDG010 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1830   -10.5 %DIF 
NC34SDG010 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1850   -10.2 %DIF 
NC34SDG010 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1920   -6.8 %DIF 
NC34SDG010 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG010 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  











 



 
 



C-373



Sample Delivery 
Group 



Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier Result 
Comment



QC Result QC Units 



NC34SDG010 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1950   -4.74 %DIF 
NC34SDG010 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1970   -3.76 %DIF 
NC34SDG010 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG010 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1790   -12.8 %DIF 
NC34SDG010 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 2100   2.34 %DIF 
NC34SDG010 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1730   -13.5 %DIF 
NC34SDG010 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1780   -11 %DIF 
NC34SDG010 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1730   -16.1 %DIF 
NC34SDG010 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1860   -9.8 %DIF 
NC34SDG011 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2140   0 %DIF 
NC34SDG011 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2200   6.9 %DIF 
NC34SDG011 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 2050   0  
NC34SDG011 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2090   1.75 %DIF 
NC34SDG011 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG011 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2020   -2.27 %DIF 
NC34SDG011 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1900   -7.36 %DIF 
NC34SDG011 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2140   2.05 %DIF 
NC34SDG011 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1930   -6.72 %DIF 
NC34SDG011 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1960   -3.68 %DIF 
NC34SDG011 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1910   -6.46 %DIF 
NC34SDG011 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG011 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2170   5.14 %DIF 
NC34SDG011 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG011 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1920   -7.51 %DIF 
NC34SDG011 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1980   -3.84 %DIF 
NC34SDG011 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1880   -7.25 %DIF 
NC34SDG011 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1860   -8.82 %DIF 
NC34SDG011 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG011 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG011 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG011 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG011 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1790   -12.5 %DIF 
NC34SDG011 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1910   -7.28 %DIF 
NC34SDG011 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG011 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
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NC34SDG011 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1960   -4.25 %DIF 
NC34SDG011 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG011 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1900   -7.41 %DIF 
NC34SDG011 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1730   -13.5 %DIF 
NC34SDG011 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1830   -11.2 %DIF 
NC34SDG012 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2040   -4.67 %DIF 
NC34SDG012 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2210   3.27 %DIF 
NC34SDG012 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2020   -1.85 %DIF 
NC34SDG012 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2230   8.36 %DIF 
NC34SDG012 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 1920   0  
NC34SDG012 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 2230   0  
NC34SDG012 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2030   -1.17 %DIF 
NC34SDG012 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2180   6.13 %DIF 
NC34SDG012 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG012 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2020   -2.27 %DIF 
NC34SDG012 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2030   -1.79 %DIF 
NC34SDG012 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1940   -5.41 %DIF 
NC34SDG012 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 2040   -0.536 %DIF 
NC34SDG012 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1900   -9.39 %DIF 
NC34SDG012 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2080   -0.811 %DIF 
NC34SDG012 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1850   -10.6 %DIF 
NC34SDG012 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1890   -8.65 %DIF 
NC34SDG012 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1880   -7.62 %DIF 
NC34SDG012 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 2030   -0.246 %DIF 
NC34SDG012 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1920   -5.97 %DIF 
NC34SDG012 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 2020   -1.08 %DIF 
NC34SDG012 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG012 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1920   -6.98 %DIF 
NC34SDG012 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1950   -5.52 %DIF 
NC34SDG012 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG012 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1790   -13.8 %DIF 
NC34SDG012 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1820   -12.3 %DIF 
NC34SDG012 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1900   -7.72 %DIF 
NC34SDG012 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1950   -5.29 %DIF 
NC34SDG012 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1820   -10.2 %DIF 











 



 
 



C-375



Sample Delivery 
Group 



Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier Result 
Comment



QC Result QC Units 



NC34SDG012 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1900   -6.26 %DIF 
NC34SDG012 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1820   -10.8 %DIF 
NC34SDG012 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1930   -5.39 %DIF 
NC34SDG012 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG012 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG012 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG012 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG012 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1830   -10.5 %DIF 
NC34SDG012 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1860   -9.05 %DIF 
NC34SDG012 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1860   -9.71 %DIF 
NC34SDG012 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1920   -6.8 %DIF 
NC34SDG012 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG012 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG012 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1800   -12.1 %DIF 
NC34SDG012 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 2160   5.52 %DIF 
NC34SDG012 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG012 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1850   -9.84 %DIF 
NC34SDG012 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1830   -8.54 %DIF 
NC34SDG012 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1920   -4.05 %DIF 
NC34SDG012 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1820   -11.7 %DIF 
NC34SDG012 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 2130   3.3 %DIF 
NC34SDG013 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2250   5.14 %DIF 
NC34SDG013 0.05 mL 8 - 2,4'-Dichlorobiphenyl 100 8.4 ug/L 2390   11.7 %DIF 
NC34SDG013 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2140   3.98 %DIF 
NC34SDG013 0.05 mL 18 - 2,2',5-Trichlorobiphenyl 100 13 ug/L 2450   19 %DIF 
NC34SDG013 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 2080   0  
NC34SDG013 0.05 mL 28 - 2,4,4'-Trichlorobiphenyl 100 10 ug/L 2590   0  
NC34SDG013 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2080   1.26 %DIF 
NC34SDG013 0.05 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ug/L 2230   8.57 %DIF 
NC34SDG013 0.05 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG013 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2050   -0.822 %DIF 
NC34SDG013 0.05 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 100 5.9 ug/L 2210   6.92 %DIF 
NC34SDG013 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 1860   -9.31 %DIF 
NC34SDG013 0.05 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ug/L 2230   8.73 %DIF 
NC34SDG013 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 1950   -7.01 %DIF 
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NC34SDG013 0.05 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ug/L 2190   4.43 %DIF 
NC34SDG013 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 1910   -7.68 %DIF 
NC34SDG013 0.05 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ug/L 2000   -3.33 %DIF 
NC34SDG013 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 1940   -4.67 %DIF 
NC34SDG013 0.05 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ug/L 2120   4.18 %DIF 
NC34SDG013 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 1830   -10.4 %DIF 
NC34SDG013 0.05 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ug/L 2070   1.37 %DIF 
NC34SDG013 0.05 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG013 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1770   -14.2 %DIF 
NC34SDG013 0.05 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2160   4.65 %DIF 
NC34SDG013 0.05 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ug/L 0 ND  0  
NC34SDG013 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 1680   -19.1 %DIF 
NC34SDG013 0.05 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ug/L 2230   7.42 %DIF 
NC34SDG013 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 1840   -10.6 %DIF 
NC34SDG013 0.05 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ug/L 2190   6.36 %DIF 
NC34SDG013 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1670   -17.6 %DIF 
NC34SDG013 0.05 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ug/L 1950   -3.8 %DIF 
NC34SDG013 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1790   -12.2 %DIF 
NC34SDG013 0.05 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 5.4 ug/L 1870   -8.33 %DIF 
NC34SDG013 0.05 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG013 0.05 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG013 0.05 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ug/L 0 ND  0  
NC34SDG013 0.05 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ug/L 0 ND  0  
NC34SDG013 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 1710   -16.4 %DIF 
NC34SDG013 0.05 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 13 ug/L 2090   2.2 %DIF 
NC34SDG013 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 1760   -14.6 %DIF 
NC34SDG013 0.05 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 13 ug/L 2020   -1.94 %DIF 
NC34SDG013 0.05 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ug/L 0 ND  0  
NC34SDG013 0.05 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ug/L 0 ND  0  
NC34SDG013 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 1920   -6.2 %DIF 
NC34SDG013 0.05 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 13 ug/L 2240   9.43 %DIF 
NC34SDG013 0.05 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ug/L 0 ND  0  
NC34SDG013 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1770   -13.7 %DIF 
NC34SDG013 0.05 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ug/L 1940   -5.46 %DIF 
NC34SDG013 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1650   -17.5 %DIF 
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NC34SDG013 0.05 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ug/L 1930   -3.55 %DIF 
NC34SDG013 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1790   -13.2 %DIF 
NC34SDG013 0.05 mL 209 - Decachlorobiphenyl 100 11 ug/L 1990   -3.49 %DIF 
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CSC81SDG001 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 0 ND 
CSC81SDG001 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 
CSC81SDG001 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 0 ND 
CSC81SDG001 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 
CSC81SDG001 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 
CSC81SDG001 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 0 ND 
CSC81SDG001 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 
CSC81SDG001 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 0 ND 
CSC81SDG001 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 
CSC81SDG001 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 0 ND 
CSC81SDG001 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 
CSC81SDG001 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
CSC81SDG001 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 
CSC81SDG001 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 
CSC81SDG001 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
CSC81SDG001 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 0 ND 
CSC81SDG001 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
CSC81SDG001 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 0 ND 
CSC81SDG001 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 
CSC81SDG001 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
CSC81SDG001 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 
CSC81SDG001 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
CSC81SDG001 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 
CSC81SDG001 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
CSC81SDG001 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 
CSC81SDG001 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 
CSC81SDG001 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
CSC81SDG001 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 
CSC81SDG001 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 
CSC81SDG001 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 0 ND 
CSC81SDG001 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 0 ND 
CSC81SDG002 1  8 - 2,4'-Dichlorobiphenyl 100 7.4 ng 0 ND 
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CSC81SDG002 1  18 - 2,2',5-Trichlorobiphenyl 100 8.6 ng 0 ND 
CSC81SDG002 1  28 - 2,4,4'-Trichlorobiphenyl 100 9.1 ng 0 ND 
CSC81SDG002 1  44 - 2,2',3,5'-Tetrachlorobiphenyl 100 7.4 ng 0 ND 
CSC81SDG002 1  49 - 2,2',4,5'-Tetrachlorobiphenyl 100 20 ng 0 ND 
CSC81SDG002 1  52 - 2,2',5,5'-Tetrachlorobiphenyl 100 9.4 ng 0 ND 
CSC81SDG002 1  66 - 2,3',4,4'-Tetrachlorobiphenyl 100 11 ng 0 ND 
CSC81SDG002 1  77 - 3,3',4,4'-Tetrachlorobiphenyl 100 14 ng 0 ND 
CSC81SDG002 1  87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 20 ng 0 ND 
CSC81SDG002 1  101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 8.1 ng 0 ND 
CSC81SDG002 1  105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 13 ng 0 ND 
CSC81SDG002 1  114 - 2,3,4,4',5-Pentachlorobiphenyl 100 20 ng 0 ND 
CSC81SDG002 1  118 - 2,3',4,4',5-Pentachlorobiphenyl 100 20 ng 0 ND 
CSC81SDG002 1  123 - 2',3,4,4',5-Pentachlorobiphenyl 100 20 ng 0 ND 
CSC81SDG002 1  126 - 3,3',4,4',5-Pentachlorobiphenyl 100 29 ng 0 ND 
CSC81SDG002 1  128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 14 ng 0 ND 
CSC81SDG002 1  138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 19 ng 0 ND 
CSC81SDG002 1  153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 100 15 ng 0 ND 
CSC81SDG002 1  156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 20 ng 0 ND 
CSC81SDG002 1  157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 100 20 ng 0 ND 
CSC81SDG002 1  167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 20 ng 0 ND 
CSC81SDG002 1  169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 20 ng 0 ND 
CSC81SDG002 1  170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 100 9 ng 0 ND 
CSC81SDG002 1  180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 100 19 ng 0 ND 
CSC81SDG002 1  183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 20 ng 0 ND 
CSC81SDG002 1  184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 20 ng 0 ND 
CSC81SDG002 1  187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 100 8.6 ng 0 ND 
CSC81SDG002 1  189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 20 ng 0 ND 
CSC81SDG002 1  195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 13 ng 0 ND 
CSC81SDG002 1  206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 22 ng 0 ND 
CSC81SDG002 1  209 - Decachlorobiphenyl 100 15 ng 0 ND 
CSC81SDG004 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 0 ND 
CSC81SDG004 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 
CSC81SDG004 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 0 ND 
CSC81SDG004 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 
CSC81SDG004 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 
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CSC81SDG004 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 0 ND 
CSC81SDG004 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 
CSC81SDG004 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 0 ND 
CSC81SDG004 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 
CSC81SDG004 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 0 ND 
CSC81SDG004 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 
CSC81SDG004 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
CSC81SDG004 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 
CSC81SDG004 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 
CSC81SDG004 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
CSC81SDG004 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 0 ND 
CSC81SDG004 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
CSC81SDG004 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 0 ND 
CSC81SDG004 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 
CSC81SDG004 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
CSC81SDG004 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 
CSC81SDG004 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
CSC81SDG004 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 
CSC81SDG004 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
CSC81SDG004 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 
CSC81SDG004 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 
CSC81SDG004 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
CSC81SDG004 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 
CSC81SDG004 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 
CSC81SDG004 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 0 ND 
CSC81SDG004 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 0 ND 
CSC81SDG005 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
CSC81SDG005 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
CSC81SDG005 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
CSC81SDG005 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
CSC81SDG005 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
CSC81SDG005 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
CSC81SDG005 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
CSC81SDG005 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
CSC81SDG005 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
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CSC81SDG005 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
CSC81SDG005 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
CSC81SDG005 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
CSC81SDG005 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
CSC81SDG005 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
CSC81SDG005 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
CSC81SDG005 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
CSC81SDG005 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
CSC81SDG005 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
CSC81SDG005 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
CSC81SDG005 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
CSC81SDG005 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
CSC81SDG005 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
CSC81SDG005 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
CSC81SDG005 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
CSC81SDG005 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
CSC81SDG005 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
CSC81SDG005 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
CSC81SDG005 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
CSC81SDG005 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
CSC81SDG005 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
CSC81SDG005 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
CSC81SDG006 1 L 8 - 2,4'-Dichlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0 ng/L 0 ND 
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CSC81SDG006 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG006 1 L 209 - Decachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG007 0.05 L 8 - 2,4'-Dichlorobiphenyl 100 8.4 ng/L 0 ND 
CSC81SDG007 1  8 - 2,4'-Dichlorobiphenyl 10 2.4 ng 0 ND 
CSC81SDG007 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
CSC81SDG007 0.05 L 18 - 2,2',5-Trichlorobiphenyl 100 13 ng/L 0 ND 
CSC81SDG007 1  18 - 2,2',5-Trichlorobiphenyl 10 2.9 ng 0 ND 
CSC81SDG007 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
CSC81SDG007 0.05 L 28 - 2,4,4'-Trichlorobiphenyl 200 10 ng/L 0 ND 
CSC81SDG007 1  28 - 2,4,4'-Trichlorobiphenyl 20 3 ng 0 ND 
CSC81SDG007 1 L 28 - 2,4,4'-Trichlorobiphenyl 10 0.53 ng/L 0 ND 
CSC81SDG007 0.05 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 100 13 ng/L 0 ND 
CSC81SDG007 1  44 - 2,2',3,5'-Tetrachlorobiphenyl 10 2.5 ng 0 ND 
CSC81SDG007 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
CSC81SDG007 0.05 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 100 15 ng/L 0 ND 
CSC81SDG007 1  49 - 2,2',4,5'-Tetrachlorobiphenyl 10 6.7 ng 0 ND 
CSC81SDG007 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
CSC81SDG007 0.05 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 200 5.9 ng/L 0 ND 
CSC81SDG007 1  52 - 2,2',5,5'-Tetrachlorobiphenyl 20 3.2 ng 0 ND 
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CSC81SDG007 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.29 ng/L 0 ND 
CSC81SDG007 0.05 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 100 13 ng/L 0 ND 
CSC81SDG007 1  66 - 2,3',4,4'-Tetrachlorobiphenyl 10 3.6 ng 0 ND 
CSC81SDG007 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
CSC81SDG007 0.05 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 100 11 ng/L 0 ND 
CSC81SDG007 1  77 - 3,3',4,4'-Tetrachlorobiphenyl 10 4.6 ng 0 ND 
CSC81SDG007 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
CSC81SDG007 0.05 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 100 15 ng/L 0 ND 
CSC81SDG007 1  87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 6.7 ng 0 ND 
CSC81SDG007 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
CSC81SDG007 0.05 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 100 7.2 ng/L 0 ND 
CSC81SDG007 1  101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 2.7 ng 0 ND 
CSC81SDG007 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
CSC81SDG007 0.05 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 100 8.1 ng/L 0 ND 
CSC81SDG007 1  105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 4.4 ng 0 ND 
CSC81SDG007 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
CSC81SDG007 0.05 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 100 14 ng/L 0 ND 
CSC81SDG007 1  114 - 2,3,4,4',5-Pentachlorobiphenyl 10 6.7 ng 0 ND 
CSC81SDG007 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
CSC81SDG007 0.05 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 100 13 ng/L 0 ND 
CSC81SDG007 1  118 - 2,3',4,4',5-Pentachlorobiphenyl 10 6.7 ng 0 ND 
CSC81SDG007 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
CSC81SDG007 0.05 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 100 15 ng/L 0 ND 
CSC81SDG007 1  123 - 2',3,4,4',5-Pentachlorobiphenyl 10 6.7 ng 0 ND 
CSC81SDG007 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
CSC81SDG007 0.05 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 100 13 ng/L 0 ND 
CSC81SDG007 1  126 - 3,3',4,4',5-Pentachlorobiphenyl 10 9.7 ng 0 ND 
CSC81SDG007 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
CSC81SDG007 0.05 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 100 5 ng/L 0 ND 
CSC81SDG007 1  128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 4.7 ng 0 ND 
CSC81SDG007 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
CSC81SDG007 0.05 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 100 11 ng/L 0 ND 
CSC81SDG007 1  138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 10 6.5 ng 0 ND 
CSC81SDG007 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
CSC81SDG007 0.05 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 300 5.4 ng/L 0 ND 
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CSC81SDG007 1  153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 30 5 ng 0 ND 
CSC81SDG007 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 15 0.27 ng/L 0 ND 
CSC81SDG007 0.05 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 100 12 ng/L 0 ND 
CSC81SDG007 1  156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 6.7 ng 0 ND 
CSC81SDG007 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
CSC81SDG007 0.05 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 200 12 ng/L 0 ND 
CSC81SDG007 1  157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 20 6.7 ng 0 ND 
CSC81SDG007 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 0.61 ng/L 0 ND 
CSC81SDG007 0.05 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 100 13 ng/L 0 ND 
CSC81SDG007 1  167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 6.7 ng 0 ND 
CSC81SDG007 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
CSC81SDG007 0.05 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 100 12 ng/L 0 ND 
CSC81SDG007 1  169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 6.7 ng 0 ND 
CSC81SDG007 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
CSC81SDG007 0.05 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 200 13 ng/L 0 ND 
CSC81SDG007 1  170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 20 3 ng 0 ND 
CSC81SDG007 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.64 ng/L 0 ND 
CSC81SDG007 0.05 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 200 13 ng/L 0 ND 
CSC81SDG007 1  180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 20 6.5 ng 0 ND 
CSC81SDG007 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 0.65 ng/L 0 ND 
CSC81SDG007 0.05 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 100 7.4 ng/L 0 ND 
CSC81SDG007 1  183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 6.7 ng 0 ND 
CSC81SDG007 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
CSC81SDG007 0.05 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 100 10 ng/L 0 ND 
CSC81SDG007 1  184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 6.7 ng 0 ND 
CSC81SDG007 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
CSC81SDG007 0.05 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 200 13 ng/L 0 ND 
CSC81SDG007 1  187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 20 2.8 ng 0 ND 
CSC81SDG007 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.65 ng/L 0 ND 
CSC81SDG007 0.05 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 100 14 ng/L 0 ND 
CSC81SDG007 1  189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 6.7 ng 0 ND 
CSC81SDG007 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
CSC81SDG007 0.05 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 100 12 ng/L 0 ND 
CSC81SDG007 1  195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 4.4 ng 0 ND 
CSC81SDG007 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
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CSC81SDG007 0.05 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 100 4.5 ng/L 0 ND 
CSC81SDG007 1  206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 7.4 ng 0 ND 
CSC81SDG007 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
CSC81SDG007 0.05 L 209 - Decachlorobiphenyl 100 11 ng/L 0 ND 
CSC81SDG007 1  209 - Decachlorobiphenyl 10 5.1 ng 0 ND 
CSC81SDG007 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
CSC81SDG008 1 L 8 - 2,4'-Dichlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 28 - 2,4,4'-Trichlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG008 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG008 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 15 0 ng/L 0 ND 
CSC81SDG008 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG008 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG008 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG008 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG008 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0 ng/L 0 ND 
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CSC81SDG008 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG008 1 L 209 - Decachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG009 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
CSC81SDG009 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
CSC81SDG009 1 L 28 - 2,4,4'-Trichlorobiphenyl 10 0.53 ng/L 0 ND 
CSC81SDG009 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
CSC81SDG009 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
CSC81SDG009 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.29 ng/L 0 ND 
CSC81SDG009 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
CSC81SDG009 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
CSC81SDG009 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
CSC81SDG009 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
CSC81SDG009 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
CSC81SDG009 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
CSC81SDG009 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
CSC81SDG009 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
CSC81SDG009 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
CSC81SDG009 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
CSC81SDG009 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
CSC81SDG009 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 15 0.27 ng/L 0 ND 
CSC81SDG009 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
CSC81SDG009 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 0.61 ng/L 0 ND 
CSC81SDG009 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
CSC81SDG009 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
CSC81SDG009 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.64 ng/L 0 ND 
CSC81SDG009 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 0.65 ng/L 0 ND 
CSC81SDG009 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
CSC81SDG009 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
CSC81SDG009 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.65 ng/L 0 ND 
CSC81SDG009 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
CSC81SDG009 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
CSC81SDG009 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
CSC81SDG009 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
CSC81SDG010 1 L 8 - 2,4'-Dichlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0 ng/L 0 ND 
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CSC81SDG010 1 L 28 - 2,4,4'-Trichlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG010 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG010 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 15 0 ng/L 0 ND 
CSC81SDG010 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG010 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG010 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG010 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG010 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG010 1 L 209 - Decachlorobiphenyl 5 0 ng/L 0 ND 
CSC81SDG011 1 L 8 - 2,4'-Dichlorobiphenyl 10 0.42 ng/L 0 ND 
CSC81SDG011 1 L 18 - 2,2',5-Trichlorobiphenyl 10 0.64 ng/L 0 ND 
CSC81SDG011 1 L 28 - 2,4,4'-Trichlorobiphenyl 20 0.53 ng/L 0 ND 
CSC81SDG011 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.67 ng/L 0 ND 
CSC81SDG011 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 10 0.75 ng/L 0 ND 
CSC81SDG011 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 20 0.29 ng/L 0 ND 
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CSC81SDG011 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 10 0.64 ng/L 0 ND 
CSC81SDG011 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 10 0.56 ng/L 0 ND 
CSC81SDG011 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 0.77 ng/L 0 ND 
CSC81SDG011 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.36 ng/L 0 ND 
CSC81SDG011 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 0.41 ng/L 0 ND 
CSC81SDG011 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 10 0.68 ng/L 0 ND 
CSC81SDG011 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 10 0.66 ng/L 0 ND 
CSC81SDG011 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 10 0.77 ng/L 0 ND 
CSC81SDG011 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 10 0.67 ng/L 0 ND 
CSC81SDG011 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 0.25 ng/L 0 ND 
CSC81SDG011 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 10 0.55 ng/L 0 ND 
CSC81SDG011 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 30 0.27 ng/L 0 ND 
CSC81SDG011 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 0.62 ng/L 0 ND 
CSC81SDG011 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 20 0.61 ng/L 0 ND 
CSC81SDG011 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 0.64 ng/L 0 ND 
CSC81SDG011 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 0.59 ng/L 0 ND 
CSC81SDG011 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 20 0.64 ng/L 0 ND 
CSC81SDG011 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 20 0.65 ng/L 0 ND 
CSC81SDG011 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 0.37 ng/L 0 ND 
CSC81SDG011 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 0.5 ng/L 0 ND 
CSC81SDG011 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 20 0.65 ng/L 0 ND 
CSC81SDG011 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 0.71 ng/L 0 ND 
CSC81SDG011 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 0.58 ng/L 0 ND 
CSC81SDG011 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 0.23 ng/L 0 ND 
CSC81SDG011 1 L 209 - Decachlorobiphenyl 10 0.57 ng/L 0 ND 
CSC81SDG012 1 L 8 - 2,4'-Dichlorobiphenyl 10 0.42 ng/L 0 ND 
CSC81SDG012 1 L 18 - 2,2',5-Trichlorobiphenyl 10 0.64 ng/L 0 ND 
CSC81SDG012 1 L 28 - 2,4,4'-Trichlorobiphenyl 20 0.53 ng/L 0 ND 
CSC81SDG012 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.67 ng/L 0 ND 
CSC81SDG012 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 10 0.75 ng/L 0 ND 
CSC81SDG012 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 20 0.29 ng/L 0 ND 
CSC81SDG012 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 10 0.64 ng/L 0 ND 
CSC81SDG012 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 10 0.56 ng/L 0 ND 
CSC81SDG012 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 0.77 ng/L 0 ND 
CSC81SDG012 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.36 ng/L 0 ND 
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CSC81SDG012 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 0.41 ng/L 0 ND 
CSC81SDG012 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 10 0.68 ng/L 0 ND 
CSC81SDG012 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 10 0.66 ng/L 0 ND 
CSC81SDG012 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 20 0.77 ng/L 0 ND 
CSC81SDG012 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 10 0.67 ng/L 0 ND 
CSC81SDG012 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 0.25 ng/L 0 ND 
CSC81SDG012 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 20 0.55 ng/L 0 ND 
CSC81SDG012 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 30 0.27 ng/L 0 ND 
CSC81SDG012 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 0.62 ng/L 0 ND 
CSC81SDG012 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 20 0.61 ng/L 0 ND 
CSC81SDG012 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 0.64 ng/L 0 ND 
CSC81SDG012 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 0.59 ng/L 0 ND 
CSC81SDG012 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 20 0.64 ng/L 0 ND 
CSC81SDG012 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 20 0.65 ng/L 0 ND 
CSC81SDG012 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 0.37 ng/L 0 ND 
CSC81SDG012 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 0.5 ng/L 0 ND 
CSC81SDG012 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 20 0.65 ng/L 0 ND 
CSC81SDG012 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 0.71 ng/L 0 ND 
CSC81SDG012 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 0.58 ng/L 0 ND 
CSC81SDG012 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 0.23 ng/L 0 ND 
CSC81SDG012 1 L 209 - Decachlorobiphenyl 10 0.57 ng/L 0 ND 
CSC81SDG013 1  8 - 2,4'-Dichlorobiphenyl 20 0.74 ng 0 ND 
CSC81SDG013 1  18 - 2,2',5-Trichlorobiphenyl 20 0.86 ng 0 ND 
CSC81SDG013 1  28 - 2,4,4'-Trichlorobiphenyl 40 0.91 ng 0 ND 
CSC81SDG013 1  44 - 2,2',3,5'-Tetrachlorobiphenyl 20 0.74 ng 0 ND 
CSC81SDG013 1  49 - 2,2',4,5'-Tetrachlorobiphenyl 20 2 ng 0 ND 
CSC81SDG013 1  52 - 2,2',5,5'-Tetrachlorobiphenyl 40 0.95 ng 0 ND 
CSC81SDG013 1  66 - 2,3',4,4'-Tetrachlorobiphenyl 20 1.1 ng 0 ND 
CSC81SDG013 1  77 - 3,3',4,4'-Tetrachlorobiphenyl 20 1.4 ng 0 ND 
CSC81SDG013 1  87 - 2,2',3,4,5'-Pentachlorobiphenyl 20 2 ng 0 ND 
CSC81SDG013 1  101 - 2,2',4,5,5'-Pentachlorobiphenyl 20 0.81 ng 0 ND 
CSC81SDG013 1  105 - 2,3,3',4,4'-Pentachlorobiphenyl 20 1.3 ng 0 ND 
CSC81SDG013 1  114 - 2,3,4,4',5-Pentachlorobiphenyl 20 2 ng 0 ND 
CSC81SDG013 1  118 - 2,3',4,4',5-Pentachlorobiphenyl 20 2 ng 0 ND 
CSC81SDG013 1  123 - 2',3,4,4',5-Pentachlorobiphenyl 40 2 ng 0 ND 
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CSC81SDG013 1  126 - 3,3',4,4',5-Pentachlorobiphenyl 20 2.9 ng 0 ND 
CSC81SDG013 1  128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 20 1.4 ng 0 ND 
CSC81SDG013 1  138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 40 1.9 ng 0 ND 
CSC81SDG013 1  153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 60 1.5 ng 0 ND 
CSC81SDG013 1  156 - 2,3,3',4,4',5-Hexachlorobiphenyl 20 2 ng 0 ND 
CSC81SDG013 1  157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 40 2 ng 0 ND 
CSC81SDG013 1  167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 20 2 ng 0 ND 
CSC81SDG013 1  169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 20 2 ng 0 ND 
CSC81SDG013 1  170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 40 0.9 ng 0 ND 
CSC81SDG013 1  180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 40 1.9 ng 0 ND 
CSC81SDG013 1  183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 20 2 ng 0 ND 
CSC81SDG013 1  184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 20 2 ng 0 ND 
CSC81SDG013 1  187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 40 0.86 ng 0 ND 
CSC81SDG013 1  189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 20 2 ng 0 ND 
CSC81SDG013 1  195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 20 1.3 ng 0 ND 
CSC81SDG013 1  206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 20 2.2 ng 0 ND 
CSC81SDG013 1  209 - Decachlorobiphenyl 20 1.5 ng 0 ND 
CSC81SDG014 1 L 8 - 2,4'-Dichlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 18 - 2,2',5-Trichlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 28 - 2,4,4'-Trichlorobiphenyl 20 0 ng/L 0 ND 
CSC81SDG014 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 20 0 ng/L 0 ND 
CSC81SDG014 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 20 0 ng/L 0 ND 
CSC81SDG014 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 20 0 ng/L 0 ND 
CSC81SDG014 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 30 0 ng/L 0 ND 
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CSC81SDG014 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 20 0 ng/L 0 ND 
CSC81SDG014 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 20 0 ng/L 0 ND 
CSC81SDG014 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 20 0 ng/L 0 ND 
CSC81SDG014 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 20 0 ng/L 0 ND 
CSC81SDG014 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 0 ng/L 0 ND 
CSC81SDG014 1 L 209 - Decachlorobiphenyl 10 0 ng/L 0 ND 
NC22SDG001 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG001 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG001 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG001 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG001 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG001 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG001 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG001 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG001 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG001 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG001 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG001 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG001 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG001 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG001 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG001 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG001 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG001 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG001 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG001 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG001 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG001 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
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NC22SDG001 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG001 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG001 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG001 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG001 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG001 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG001 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG001 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG001 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG002 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG002 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG002 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG002 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG002 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG002 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG002 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG002 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG002 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG002 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG002 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG002 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG002 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG002 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG002 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG002 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG002 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG002 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG002 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG002 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG002 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG002 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG002 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG002 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG002 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG002 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
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NC22SDG002 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG002 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG002 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG002 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG002 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG003 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG003 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG003 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG003 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG003 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG003 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG003 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG003 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG003 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG003 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG003 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG003 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG003 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG003 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG003 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG003 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG003 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG003 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG003 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG003 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG003 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG003 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG003 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG003 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG003 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG003 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG003 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG003 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG003 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG003 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
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NC22SDG003 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG004 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG004 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG004 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG004 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG004 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG004 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG004 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG004 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG004 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG004 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG004 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG004 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG004 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG004 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG004 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG004 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG004 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG004 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG004 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG004 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG004 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG004 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG004 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG004 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG004 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG004 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0.67 J 
NC22SDG004 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG004 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG004 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG004 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG004 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG005 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG005 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG005 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0.28 J 
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NC22SDG005 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG005 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0.6 J 
NC22SDG005 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG005 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG005 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG005 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG005 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG005 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG005 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG005 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG005 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG005 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG005 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG005 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG005 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG005 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG005 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG005 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG005 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG005 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG005 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG005 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG005 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG005 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG005 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG005 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG005 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG005 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG006 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG006 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG006 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG006 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG006 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG006 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG006 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 











 



 
 



C-396



Sample Delivery Group Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier 



NC22SDG006 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG006 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG006 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG006 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG006 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG006 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG006 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG006 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG006 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG006 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG006 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG006 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG006 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG006 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG006 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG006 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG006 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG006 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG006 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG006 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG006 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG006 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG006 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG006 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG007 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG007 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG007 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG007 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG007 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG007 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG007 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG007 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG007 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG007 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG007 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 











 



 
 



C-397



Sample Delivery Group Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier 



NC22SDG007 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG007 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG007 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG007 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG007 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG007 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG007 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG007 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG007 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG007 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG007 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG007 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG007 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG007 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG007 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG007 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG007 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG007 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG007 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG007 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG008 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG008 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG008 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG008 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG008 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG008 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG008 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG008 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG008 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG008 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG008 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG008 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG008 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG008 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG008 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
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NC22SDG008 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG008 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG008 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG008 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG008 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG008 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG008 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG008 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG008 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG008 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG008 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG008 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG008 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG008 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG008 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG008 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG009 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG009 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG009 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG009 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG009 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG009 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG009 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG009 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG009 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG009 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG009 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG009 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG009 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG009 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG009 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG009 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG009 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG009 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG009 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
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NC22SDG009 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG009 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG009 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG009 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG009 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG009 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG009 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG009 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG009 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG009 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG009 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG009 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG010 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG010 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG010 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG010 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG010 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG010 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG010 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG010 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG010 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG010 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG010 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG010 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG010 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG010 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG010 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG010 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG010 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG010 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG010 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG010 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG010 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG010 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG010 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
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NC22SDG010 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG010 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG010 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG010 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG010 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG010 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG010 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG010 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG011 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG011 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG011 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG011 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG011 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG011 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG011 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG011 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG011 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG011 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG011 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG011 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG011 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG011 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG011 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG011 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG011 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG011 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG011 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG011 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG011 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG011 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG011 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG011 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG011 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG011 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG011 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
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NC22SDG011 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG011 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG011 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG011 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG012 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG012 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG012 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG012 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG012 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG012 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG012 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG012 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG012 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG012 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG012 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG012 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG012 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG012 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG012 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG012 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG012 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG012 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG012 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG012 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG012 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG012 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG012 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG012 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG012 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG012 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG012 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG012 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG012 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG012 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG012 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 











 



 
 



C-402



Sample Delivery Group Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier 



NC22SDG013 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG013 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG013 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG013 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG013 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG013 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG013 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG013 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG013 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG013 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG013 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG013 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG013 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG013 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG013 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG013 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG013 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG013 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG013 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG013 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG013 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG013 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG013 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG013 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG013 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG013 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG013 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG013 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG013 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG013 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG013 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG014 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG014 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG014 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG014 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
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NC22SDG014 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG014 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG014 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG014 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG014 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG014 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG014 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG014 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG014 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG014 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG014 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG014 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG014 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG014 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG014 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG014 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG014 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG014 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG014 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG014 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG014 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG014 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG014 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG014 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG014 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG014 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG014 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG015 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG015 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG015 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG015 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG015 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG015 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG015 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG015 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
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Sample Delivery Group Sample 
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NC22SDG015 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG015 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG015 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG015 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG015 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG015 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG015 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG015 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG015 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG015 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG015 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG015 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG015 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG015 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG015 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG015 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG015 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG015 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG015 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG015 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG015 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG015 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG015 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG016 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG016 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG016 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG016 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG016 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG016 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG016 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG016 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG016 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG016 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG016 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG016 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
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NC22SDG016 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG016 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG016 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG016 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG016 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG016 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG016 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG016 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG016 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG016 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG016 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG016 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG016 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG016 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG016 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG016 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG016 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG016 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG016 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG017 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG017 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG017 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG017 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG017 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG017 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG017 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG017 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG017 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG017 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG017 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG017 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG017 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG017 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG017 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG017 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
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NC22SDG017 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG017 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG017 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG017 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG017 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG017 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG017 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG017 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG017 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG017 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG017 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG017 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG017 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG017 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG017 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG018 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG018 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG018 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG018 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG018 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG018 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG018 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG018 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG018 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG018 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG018 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG018 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG018 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG018 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG018 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG018 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG018 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG018 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG018 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG018 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
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NC22SDG018 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG018 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG018 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG018 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG018 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG018 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG018 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG018 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG018 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG018 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG018 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG019 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG019 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG019 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG019 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG019 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG019 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG019 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG019 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG019 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG019 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG019 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG019 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG019 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG019 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG019 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG019 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG019 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG019 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG019 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG019 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG019 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG019 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG019 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG019 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
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NC22SDG019 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG019 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG019 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG019 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG019 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG019 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG019 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG020 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.84 ng/L 0 ND 
NC22SDG020 1 L 18 - 2,2',5-Trichlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG020 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 1 ng/L 0 ND 
NC22SDG020 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG020 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 1.5 ng/L 0 ND 
NC22SDG020 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.59 ng/L 0 ND 
NC22SDG020 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG020 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 1.1 ng/L 0 ND 
NC22SDG020 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 
NC22SDG020 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.72 ng/L 0 ND 
NC22SDG020 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.81 ng/L 0 ND 
NC22SDG020 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 1.4 ng/L 0 ND 
NC22SDG020 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG020 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 
NC22SDG020 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG020 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.5 ng/L 0 ND 
NC22SDG020 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 1.1 ng/L 0 ND 
NC22SDG020 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.54 ng/L 0 ND 
NC22SDG020 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 
NC22SDG020 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 
NC22SDG020 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG020 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 
NC22SDG020 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG020 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG020 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.74 ng/L 0 ND 
NC22SDG020 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 1 ng/L 0 ND 
NC22SDG020 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG020 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 1.4 ng/L 0 ND 
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NC22SDG020 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 1.2 ng/L 0 ND 
NC22SDG020 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.45 ng/L 0 ND 
NC22SDG020 1 L 209 - Decachlorobiphenyl 5 1.1 ng/L 0 ND 
NC22SDG021 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG021 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG021 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG021 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG021 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG021 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG021 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG021 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG021 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG021 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG021 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG021 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG021 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG021 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG021 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG021 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG021 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG021 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG021 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG021 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG021 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG021 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG021 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG021 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG021 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG021 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG021 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG021 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG021 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG021 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG021 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG022 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
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NC22SDG022 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG022 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG022 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG022 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG022 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG022 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG022 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG022 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG022 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG022 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG022 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG022 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG022 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG022 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG022 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG022 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG022 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG022 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG022 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG022 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG022 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG022 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG022 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG022 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG022 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG022 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG022 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG022 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG022 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG022 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG023 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG023 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG023 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG023 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG023 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
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NC22SDG023 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG023 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG023 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG023 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG023 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG023 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG023 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG023 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG023 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG023 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG023 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG023 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG023 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG023 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG023 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG023 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG023 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG023 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG023 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG023 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG023 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG023 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG023 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG023 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG023 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG023 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG024 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0.33 J 
NC22SDG024 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG024 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG024 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG024 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG024 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG024 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG024 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG024 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
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NC22SDG024 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG024 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG024 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG024 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG024 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG024 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG024 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG024 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG024 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG024 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG024 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG024 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG024 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG024 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG024 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG024 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG024 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG024 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG024 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG024 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG024 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG024 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG025 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG025 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG025 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC22SDG025 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG025 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG025 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG025 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG025 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG025 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG025 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG025 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG025 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG025 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
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NC22SDG025 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG025 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG025 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG025 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG025 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG025 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG025 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG025 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG025 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG025 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG025 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG025 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG025 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG025 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG025 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG025 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG025 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG025 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC22SDG026 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.84 ng/L 0 ND 
NC22SDG026 1 L 18 - 2,2',5-Trichlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG026 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 1 ng/L 0 ND 
NC22SDG026 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG026 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 1.5 ng/L 0 ND 
NC22SDG026 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.59 ng/L 0 ND 
NC22SDG026 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG026 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 1.1 ng/L 0 ND 
NC22SDG026 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 
NC22SDG026 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.72 ng/L 0 ND 
NC22SDG026 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.81 ng/L 0 ND 
NC22SDG026 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 1.4 ng/L 0 ND 
NC22SDG026 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG026 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 1.5 ng/L 0 ND 
NC22SDG026 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG026 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.5 ng/L 0 ND 
NC22SDG026 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 1.1 ng/L 0 ND 











 



 
 



C-414



Sample Delivery Group Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier 



NC22SDG026 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.54 ng/L 0 ND 
NC22SDG026 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 
NC22SDG026 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 
NC22SDG026 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG026 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 1.2 ng/L 0 ND 
NC22SDG026 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG026 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG026 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.74 ng/L 0 ND 
NC22SDG026 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 1 ng/L 0 ND 
NC22SDG026 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 1.3 ng/L 0 ND 
NC22SDG026 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 1.4 ng/L 0 ND 
NC22SDG026 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 1.2 ng/L 0 ND 
NC22SDG026 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.45 ng/L 0 ND 
NC22SDG026 1 L 209 - Decachlorobiphenyl 5 1.1 ng/L 0 ND 
NC22SDG050 0.25 g 8 - 2,4'-Dichlorobiphenyl 160 12 ug/Kg 0 ND 
NC22SDG050 0.25 g 18 - 2,2',5-Trichlorobiphenyl 160 14 ug/Kg 0 ND 
NC22SDG050 0.25 g 28 - 2,4,4'-Trichlorobiphenyl 160 14 ug/Kg 0 ND 
NC22SDG050 0.25 g 44 - 2,2',3,5'-Tetrachlorobiphenyl 160 12 ug/Kg 0 ND 
NC22SDG050 0.25 g 49 - 2,2',4,5'-Tetrachlorobiphenyl 160 32 ug/Kg 0 ND 
NC22SDG050 0.25 g 52 - 2,2',5,5'-Tetrachlorobiphenyl 160 15 ug/Kg 0 ND 
NC22SDG050 0.25 g 66 - 2,3',4,4'-Tetrachlorobiphenyl 160 17 ug/Kg 0 ND 
NC22SDG050 0.25 g 77 - 3,3',4,4'-Tetrachlorobiphenyl 160 22 ug/Kg 0 ND 
NC22SDG050 0.25 g 87 - 2,2',3,4,5'-Pentachlorobiphenyl 160 32 ug/Kg 0 ND 
NC22SDG050 0.25 g 101 - 2,2',4,5,5'-Pentachlorobiphenyl 160 13 ug/Kg 0 ND 
NC22SDG050 0.25 g 105 - 2,3,3',4,4'-Pentachlorobiphenyl 160 21 ug/Kg 0 ND 
NC22SDG050 0.25 g 114 - 2,3,4,4',5-Pentachlorobiphenyl 160 32 ug/Kg 0 ND 
NC22SDG050 0.25 g 118 - 2,3',4,4',5-Pentachlorobiphenyl 160 32 ug/Kg 0 ND 
NC22SDG050 0.25 g 123 - 2',3,4,4',5-Pentachlorobiphenyl 160 32 ug/Kg 0 ND 
NC22SDG050 0.25 g 126 - 3,3',4,4',5-Pentachlorobiphenyl 160 47 ug/Kg 0 ND 
NC22SDG050 0.25 g 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 160 22 ug/Kg 0 ND 
NC22SDG050 0.25 g 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 160 31 ug/Kg 0 ND 
NC22SDG050 0.25 g 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 160 24 ug/Kg 0 ND 
NC22SDG050 0.25 g 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 160 32 ug/Kg 0 ND 
NC22SDG050 0.25 g 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 160 32 ug/Kg 0 ND 
NC22SDG050 0.25 g 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 160 32 ug/Kg 0 ND 
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NC22SDG050 0.25 g 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 160 32 ug/Kg 0 ND 
NC22SDG050 0.25 g 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 160 14 ug/Kg 0 ND 
NC22SDG050 0.25 g 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 160 31 ug/Kg 0 ND 
NC22SDG050 0.25 g 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 160 32 ug/Kg 0 ND 
NC22SDG050 0.25 g 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 160 32 ug/Kg 0 ND 
NC22SDG050 0.25 g 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 160 14 ug/Kg 0 ND 
NC22SDG050 0.25 g 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 160 32 ug/Kg 0 ND 
NC22SDG050 0.25 g 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 160 21 ug/Kg 0 ND 
NC22SDG050 0.25 g 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 160 36 ug/Kg 230  
NC22SDG050 0.25 g 209 - Decachlorobiphenyl 160 25 ug/Kg 73 J 
NC22SDG052 1 mL 8 - 2,4'-Dichlorobiphenyl 5 0.84 ug/L 0 ND 
NC22SDG052 1 mL 18 - 2,2',5-Trichlorobiphenyl 5 1.3 ug/L 0 ND 
NC22SDG052 1 mL 28 - 2,4,4'-Trichlorobiphenyl 5 1 ug/L 0 ND 
NC22SDG052 1 mL 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 1.3 ug/L 0 ND 
NC22SDG052 1 mL 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 1.5 ug/L 0 ND 
NC22SDG052 1 mL 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.59 ug/L 0 ND 
NC22SDG052 1 mL 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 1.3 ug/L 0 ND 
NC22SDG052 1 mL 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 1.1 ug/L 0 ND 
NC22SDG052 1 mL 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 1.5 ug/L 0 ND 
NC22SDG052 1 mL 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.72 ug/L 0 ND 
NC22SDG052 1 mL 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.81 ug/L 0 ND 
NC22SDG052 1 mL 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 1.4 ug/L 0 ND 
NC22SDG052 1 mL 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 1.3 ug/L 0 ND 
NC22SDG052 1 mL 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 1.5 ug/L 0 ND 
NC22SDG052 1 mL 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 1.3 ug/L 0 ND 
NC22SDG052 1 mL 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.5 ug/L 0 ND 
NC22SDG052 1 mL 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 1.1 ug/L 0 ND 
NC22SDG052 1 mL 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.54 ug/L 0 ND 
NC22SDG052 1 mL 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 1.2 ug/L 0 ND 
NC22SDG052 1 mL 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 1.2 ug/L 0 ND 
NC22SDG052 1 mL 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 1.3 ug/L 0 ND 
NC22SDG052 1 mL 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 1.2 ug/L 0 ND 
NC22SDG052 1 mL 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 1.3 ug/L 0 ND 
NC22SDG052 1 mL 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 1.3 ug/L 0 ND 
NC22SDG052 1 mL 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.74 ug/L 0 ND 
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NC22SDG052 1 mL 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 1 ug/L 0 ND 
NC22SDG052 1 mL 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 1.3 ug/L 0 ND 
NC22SDG052 1 mL 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 1.4 ug/L 0 ND 
NC22SDG052 1 mL 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 1.2 ug/L 0 ND 
NC22SDG052 1 mL 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.45 ug/L 0 ND 
NC22SDG052 1 mL 209 - Decachlorobiphenyl 5 1.1 ug/L 0 ND 
NC22SDG053 0.25 g 8 - 2,4'-Dichlorobiphenyl 32 34 ug/Kg 0 ND 
NC22SDG053 0.25 g 18 - 2,2',5-Trichlorobiphenyl 32 70 ug/Kg 0 ND 
NC22SDG053 0.25 g 28 - 2,4,4'-Trichlorobiphenyl 32 48 ug/Kg 2 J 
NC22SDG053 0.25 g 44 - 2,2',3,5'-Tetrachlorobiphenyl 32 24 ug/Kg 7.8 J 
NC22SDG053 0.25 g 49 - 2,2',4,5'-Tetrachlorobiphenyl 32 53 ug/Kg 18 J 
NC22SDG053 0.25 g 52 - 2,2',5,5'-Tetrachlorobiphenyl 32 21 ug/Kg 18 J 
NC22SDG053 0.25 g 66 - 2,3',4,4'-Tetrachlorobiphenyl 32 26 ug/Kg 28 J 
NC22SDG053 0.25 g 77 - 3,3',4,4'-Tetrachlorobiphenyl 32 38 ug/Kg 0 ND 
NC22SDG053 0.25 g 87 - 2,2',3,4,5'-Pentachlorobiphenyl 32 53 ug/Kg 18 J 
NC22SDG053 0.25 g 101 - 2,2',4,5,5'-Pentachlorobiphenyl 32 19 ug/Kg 32  
NC22SDG053 0.25 g 105 - 2,3,3',4,4'-Pentachlorobiphenyl 32 22 ug/Kg 11 J 
NC22SDG053 0.25 g 118 - 2,3',4,4',5-Pentachlorobiphenyl 32 26 ug/Kg 29 J 
NC22SDG053 0.25 g 126 - 3,3',4,4',5-Pentachlorobiphenyl 32 59 ug/Kg 0 ND 
NC22SDG053 0.25 g 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 32 26 ug/Kg 5 J 
NC22SDG053 0.25 g 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 32 29 ug/Kg 45  
NC22SDG053 0.25 g 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 32 26 ug/Kg 46  
NC22SDG053 0.25 g 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 32 53 ug/Kg 0 ND 
NC22SDG053 0.25 g 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 32 53 ug/Kg 0 ND 
NC22SDG053 0.25 g 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 32 100 ug/Kg 2000  
NC22SDG053 0.25 g 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 32 29 ug/Kg 260  
NC22SDG053 0.25 g 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 32 53 ug/Kg 38  
NC22SDG053 0.25 g 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 32 53 ug/Kg 30 J 
NC22SDG053 0.25 g 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 32 45 ug/Kg 580  
NC22SDG053 0.25 g 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 32 21 ug/Kg 33  
NC22SDG053 0.25 g 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 32 18 ug/Kg 3700  
NC22SDG053 0.25 g 209 - Decachlorobiphenyl 32 21 ug/Kg 1200  
NC22SDG054 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC22SDG054 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG054 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
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NC22SDG054 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG054 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC22SDG054 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC22SDG054 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG054 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC22SDG054 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG054 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC22SDG054 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC22SDG054 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC22SDG054 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC22SDG054 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC22SDG054 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC22SDG054 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC22SDG054 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC22SDG054 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC22SDG054 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC22SDG054 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC22SDG054 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG054 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC22SDG054 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC22SDG054 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG054 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC22SDG054 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC22SDG054 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC22SDG054 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC22SDG054 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC22SDG054 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC22SDG054 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC28SDG001 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.42 ng/L 0 ND 
NC28SDG001 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC28SDG001 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.53 ng/L 0 ND 
NC28SDG001 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC28SDG001 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.75 ng/L 0 ND 
NC28SDG001 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC28SDG001 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.64 ng/L 0 ND 
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NC28SDG001 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.56 ng/L 0 ND 
NC28SDG001 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC28SDG001 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.36 ng/L 0 ND 
NC28SDG001 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.41 ng/L 0 ND 
NC28SDG001 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.68 ng/L 0 ND 
NC28SDG001 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.66 ng/L 0 ND 
NC28SDG001 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.77 ng/L 0 ND 
NC28SDG001 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.67 ng/L 0 ND 
NC28SDG001 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC28SDG001 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.55 ng/L 0 ND 
NC28SDG001 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC28SDG001 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.62 ng/L 0 ND 
NC28SDG001 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.61 ng/L 0 ND 
NC28SDG001 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC28SDG001 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.59 ng/L 0 ND 
NC28SDG001 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.64 ng/L 0 ND 
NC28SDG001 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC28SDG001 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC28SDG001 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.5 ng/L 0 ND 
NC28SDG001 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.65 ng/L 0 ND 
NC28SDG001 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.71 ng/L 0 ND 
NC28SDG001 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.58 ng/L 0 ND 
NC28SDG001 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.23 ng/L 0 ND 
NC28SDG001 1 L 209 - Decachlorobiphenyl 2.5 0.57 ng/L 0 ND 
NC28SDG002 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG002 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG002 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG002 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG002 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG002 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG002 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG002 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG002 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG002 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG002 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
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NC28SDG002 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG002 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG002 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG002 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG002 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG002 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG002 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG002 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG002 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG002 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG002 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG002 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG002 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG002 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG002 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG002 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG002 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG002 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG002 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG002 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG003 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG003 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG003 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG003 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG003 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG003 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG003 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG003 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG003 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG003 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG003 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG003 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG003 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG003 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG003 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 











 



 
 



C-420



Sample Delivery Group Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier 



NC28SDG003 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG003 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG003 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG003 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG003 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG003 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG003 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG003 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG003 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG003 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG003 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG003 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG003 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG003 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG003 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG003 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG004 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG004 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG004 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG004 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG004 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG004 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG004 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG004 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG004 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG004 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG004 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG004 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG004 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG004 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG004 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG004 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG004 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG004 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG004 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
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NC28SDG004 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG004 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG004 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG004 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG004 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG004 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG004 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG004 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG004 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG004 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG004 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG004 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG005 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG005 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG005 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG005 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG005 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG005 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG005 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG005 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG005 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG005 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG005 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG005 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG005 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG005 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG005 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG005 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG005 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG005 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG005 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG005 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG005 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG005 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG005 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
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NC28SDG005 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG005 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG005 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG005 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG005 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG005 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG005 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG005 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG006 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG006 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG006 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG006 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG006 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG006 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG006 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG006 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG006 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG006 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG006 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG006 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG006 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG006 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG006 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG006 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG006 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG006 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG006 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG006 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG006 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG006 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG006 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG006 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG006 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG006 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG006 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
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NC28SDG006 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG006 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG006 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG006 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG007 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG007 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG007 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG007 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG007 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG007 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG007 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG007 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG007 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG007 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG007 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG007 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG007 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG007 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG007 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG007 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG007 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG007 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG007 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG007 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG007 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG007 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG007 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG007 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG007 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG007 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG007 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG007 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG007 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG007 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG007 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
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NC28SDG008 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG008 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG008 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG008 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG008 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG008 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG008 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG008 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG008 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG008 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG008 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG008 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG008 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG008 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG008 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG008 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG008 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG008 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG008 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG008 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG008 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG008 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG008 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG008 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG008 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG008 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG008 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG008 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG008 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG008 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG008 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG009 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG009 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG009 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG009 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
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NC28SDG009 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG009 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG009 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG009 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG009 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG009 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG009 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG009 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG009 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG009 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG009 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG009 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG009 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG009 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG009 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG009 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG009 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG009 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG009 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG009 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG009 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG009 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG009 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG009 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG009 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG009 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG009 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG010 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG010 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG010 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG010 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG010 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG010 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG010 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG010 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
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NC28SDG010 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG010 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG010 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG010 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG010 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG010 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG010 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG010 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG010 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG010 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG010 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG010 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG010 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG010 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG010 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG010 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG010 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG010 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG010 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG010 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG010 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG010 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG010 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG011 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG011 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG011 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG011 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG011 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG011 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG011 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG011 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG011 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG011 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG011 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG011 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
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NC28SDG011 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG011 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG011 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG011 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG011 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG011 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG011 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG011 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG011 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG011 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG011 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG011 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG011 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG011 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG011 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG011 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG011 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG011 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG011 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG012 0.25 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 0 ND 
NC28SDG012 0.25 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG012 0.25 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 0 ND 
NC28SDG012 0.25 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG012 0.25 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC28SDG012 0.25 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 0 ND 
NC28SDG012 0.25 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG012 0.25 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG012 0.25 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 
NC28SDG012 0.25 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG012 0.25 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 
NC28SDG012 0.25 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG012 0.25 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG012 0.25 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 
NC28SDG012 0.25 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG012 0.25 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 0 ND 
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NC28SDG012 0.25 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC28SDG012 0.25 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 0 ND 
NC28SDG012 0.25 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 
NC28SDG012 0.25 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG012 0.25 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG012 0.25 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG012 0.25 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG012 0.25 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG012 0.25 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG012 0.25 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC28SDG012 0.25 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG012 0.25 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 
NC28SDG012 0.25 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC28SDG012 0.25 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 0 ND 
NC28SDG012 0.25 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG013 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 0 ND 
NC28SDG013 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG013 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 0 ND 
NC28SDG013 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG013 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC28SDG013 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 0 ND 
NC28SDG013 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG013 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG013 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 
NC28SDG013 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG013 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 
NC28SDG013 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG013 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG013 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 
NC28SDG013 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG013 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 0 ND 
NC28SDG013 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC28SDG013 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 0 ND 
NC28SDG013 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 
NC28SDG013 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
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NC28SDG013 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG013 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG013 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG013 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG013 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG013 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC28SDG013 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG013 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 
NC28SDG013 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC28SDG013 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 0 ND 
NC28SDG013 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG014 0.25 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 0 ND 
NC28SDG014 0.25 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG014 0.25 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 0 ND 
NC28SDG014 0.25 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG014 0.25 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC28SDG014 0.25 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 0 ND 
NC28SDG014 0.25 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG014 0.25 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG014 0.25 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 
NC28SDG014 0.25 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG014 0.25 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 
NC28SDG014 0.25 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG014 0.25 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG014 0.25 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 
NC28SDG014 0.25 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG014 0.25 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 0 ND 
NC28SDG014 0.25 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC28SDG014 0.25 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 0 ND 
NC28SDG014 0.25 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 
NC28SDG014 0.25 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG014 0.25 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG014 0.25 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG014 0.25 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG014 0.25 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
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NC28SDG014 0.25 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG014 0.25 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC28SDG014 0.25 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG014 0.25 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 
NC28SDG014 0.25 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC28SDG014 0.25 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 0 ND 
NC28SDG014 0.25 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG015 0.25 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG015 0.25 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG015 0.25 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG015 0.25 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG015 0.25 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG015 0.25 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG015 0.25 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG015 0.25 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG015 0.25 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG015 0.25 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG015 0.25 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG015 0.25 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG015 0.25 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG015 0.25 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG015 0.25 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG015 0.25 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG015 0.25 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG015 0.25 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG015 0.25 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG015 0.25 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG015 0.25 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG015 0.25 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG015 0.25 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG015 0.25 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG015 0.25 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG015 0.25 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG015 0.25 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG015 0.25 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
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NC28SDG015 0.25 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG015 0.25 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG015 0.25 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG016 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 0 ND 
NC28SDG016 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG016 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 0 ND 
NC28SDG016 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG016 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC28SDG016 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 0 ND 
NC28SDG016 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG016 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG016 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 
NC28SDG016 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG016 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 
NC28SDG016 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG016 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG016 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 
NC28SDG016 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG016 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 0 ND 
NC28SDG016 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC28SDG016 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 0 ND 
NC28SDG016 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 
NC28SDG016 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG016 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG016 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG016 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG016 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG016 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG016 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC28SDG016 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG016 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 
NC28SDG016 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC28SDG016 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 0 ND 
NC28SDG016 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG017 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 0 ND 
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NC28SDG017 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG017 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 0 ND 
NC28SDG017 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG017 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC28SDG017 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 0 ND 
NC28SDG017 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG017 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG017 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 
NC28SDG017 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG017 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 
NC28SDG017 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG017 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG017 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 
NC28SDG017 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG017 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 0 ND 
NC28SDG017 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC28SDG017 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 0 ND 
NC28SDG017 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 
NC28SDG017 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG017 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG017 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG017 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG017 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG017 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG017 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC28SDG017 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG017 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 
NC28SDG017 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC28SDG017 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 0 ND 
NC28SDG017 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG018 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG018 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG018 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG018 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG018 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
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NC28SDG018 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG018 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG018 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG018 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG018 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG018 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG018 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG018 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG018 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG018 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG018 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG018 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG018 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG018 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG018 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG018 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG018 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG018 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG018 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG018 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG018 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG018 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG018 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG018 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG018 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG018 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG019 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG019 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG019 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG019 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG019 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG019 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG019 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG019 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG019 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
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NC28SDG019 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG019 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG019 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG019 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG019 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG019 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG019 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG019 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG019 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG019 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG019 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG019 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG019 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG019 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG019 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG019 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG019 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG019 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG019 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG019 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG019 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG019 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG020 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 0 ND 
NC28SDG020 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG020 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 0 ND 
NC28SDG020 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG020 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC28SDG020 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 0 ND 
NC28SDG020 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG020 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG020 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 
NC28SDG020 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG020 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 
NC28SDG020 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG020 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 
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NC28SDG020 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 
NC28SDG020 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG020 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 0 ND 
NC28SDG020 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
NC28SDG020 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 0 ND 
NC28SDG020 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 
NC28SDG020 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG020 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG020 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG020 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG020 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG020 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG020 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC28SDG020 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG020 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 
NC28SDG020 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC28SDG020 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 0 ND 
NC28SDG020 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG021 1 L 8 - 2,4'-Dichlorobiphenyl 2.5 0.21 ng/L 0 ND 
NC28SDG021 1 L 18 - 2,2',5-Trichlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG021 1 L 28 - 2,4,4'-Trichlorobiphenyl 2.5 0.26 ng/L 0 ND 
NC28SDG021 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG021 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 2.5 0.37 ng/L 0 ND 
NC28SDG021 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 2.5 0.15 ng/L 0 ND 
NC28SDG021 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG021 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG021 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 2.5 0.38 ng/L 0 ND 
NC28SDG021 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG021 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 2.5 0.2 ng/L 0 ND 
NC28SDG021 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG021 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG021 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 2.5 0.39 ng/L 0 ND 
NC28SDG021 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 2.5 0.34 ng/L 0 ND 
NC28SDG021 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 2.5 0.12 ng/L 0 ND 
NC28SDG021 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 2.5 0.27 ng/L 0 ND 
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NC28SDG021 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 2.5 0.13 ng/L 0 ND 
NC28SDG021 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 2.5 0.31 ng/L 0 ND 
NC28SDG021 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG021 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG021 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 2.5 0.3 ng/L 0 ND 
NC28SDG021 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 2.5 0.32 ng/L 0 ND 
NC28SDG021 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG021 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 2.5 0.18 ng/L 0 ND 
NC28SDG021 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 2.5 0.25 ng/L 0 ND 
NC28SDG021 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 2.5 0.33 ng/L 0 ND 
NC28SDG021 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 2.5 0.35 ng/L 0 ND 
NC28SDG021 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 2.5 0.29 ng/L 0 ND 
NC28SDG021 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 2.5 0.11 ng/L 0 ND 
NC28SDG021 1 L 209 - Decachlorobiphenyl 2.5 0.28 ng/L 0 ND 
NC28SDG022 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG022 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG022 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG022 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG022 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG022 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG022 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG022 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG022 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG022 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG022 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG022 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG022 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG022 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG022 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG022 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG022 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG022 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG022 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG022 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG022 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
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NC28SDG022 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG022 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG022 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG022 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC28SDG022 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG022 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG022 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG022 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG022 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG022 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC28SDG023 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC28SDG023 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG023 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC28SDG023 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG023 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC28SDG023 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC28SDG023 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG023 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC28SDG023 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG023 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC28SDG023 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC28SDG023 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC28SDG023 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC28SDG023 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC28SDG023 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC28SDG023 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC28SDG023 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC28SDG023 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC28SDG023 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC28SDG023 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC28SDG023 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG023 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC28SDG023 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC28SDG023 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG023 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
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NC28SDG023 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC28SDG023 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC28SDG023 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC28SDG023 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC28SDG023 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC28SDG023 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC34SDG001 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC34SDG001 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG001 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC34SDG001 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG001 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC34SDG001 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC34SDG001 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG001 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC34SDG001 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG001 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC34SDG001 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC34SDG001 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC34SDG001 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC34SDG001 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG001 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG001 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC34SDG001 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC34SDG001 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC34SDG001 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC34SDG001 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC34SDG001 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG001 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC34SDG001 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG001 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG001 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC34SDG001 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC34SDG001 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG001 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC34SDG001 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
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NC34SDG001 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC34SDG001 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC34SDG002 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC34SDG002 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG002 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC34SDG002 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG002 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC34SDG002 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC34SDG002 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG002 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC34SDG002 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG002 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC34SDG002 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC34SDG002 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC34SDG002 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC34SDG002 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG002 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG002 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC34SDG002 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC34SDG002 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC34SDG002 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC34SDG002 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC34SDG002 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG002 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC34SDG002 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG002 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG002 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC34SDG002 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC34SDG002 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG002 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC34SDG002 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC34SDG002 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC34SDG002 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC34SDG003 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC34SDG003 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
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NC34SDG003 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC34SDG003 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG003 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC34SDG003 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC34SDG003 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG003 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC34SDG003 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG003 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC34SDG003 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC34SDG003 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC34SDG003 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC34SDG003 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG003 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG003 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC34SDG003 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC34SDG003 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC34SDG003 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC34SDG003 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC34SDG003 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG003 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC34SDG003 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG003 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG003 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC34SDG003 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC34SDG003 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG003 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC34SDG003 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC34SDG003 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC34SDG003 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC34SDG004 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC34SDG004 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG004 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC34SDG004 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG004 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC34SDG004 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
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NC34SDG004 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG004 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC34SDG004 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG004 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC34SDG004 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC34SDG004 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC34SDG004 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC34SDG004 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG004 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG004 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC34SDG004 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC34SDG004 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC34SDG004 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC34SDG004 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC34SDG004 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG004 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC34SDG004 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG004 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG004 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC34SDG004 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC34SDG004 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG004 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC34SDG004 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC34SDG004 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC34SDG004 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC34SDG005 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC34SDG005 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG005 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC34SDG005 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG005 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC34SDG005 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC34SDG005 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG005 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC34SDG005 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG005 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
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NC34SDG005 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC34SDG005 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC34SDG005 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC34SDG005 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG005 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG005 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC34SDG005 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC34SDG005 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC34SDG005 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC34SDG005 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC34SDG005 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG005 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC34SDG005 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG005 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG005 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC34SDG005 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC34SDG005 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG005 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC34SDG005 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC34SDG005 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC34SDG005 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC34SDG006 1  8 - 2,4'-Dichlorobiphenyl 10 0.74 ng 0 ND 
NC34SDG006 1  18 - 2,2',5-Trichlorobiphenyl 10 0.86 ng 0 ND 
NC34SDG006 1  28 - 2,4,4'-Trichlorobiphenyl 10 0.91 ng 0 ND 
NC34SDG006 1  44 - 2,2',3,5'-Tetrachlorobiphenyl 10 0.74 ng 0 ND 
NC34SDG006 1  49 - 2,2',4,5'-Tetrachlorobiphenyl 10 2 ng 0 ND 
NC34SDG006 1  52 - 2,2',5,5'-Tetrachlorobiphenyl 10 0.94 ng 0 ND 
NC34SDG006 1  66 - 2,3',4,4'-Tetrachlorobiphenyl 10 1.1 ng 0 ND 
NC34SDG006 1  77 - 3,3',4,4'-Tetrachlorobiphenyl 10 1.4 ng 0 ND 
NC34SDG006 1  87 - 2,2',3,4,5'-Pentachlorobiphenyl 10 2 ng 0 ND 
NC34SDG006 1  101 - 2,2',4,5,5'-Pentachlorobiphenyl 10 0.81 ng 0 ND 
NC34SDG006 1  105 - 2,3,3',4,4'-Pentachlorobiphenyl 10 1.3 ng 0 ND 
NC34SDG006 1  114 - 2,3,4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 
NC34SDG006 1  118 - 2,3',4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 
NC34SDG006 1  123 - 2',3,4,4',5-Pentachlorobiphenyl 10 2 ng 0 ND 
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NC34SDG006 1  126 - 3,3',4,4',5-Pentachlorobiphenyl 10 2.9 ng 0 ND 
NC34SDG006 1  128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 10 1.4 ng 0 ND 
NC34SDG006 1  138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 10 1.9 ng 0 ND 
NC34SDG006 1  153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 10 1.5 ng 0 ND 
NC34SDG006 1  156 - 2,3,3',4,4',5-Hexachlorobiphenyl 10 2 ng 0 ND 
NC34SDG006 1  157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 10 2 ng 0 ND 
NC34SDG006 1  167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 10 2 ng 0 ND 
NC34SDG006 1  169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 10 2 ng 0 ND 
NC34SDG006 1  170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 10 0.9 ng 0 ND 
NC34SDG006 1  180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 10 1.9 ng 0 ND 
NC34SDG006 1  183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 10 2 ng 0 ND 
NC34SDG006 1  184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 10 2 ng 0 ND 
NC34SDG006 1  187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 10 0.86 ng 0 ND 
NC34SDG006 1  189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 10 2 ng 0 ND 
NC34SDG006 1  195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 10 1.3 ng 0 ND 
NC34SDG006 1  206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 10 2.2 ng 0 ND 
NC34SDG006 1  209 - Decachlorobiphenyl 10 1.5 ng 0 ND 
NC34SDG007 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC34SDG007 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG007 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC34SDG007 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG007 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC34SDG007 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC34SDG007 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG007 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC34SDG007 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG007 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC34SDG007 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC34SDG007 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC34SDG007 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC34SDG007 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG007 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG007 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC34SDG007 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC34SDG007 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
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NC34SDG007 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC34SDG007 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC34SDG007 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG007 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC34SDG007 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG007 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG007 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC34SDG007 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC34SDG007 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG007 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC34SDG007 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC34SDG007 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC34SDG007 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC34SDG008 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC34SDG008 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG008 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC34SDG008 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG008 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC34SDG008 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 3.7 J 
NC34SDG008 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG008 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC34SDG008 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG008 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 5.2  
NC34SDG008 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC34SDG008 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC34SDG008 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 4.1 J 
NC34SDG008 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG008 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG008 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC34SDG008 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 2.8 J 
NC34SDG008 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 3.2 J 
NC34SDG008 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC34SDG008 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC34SDG008 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG008 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
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NC34SDG008 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG008 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG008 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC34SDG008 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC34SDG008 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG008 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC34SDG008 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC34SDG008 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC34SDG008 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC34SDG009 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC34SDG009 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG009 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC34SDG009 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG009 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC34SDG009 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC34SDG009 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG009 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC34SDG009 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG009 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC34SDG009 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC34SDG009 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC34SDG009 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC34SDG009 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG009 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG009 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC34SDG009 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC34SDG009 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC34SDG009 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC34SDG009 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC34SDG009 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG009 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC34SDG009 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG009 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG009 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC34SDG009 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
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NC34SDG009 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG009 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC34SDG009 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC34SDG009 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC34SDG009 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC34SDG010 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC34SDG010 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG010 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC34SDG010 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG010 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC34SDG010 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC34SDG010 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG010 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC34SDG010 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG010 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC34SDG010 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC34SDG010 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC34SDG010 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC34SDG010 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG010 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG010 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC34SDG010 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC34SDG010 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC34SDG010 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC34SDG010 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC34SDG010 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG010 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC34SDG010 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG010 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG010 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC34SDG010 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC34SDG010 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG010 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC34SDG010 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC34SDG010 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
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NC34SDG010 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC34SDG011 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC34SDG011 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG011 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC34SDG011 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG011 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC34SDG011 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC34SDG011 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG011 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC34SDG011 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG011 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC34SDG011 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC34SDG011 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC34SDG011 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC34SDG011 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG011 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG011 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC34SDG011 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC34SDG011 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC34SDG011 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC34SDG011 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC34SDG011 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG011 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC34SDG011 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG011 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG011 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC34SDG011 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC34SDG011 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG011 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC34SDG011 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC34SDG011 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC34SDG011 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC34SDG012 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC34SDG012 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG012 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
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NC34SDG012 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG012 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC34SDG012 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC34SDG012 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG012 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC34SDG012 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG012 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC34SDG012 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC34SDG012 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC34SDG012 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC34SDG012 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG012 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG012 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC34SDG012 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC34SDG012 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC34SDG012 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC34SDG012 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC34SDG012 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG012 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC34SDG012 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG012 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG012 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC34SDG012 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC34SDG012 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG012 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC34SDG012 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC34SDG012 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC34SDG012 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
NC34SDG013 1 L 8 - 2,4'-Dichlorobiphenyl 5 0.42 ng/L 0 ND 
NC34SDG013 1 L 18 - 2,2',5-Trichlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG013 1 L 28 - 2,4,4'-Trichlorobiphenyl 5 0.53 ng/L 0 ND 
NC34SDG013 1 L 44 - 2,2',3,5'-Tetrachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG013 1 L 49 - 2,2',4,5'-Tetrachlorobiphenyl 5 0.75 ng/L 0 ND 
NC34SDG013 1 L 52 - 2,2',5,5'-Tetrachlorobiphenyl 5 0.29 ng/L 0 ND 
NC34SDG013 1 L 66 - 2,3',4,4'-Tetrachlorobiphenyl 5 0.64 ng/L 0 ND 
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Sample Delivery Group Sample 
Size 



Size 
Units 



Analyte Min Reporting 
Limit 



Min Detection 
Limit 



Units Raw 
result 



Qualifier 



NC34SDG013 1 L 77 - 3,3',4,4'-Tetrachlorobiphenyl 5 0.56 ng/L 0 ND 
NC34SDG013 1 L 87 - 2,2',3,4,5'-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG013 1 L 101 - 2,2',4,5,5'-Pentachlorobiphenyl 5 0.36 ng/L 0 ND 
NC34SDG013 1 L 105 - 2,3,3',4,4'-Pentachlorobiphenyl 5 0.41 ng/L 0 ND 
NC34SDG013 1 L 114 - 2,3,4,4',5-Pentachlorobiphenyl 5 0.68 ng/L 0 ND 
NC34SDG013 1 L 118 - 2,3',4,4',5-Pentachlorobiphenyl 5 0.66 ng/L 0 ND 
NC34SDG013 1 L 123 - 2',3,4,4',5-Pentachlorobiphenyl 5 0.77 ng/L 0 ND 
NC34SDG013 1 L 126 - 3,3',4,4',5-Pentachlorobiphenyl 5 0.67 ng/L 0 ND 
NC34SDG013 1 L 128 - 2,2',3,3',4,4'-Hexachlorobiphenyl 5 0.25 ng/L 0 ND 
NC34SDG013 1 L 138 - 2,2',3,4,4',5'-Hexachlorobiphenyl 5 0.55 ng/L 0 ND 
NC34SDG013 1 L 153 - 2,2',4,4',5,5'-Hexachlorobiphenyl 5 0.27 ng/L 0 ND 
NC34SDG013 1 L 156 - 2,3,3',4,4',5-Hexachlorobiphenyl 5 0.62 ng/L 0 ND 
NC34SDG013 1 L 157 - 2,3,3',4,4',5'-Hexachlorobiphenyl 5 0.61 ng/L 0 ND 
NC34SDG013 1 L 167 - 2,3',4,4',5,5'-Hexachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG013 1 L 169 - 3,3',4,4',5,5'-Hexachlorobiphenyl 5 0.59 ng/L 0 ND 
NC34SDG013 1 L 170 - 2,2',3,3',4,4',5-Heptachlorobiphenyl 5 0.64 ng/L 0 ND 
NC34SDG013 1 L 180 - 2,2',3,4,4',5,5'-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG013 1 L 183 - 2,2',3,4,4',5',6-Heptachlorobiphenyl 5 0.37 ng/L 0 ND 
NC34SDG013 1 L 184 - 2,2',3,4,4',6,6'-Heptachlorobiphenyl 5 0.5 ng/L 0 ND 
NC34SDG013 1 L 187 - 2,2',3,4',5,5',6-Heptachlorobiphenyl 5 0.65 ng/L 0 ND 
NC34SDG013 1 L 189 - 2,3,3’,4,4’,5,5’-Heptachlorobiphenyl 5 0.71 ng/L 0 ND 
NC34SDG013 1 L 195 - 2,2',3,3',4,4',5,6-Octachlorobiphenyl 5 0.58 ng/L 0 ND 
NC34SDG013 1 L 206 - 2,2',3,3',4,4',5,5',6-Nonachlorobiphenyl 5 0.23 ng/L 0 ND 
NC34SDG013 1 L 209 - Decachlorobiphenyl 5 0.57 ng/L 0 ND 
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Leaching Procedural Blank Data 
 
 The data below correspond to analytical results for leaching procedural blanks collected by SSCSD as negative controls over the course of the 
laboratory leaching effort. Flags are included in these tables, for which a listing of data qualifiers (flags) and meanings is included at the end of 
APPENDIX B. These leachate samples correspond to leaching experiments with the only difference being that they were performed without PCBs 
or a shipboard solid in the stainless steel cage. The leaching and sample treatment was performed in the same manner as that for shipboard solid 
leaching experiments with leachate analyzed for the same suite of PCB analytes (homologues and congeners) to provide an empirical measure of the 
degree of cross-contamination from laboratory processes, e.g. leaching, sampling, and analytical protocols, that could potentially impact leaching 
results for shipboard solids being treated in an identical manner. A “leach rate” was not calculated from these data, as there is no leaching source 
present.  
 
 
Procedural Blank 1 Experiment: Analytical Results (ng/L) 
 
Sample ID AP-RT-PB AP-RT-PB-B27 AP-RT-PB-T09 AP-RT-PB-T1 AP-RT-PB-T11 AP-RT-PB-T4 AP-RT-PB-T6 
Sample Date 6/20/01 6/20/01 2/13/01 9/26/00 3/27/01 11/7/00 1/2/01 
Units ng ng ng/L ng/L ng/L ng/L ng/L 
Cl1 0 0 0 0 0 0 0 
Qual_Cl1 ND ND ND ND ND ND ND 
Cl2 0 0 0 0 0 0 0 
Qual_Cl2 ND ND ND ND ND ND ND 
PCB8 0 0 0 0 0 0 0 
Qual_PCB8 ND ND ND ND ND ND ND 
Cl3 0 0 0 0 0 0 0 
Qual_Cl3 ND ND ND ND ND ND ND 
PCB18 0 0 0 0 0 0 0 
Qual_PCB18 ND ND ND ND ND ND ND 
PCB28 0 0 0 0 0 0 0 
Qual_PCB28 ND ND ND ND ND ND ND 
Cl4 0 0 0 0 0 0 0 
Qual_Cl4 ND ND ND ND ND ND ND 
PCB44 0 0 0 0 0 0 0 
Qual_PCB44 ND ND ND ND ND ND ND 
PCB49 0 0 0 0 0 0 0 
Qual_PCB49 ND ND ND ND ND ND ND 
PCB52 0 0 0 0 0 0 0 
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Sample ID AP-RT-PB AP-RT-PB-B27 AP-RT-PB-T09 AP-RT-PB-T1 AP-RT-PB-T11 AP-RT-PB-T4 AP-RT-PB-T6 
Qual_PCB52 ND ND ND ND ND ND ND 
PCB66 0 0 0 0 0 0 0 
Qual_PCB66 ND ND ND ND ND ND ND 
PCB77 0 0 0 0 0 0 0 
Qual_PCB77 ND ND ND ND ND ND ND 
Cl5 2.3 0 0 0 0 0 0 
Qual_Cl5 J ND ND ND ND ND ND 
PCB87 0 0 0 0 0 0 0 
Qual_PCB87 ND ND ND ND ND ND ND 
PCB101 0 0 0 0 0 0 0 
Qual_PCB101 ND ND ND ND ND ND ND 
PCB105 0 0 0 0 0 0 0 
Qual_PCB105 ND ND ND ND ND ND ND 
PCB114 0 0 0 0 0 0 0 
Qual_PCB114 ND ND ND ND ND ND ND 
PCB118 0 0 0 0 0 0 0 
Qual_PCB118 ND ND ND ND ND ND ND 
PCB123 0 0 0 0 0 0 0 
Qual_PCB123 ND ND ND ND ND ND ND 
PCB126 2.3 0 0 0 0 0 0 
Qual_PCB126 J ND ND ND ND ND ND 
Cl6 0 0 0 0 0 0 0 
Qual_Cl6 ND ND ND ND ND ND ND 
PCB128 0 0 0 0 0 0 0 
Qual_PCB128 ND ND ND ND ND ND ND 
PCB138 0 0 0 0 0 0 0 
Qual_PCB138 ND ND ND ND ND ND ND 
PCB153 0 0 0 0 0 0 0 
Qual_PCB153 ND ND ND ND ND ND ND 
PCB156 0 0 0 0 0 0 0 
Qual_PCB156 ND ND ND ND ND ND ND 
PCB157 0 0 0 0 0 0 0 
Qual_PCB157 ND ND ND ND ND ND ND 
PCB167 0 0 0 0 0 0 0 
Qual_PCB167 ND ND ND ND ND ND ND 
PCB169 0 0 0 0 0 0 0 
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Sample ID AP-RT-PB AP-RT-PB-B27 AP-RT-PB-T09 AP-RT-PB-T1 AP-RT-PB-T11 AP-RT-PB-T4 AP-RT-PB-T6 
Qual_PCB169 ND ND ND ND ND ND ND 
Cl7 0 0 0 0 0 0 0 
Qual_Cl7 ND ND ND ND ND ND ND 
PCB170 0 0 0 0 0 0 0 
Qual_PCB170 ND ND ND ND ND ND ND 
PCB180 0 0 0 0 0 0 0 
Qual_PCB180 ND ND ND ND ND ND ND 
PCB183 0 0 0 0 0 0 0 
Qual_PCB183 ND ND ND ND ND ND ND 
PCB184 0 0 0 0 0 0 0 
Qual_PCB184 ND ND ND ND ND ND ND 
PCB187 0 0 0 0 0 0 0 
Qual_PCB187 ND ND ND ND ND ND ND 
PCB189 0 0 0 0 0 0 0 
Qual_PCB189 ND ND ND ND ND ND ND 
Cl8 0 0 0 0 0 0 0 
Qual_Cl8 ND ND ND ND ND ND ND 
PCB195 0 0 0 0 0 0 0 
Qual_PCB195 ND ND ND ND ND ND ND 
Cl9 0 0 0 0 0 0 0 
Qual_Cl9 ND ND ND ND ND ND ND 
PCB206 0 0 0 0 0 0 0 
Qual_PCB206 ND ND ND ND ND ND ND 
Cl10 0 0 0 0 0 0 0 
Qual_Cl10 ND ND ND ND ND ND ND 
PCB209 0 0 0 0 0 0 0 
Qual_PCB209 ND ND ND ND ND ND ND 
Min Reporting Limit 10 5 2.7 2.7 5.4 5.4 5.4 
MDL_cong_Cl1 2 0.5 0.27 0.54 0.54 0.54 0.54 
MDL_cong_Cl2 2 0.5 0.27 0.54 0.54 0.54 0.54 
MDL8 0.74 0.42 0.23 0.45 0.45 0.46 0.46 
MDL_cong_Cl3 2 0.5 0.27 0.54 0.54 0.54 0.54 
MDL18 0.86 0.64 0.35 0.69 0.69 0.69 0.69 
MDL28 0.91 0.53 0.28 0.56 0.56 0.57 0.57 
MDL_cong_Cl4 2 0.5 0.27 0.54 0.54 0.54 0.54 
MDL44 0.74 0.67 0.36 0.72 0.72 0.73 0.73 
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Sample ID AP-RT-PB AP-RT-PB-B27 AP-RT-PB-T09 AP-RT-PB-T1 AP-RT-PB-T11 AP-RT-PB-T4 AP-RT-PB-T6 
MDL49 2 0.75 0.4 0.8 0.8 0.81 0.81 
MDL52 0.94 0.29 0.16 0.32 0.32 0.32 0.32 
MDL66 1.1 0.64 0.35 0.69 0.69 0.7 0.7 
MDL77 1.4 0.56 0.3 0.6 0.6 0.61 0.61 
MDL_cong_Cl5 2 0.5 0.27 0.54 0.54 0.54 0.54 
MDL87 2 0.77 0.42 0.82 0.82 0.83 0.83 
MDL101 0.81 0.36 0.2 0.39 0.39 0.39 0.39 
MDL105 1.3 0.41 0.22 0.44 0.44 0.44 0.44 
MDL114 2 0.68 0.37 0.73 0.73 0.74 0.74 
MDL118 2 0.66 0.36 0.7 0.7 0.71 0.71 
MDL123 2 0.77 0.42 0.83 0.83 0.84 0.84 
MDL126 2.9 0.67 0.36 0.72 0.72 0.73 0.73 
MDL_cong_Cl6 2 0.5 0.27 0.54 0.54 0.54 0.54 
MDL128 1.4 0.25 0.14 0.27 0.27 0.27 0.27 
MDL138 1.9 0.55 0.3 0.59 0.59 0.59 0.59 
MDL153 1.5 0.27 0.14 0.29 0.29 0.29 0.29 
MDL156 2 0.62 0.34 0.67 0.67 0.67 0.67 
MDL157 2 0.61 0.33 0.65 0.65 0.66 0.66 
MDL167 2 0.64 0.34 0.68 0.68 0.69 0.69 
MDL169 2 0.59 0.32 0.63 0.63 0.64 0.64 
MDL-cong_Cl7 2 0.5 0.27 0.54 0.54 0.54 0.54 
MDL170 0.9 0.64 0.34 0.68 0.68 0.69 0.69 
MDL180 1.9 0.65 0.35 0.7 0.7 0.71 0.71 
MDL183 2 0.37 0.2 0.4 0.4 0.4 0.4 
MDL184 2 0.5 0.27 0.54 0.54 0.55 0.55 
MDL187 0.86 0.65 0.35 0.7 0.7 0.71 0.71 
MDL189 2 0.71 0.38 0.76 0.76 0.77 0.77 
MDL_cong_Cl8 2 0.5 0.27 0.54 0.54 0.54 0.54 
MDL195 1.3 0.58 0.32 0.62 0.62 0.63 0.63 
MDL_cong_Cl9 2 0.5 0.27 0.54 0.54 0.54 0.54 
MDL206 2.2 0.23 0.12 0.24 0.24 0.24 0.24 
MDL_cong_Cl10 1.5 0.57 0.31 0.61 0.61 0.62 0.62 
MDL209 1.5 0.57 0.31 0.61 0.61 0.62 0.62 
Sample Delivery Group NC34SDG006 NC34SDG003 NC28SDG013 NC28SDG001 NC28SDG019 NC28SDG005 NC28SDG010 
Sample Size 1 1 0.92 0.93 0.93 0.92 0.92 
Size Units   L L L L L 











 



 
 



C-454



 
 
Procedural Blank 1 Experiment: PCB Mass per Sample (ng) 
 
Sample ID AP-RT-PB AP-RT-PB-B27 AP-RT-PB-T09 AP-RT-PB-T1 AP-RT-PB-T11 AP-RT-PB-T4 AP-RT-PB-T6 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl3 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB28 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl4 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB44 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB49 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB52 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB66 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 2.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB87 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB101 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB105 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 2.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
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Sample ID AP-RT-PB AP-RT-PB-B27 AP-RT-PB-T09 AP-RT-PB-T1 AP-RT-PB-T11 AP-RT-PB-T4 AP-RT-PB-T6 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 2.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 



 
 
Procedural Blank 2 Experiment: Analytical Results (ng/L) 
 
Sample ID AP-LT-PB AP-LT-PB-B61 AP-LT-PB-B32 AP-LT-PB-T1 AP-LT-PB-T10 AP-LT-PB-T12 AP-LT-PB-T14 AP-LT-PB-T16 AP-LT-PB-T3 AP-LT-PB-T5 
Sample Date 06/19/02 06/19/02 11/28/01 04/25/01 11/06/01 03/06/02 05/01/02 06/19/02 07/24/01 08/21/01 
Units ng ng ng ng/L ng/L ng/L ng/L ng/L ng/L ng/L 
Cl1 0 0 0 0 0 0 0 0 0 0 
Qual_Cl1 ND ND ND ND ND ND ND ND ND ND 
Cl2 0 0 0 0 0 0 0 0 0 0 
Qual_Cl2 ND ND ND ND ND ND ND ND ND ND 
PCB8 0 0 0 0 0 0 0 0 0 0 
Qual_PCB8 ND ND ND ND ND ND ND ND ND ND 
Cl3 0 0 0 0 0 0 0 0 0 0 
Qual_Cl3 ND ND ND ND ND ND ND ND ND ND 
PCB18 0 0 0 0 0 0 0 0 0 0 
Qual_PCB18 ND ND ND ND ND ND ND ND ND ND 
PCB28 0 0 0 0 0 0 0 0 0 0 
Qual_PCB28 ND ND ND ND ND ND ND ND ND ND 
Cl4 3.2 0 0 0 0 0 0 0 0 24 
Qual_Cl4 J ND ND ND ND ND ND ND ND B 
PCB44 0 0 0 0 0 0 0 0 0 3.5 
Qual_PCB44 ND ND ND ND ND ND ND ND ND J 
PCB49 0 0 0 0 0 0 0 0 0 1.4 
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Sample ID AP-LT-PB AP-LT-PB-B61 AP-LT-PB-B32 AP-LT-PB-T1 AP-LT-PB-T10 AP-LT-PB-T12 AP-LT-PB-T14 AP-LT-PB-T16 AP-LT-PB-T3 AP-LT-PB-T5 
Qual_PCB49 ND ND ND ND ND ND ND ND ND J 
PCB52 5.1 0 0 0 0 0 0 0 0 5.8 
Qual_PCB52 J ND ND ND ND ND ND ND ND B 
PCB66 0 0 0 0 0 0 0 0 0 1.6 
Qual_PCB66 ND ND ND ND ND ND ND ND ND J 
PCB77 0 0 0 0 0 0 0 0 0 0 
Qual_PCB77 ND ND ND ND ND ND ND ND ND ND 
Cl5 15 0 0 0 0 0 0 0 0 61 
Qual_Cl5 J ND ND ND ND ND ND ND ND B 
PCB87 0 0 0 0 0 0 0 0 0 3.1 
Qual_PCB87 ND ND ND ND ND ND ND ND ND J 
PCB101 0 0 0 0 0 0 0 0 0 3.8 
Qual_PCB101 ND ND ND ND ND ND ND ND ND  
PCB105 0 0 0 0 0 0 0 0 0 0 
Qual_PCB105 ND ND ND ND ND ND ND ND ND ND 
PCB114 0 0 0 0 0 0 0 0 0 0 
Qual_PCB114 ND ND ND ND ND ND ND ND ND ND 
PCB118 0 0 0 0 0 0 0 0 0 4.4 
Qual_PCB118 ND ND ND ND ND ND ND ND ND  
PCB123 0 0 0 0 0 0 0 0 0 0 
Qual_PCB123 ND ND ND ND ND ND ND ND ND ND 
PCB126 0 0 0 0 0 0 0 0 0 0 
Qual_PCB126 ND ND ND ND ND ND ND ND ND ND 
Cl6 0 0 0 0 0 0 0 0 0 0 
Qual_Cl6 ND ND ND ND ND ND ND ND ND ND 
PCB128 0 0 0 0 0 0 0 0 0 0 
Qual_PCB128 ND ND ND ND ND ND ND ND ND ND 
PCB138 0 0 0 0 0 0 0 0 0 0 
Qual_PCB138 ND ND ND ND ND ND ND ND ND ND 
PCB153 0 0 0 0 0 0 0 0 0 0 
Qual_PCB153 ND ND ND ND ND ND ND ND ND ND 
PCB156 0 0 0 0 0 0 0 0 0 0 
Qual_PCB156 ND ND ND ND ND ND ND ND ND ND 
PCB157 0 0 0 0 0 0 0 0 0 0 
Qual_PCB157 ND ND ND ND ND ND ND ND ND ND 
PCB167 0 0 0 0 0 0 0 0 0 0 
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Sample ID AP-LT-PB AP-LT-PB-B61 AP-LT-PB-B32 AP-LT-PB-T1 AP-LT-PB-T10 AP-LT-PB-T12 AP-LT-PB-T14 AP-LT-PB-T16 AP-LT-PB-T3 AP-LT-PB-T5 
Qual_PCB167 ND ND ND ND ND ND ND ND ND ND 
PCB169 0 0 0 0 0 0 0 0 0 0 
Qual_PCB169 ND ND ND ND ND ND ND ND ND ND 
Cl7 20 0 0 0 0 0 0 0 0 0 
Qual_Cl7 J ND ND ND ND ND ND ND ND ND 
PCB170 0 0 0 0 0 0 0 0 0 0 
Qual_PCB170 ND ND ND ND ND ND ND ND ND ND 
PCB180 0 0 0 0 0 0 0 0 0 0 
Qual_PCB180 ND ND ND ND ND ND ND ND ND ND 
PCB183 0 0 0 0 0 0 0 0 0 0 
Qual_PCB183 ND ND ND ND ND ND ND ND ND ND 
PCB184 0 0 0 0 0 0 0 0 0 0 
Qual_PCB184 ND ND ND ND ND ND ND ND ND ND 
PCB187 0 0 0 0 0 0 0 0 0 0 
Qual_PCB187 ND ND ND ND ND ND ND ND ND ND 
PCB189 0 0 0 0 0 0 0 0 0 0 
Qual_PCB189 ND ND ND ND ND ND ND ND ND ND 
Cl8 0 0 0 0 0 0 0 0 0 0 
Qual_Cl8 ND ND ND ND ND ND ND ND ND ND 
PCB195 0 0 0 0 0 0 0 0 0 0 
Qual_PCB195 ND ND ND ND ND ND ND ND ND ND 
Cl9 0 0 0 0 0 0 0 0 0 0 
Qual_Cl9 ND ND ND ND ND ND ND ND ND ND 
PCB206 0 0 0 0 0 0 0 0 0 0 
Qual_PCB206 ND ND ND ND ND ND ND ND ND ND 
Cl10 0 0 0 0 0 0 0 0 0 0 
Qual_Cl10 ND ND ND ND ND ND ND ND ND ND 
PCB209 0 0 0 0 0 0 0 0 0 0 
Qual_PCB209 ND ND ND ND ND ND ND ND ND ND 
Min Reporting 
Limit 



2.0E+01 1.0E+01 5.0E+00 5.3E+00 5.6E+00 5.5E+00 5.4E+00 1.1E+01 5.5E+00 5.4E+00 



MDL_cong_Cl1 6.7E+00 5.0E-01 5.0E-01 5.3E-01 5.6E-01 5.5E-01 5.4E-01 5.3E-01 5.5E-01 5.4E-01 
MDL_cong_Cl2 6.7E+00 5.0E-01 5.0E-01 5.3E-01 5.6E-01 5.5E-01 5.4E-01 5.3E-01 5.5E-01 5.4E-01 
MDL8 2.4E+00 4.2E-01 4.2E-01 4.5E-01 4.7E-01 4.6E-01 4.6E-01 4.5E-01 4.6E-01 4.5E-01 
MDL_cong_Cl3 6.7E+00 5.0E-01 5.0E-01 5.3E-01 5.6E-01 5.5E-01 5.4E-01 5.3E-01 5.5E-01 5.4E-01 
MDL18 2.9E+00 6.4E-01 6.4E-01 6.8E-01 7.1E-01 7.0E-01 6.9E-01 6.8E-01 7.0E-01 6.9E-01 











 



 
 



C-458



Sample ID AP-LT-PB AP-LT-PB-B61 AP-LT-PB-B32 AP-LT-PB-T1 AP-LT-PB-T10 AP-LT-PB-T12 AP-LT-PB-T14 AP-LT-PB-T16 AP-LT-PB-T3 AP-LT-PB-T5 
MDL28 3.0E+00 5.3E-01 5.3E-01 5.6E-01 5.8E-01 5.8E-01 5.7E-01 5.6E-01 5.8E-01 5.6E-01 
MDL_cong_Cl4 6.7E+00 5.0E-01 5.0E-01 5.3E-01 5.6E-01 5.5E-01 5.4E-01 5.3E-01 5.5E-01 5.4E-01 
MDL44 2.5E+00 6.7E-01 6.7E-01 7.1E-01 7.5E-01 7.4E-01 7.3E-01 7.1E-01 7.4E-01 7.2E-01 
MDL49 6.7E+00 7.5E-01 7.5E-01 7.9E-01 8.3E-01 8.2E-01 8.1E-01 7.9E-01 8.2E-01 8.0E-01 
MDL52 3.2E+00 2.9E-01 2.9E-01 3.1E-01 3.3E-01 3.2E-01 3.2E-01 3.1E-01 3.2E-01 3.2E-01 
MDL66 3.6E+00 6.4E-01 6.4E-01 6.8E-01 7.2E-01 7.1E-01 7.0E-01 6.8E-01 7.1E-01 6.9E-01 
MDL77 4.6E+00 5.6E-01 5.6E-01 6.0E-01 6.2E-01 6.2E-01 6.1E-01 6.0E-01 6.2E-01 6.0E-01 
MDL_cong_Cl5 6.7E+00 5.0E-01 5.0E-01 5.3E-01 5.6E-01 5.5E-01 5.4E-01 5.3E-01 5.5E-01 5.4E-01 
MDL87 6.7E+00 7.7E-01 7.7E-01 8.1E-01 8.5E-01 8.4E-01 8.3E-01 8.1E-01 8.4E-01 8.2E-01 
MDL101 2.7E+00 3.6E-01 3.6E-01 3.8E-01 4.0E-01 4.0E-01 3.9E-01 3.8E-01 4.0E-01 3.9E-01 
MDL105 4.4E+00 4.1E-01 4.1E-01 4.3E-01 4.5E-01 4.5E-01 4.4E-01 4.3E-01 4.5E-01 4.4E-01 
MDL114 6.7E+00 6.8E-01 6.8E-01 7.2E-01 7.5E-01 7.4E-01 7.4E-01 7.2E-01 7.4E-01 7.3E-01 
MDL118 6.7E+00 6.6E-01 6.6E-01 7.0E-01 7.3E-01 7.2E-01 7.1E-01 7.0E-01 7.2E-01 7.0E-01 
MDL123 6.7E+00 7.7E-01 7.7E-01 8.2E-01 8.6E-01 8.5E-01 8.4E-01 8.2E-01 8.5E-01 8.3E-01 
MDL126 9.7E+00 6.7E-01 6.7E-01 7.1E-01 7.5E-01 7.4E-01 7.3E-01 7.1E-01 7.4E-01 7.2E-01 
MDL_cong_Cl6 6.7E+00 5.0E-01 5.0E-01 5.3E-01 5.6E-01 5.5E-01 5.4E-01 5.3E-01 5.5E-01 5.4E-01 
MDL128 4.7E+00 2.5E-01 2.5E-01 2.6E-01 2.8E-01 2.7E-01 2.7E-01 2.6E-01 2.7E-01 2.7E-01 
MDL138 6.5E+00 5.5E-01 5.5E-01 5.8E-01 6.1E-01 6.0E-01 5.9E-01 5.8E-01 6.0E-01 5.9E-01 
MDL153 5.0E+00 2.7E-01 2.7E-01 2.8E-01 3.0E-01 2.9E-01 2.9E-01 2.8E-01 2.9E-01 2.9E-01 
MDL156 6.7E+00 6.2E-01 6.2E-01 6.6E-01 6.9E-01 6.8E-01 6.7E-01 6.6E-01 6.8E-01 6.7E-01 
MDL157 6.7E+00 6.1E-01 6.1E-01 6.5E-01 6.8E-01 6.7E-01 6.6E-01 6.5E-01 6.7E-01 6.5E-01 
MDL167 6.7E+00 6.4E-01 6.4E-01 6.8E-01 7.1E-01 7.0E-01 6.9E-01 6.8E-01 7.0E-01 6.8E-01 
MDL169 6.7E+00 5.9E-01 5.9E-01 6.3E-01 6.6E-01 6.5E-01 6.4E-01 6.3E-01 6.5E-01 6.3E-01 
MDL-cong_Cl7 6.7E+00 5.0E-01 5.0E-01 5.3E-01 5.6E-01 5.5E-01 5.4E-01 5.3E-01 5.5E-01 5.4E-01 
MDL170 3.0E+00 6.4E-01 6.4E-01 6.8E-01 7.1E-01 7.0E-01 6.9E-01 6.8E-01 7.0E-01 6.8E-01 
MDL180 6.5E+00 6.5E-01 6.5E-01 6.9E-01 7.2E-01 7.2E-01 7.1E-01 6.9E-01 7.2E-01 7.0E-01 
MDL183 6.7E+00 3.7E-01 3.7E-01 3.9E-01 4.1E-01 4.1E-01 4.0E-01 3.9E-01 4.1E-01 4.0E-01 
MDL184 6.7E+00 5.0E-01 5.0E-01 5.4E-01 5.6E-01 5.5E-01 5.5E-01 5.4E-01 5.5E-01 5.4E-01 
MDL187 2.8E+00 6.5E-01 6.5E-01 6.9E-01 7.2E-01 7.2E-01 7.1E-01 6.9E-01 7.2E-01 7.0E-01 
MDL189 6.7E+00 7.1E-01 7.1E-01 7.5E-01 7.8E-01 7.8E-01 7.7E-01 7.5E-01 7.8E-01 7.6E-01 
MDL_cong_Cl8 6.7E+00 5.0E-01 5.0E-01 5.3E-01 5.6E-01 5.5E-01 5.4E-01 5.3E-01 5.5E-01 5.4E-01 
MDL195 4.4E+00 5.8E-01 5.8E-01 6.2E-01 6.5E-01 6.4E-01 6.3E-01 6.2E-01 6.4E-01 6.2E-01 
MDL_cong_Cl9 6.7E+00 5.0E-01 5.0E-01 5.3E-01 5.6E-01 5.5E-01 5.4E-01 5.3E-01 5.5E-01 5.4E-01 
MDL206 7.4E+00 2.3E-01 2.3E-01 2.4E-01 2.5E-01 2.5E-01 2.4E-01 2.4E-01 2.5E-01 2.4E-01 
MDL_cong_Cl1
0 



5.1E+00 5.7E-01 5.7E-01 6.1E-01 6.3E-01 6.3E-01 6.2E-01 6.1E-01 6.3E-01 6.1E-01 











 



 
 



C-459



Sample ID AP-LT-PB AP-LT-PB-B61 AP-LT-PB-B32 AP-LT-PB-T1 AP-LT-PB-T10 AP-LT-PB-T12 AP-LT-PB-T14 AP-LT-PB-T16 AP-LT-PB-T3 AP-LT-PB-T5 
MDL209 5.1E+00 5.7E-01 5.7E-01 6.1E-01 6.3E-01 6.3E-01 6.2E-01 6.1E-01 6.3E-01 6.1E-01 
Sample Delivery 
Group 



CSC81SDG013 CSC81SDG012 NC34SDG013 NC28SDG023 NC34SDG012 CSC81SDG006 CSC81SDG010 CSC81SDG012 NC34SDG007 NC34SDG008 



Sample Size 1.0E+00 1.0E+00 1.0E+00 9.4E-01 9.0E-01 9.1E-01 9.2E-01 9.4E-01 9.1E-01 9.3E-01 
Size Units    L L L L L L L 



 
Procedural Blank 2 Experiment: PCB Mass per Sample (ng) 
 
Sample ID AP-LT-PB AP-LT-PB-B61 AP-LT-PB-B32 AP-LT-PB-T1 AP-LT-PB-T10 AP-LT-PB-T12 AP-LT-PB-T14 AP-LT-PB-T16 AP-LT-PB-T3 AP-LT-PB-T5 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl3 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB28 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl4 3.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.2E+01 
PCB44 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.3E+00 
PCB49 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+00 
PCB52 5.1E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.4E+00 
PCB66 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 1.5E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.7E+01 
PCB87 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+00 
PCB101 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.5E+00 
PCB105 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.1E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



C-460



Sample ID AP-LT-PB AP-LT-PB-B61 AP-LT-PB-B32 AP-LT-PB-T1 AP-LT-PB-T10 AP-LT-PB-T12 AP-LT-PB-T14 AP-LT-PB-T16 AP-LT-PB-T3 AP-LT-PB-T5 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 2.0E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 3.8E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.9E+01 



 
 
 











 



 
 



C-461



Seawater Blank Data 
 
 The data below correspond to analytical results for artificial seawater blanks collected by SSCSD over the course of the laboratory leaching 
effort. Flags are included in these tables, for which a listing of data qualifiers (flags) and meanings is included at the end of APPENDIX B. These 
samples were not leachate samples. Rather, they were seawater samples collected for QA/QC purposes and were analyzed for the same suite of PCB 
analytes (homologues and congeners) to provide an empirical measure of the degree of possible contamination during artificial seawater preparation 
or during laboratory analytical chemistry processes. A “leach rate” was not calculated from these data, as there is no leaching source present, but a 
data reduction into PCB mass was performed. “Seawater Blanks A” Sample IDs below reflect the preparer initials and date of preparation. Samples 
in “Seawater Blanks B” below were analyzed blindly, i.e they were disguised as leachate samples, and did not have Sample IDs similar to those in 
“Seawater Blanks A”.  
 
 
Seawater Blanks A: Analytical Results (ng/L) 
 
Sample ID CRI04



0300-
MB-
B01 



CRI04
0300-
MB-
B02 



CRI04
0300-
MB-
B03 



CRI04
2500-
MB-
B01 



CRI04
2500-
MB-
B02 



CRI04
2500-
MB-
B03 



CRI05
0200-
MB-
B01 



CRI05
2300-
MB-
B01 



CRI05
2300-
MB-
B02 



CRI05
2300-
MB-
B03 



JMG02
0100-
MB-
B01 



JMG03
1500-
MB-
B02 



JMG03
1500-
MB-
B03 



JMG03
1500-
MB-
B04 



JMG03
1500-
MB-
B05 



KML-
060500
-MB-
B01 



KML0
60500-
MB-
B02 



KML0
61200-
MB-
B01 



KML0
61200-
MB-
B02 



KML0
70600-
MB-
B01 



KML0
71800-
MB-
B01 



KML0
71800-
MB-
B02 



Sample 
Date 



4/13/00 4/19/00 4/27/00 5/4/00 5/11/00 5/25/00 5/18/00 6/1/00 6/28/00 7/6/00 3/9/00 3/15/00 3/23/00 3/29/00 4/5/00 6/7/00 6/15/00 6/22/00 8/10/00 7/20/00 8/3/00 8/17/00 



Units ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L Units ng/L 
Cl1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.52 
Qual_Cl2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND J 
PCB8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.48 
Qual_PCB
8 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND J 



Cl3 0 0 0 0 0 0 0 0 0 0 0 0 0 0.44 0 0 0 0 0 0 0 0 
Qual_Cl3 ND ND ND ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND ND ND 
PCB18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
18 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB28 0 0 0 0 0 0 0 0 0 0 0 0 0 0.43 0 0 0 0 0 0 0 0 
Qual_PCB
28 



ND ND ND ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND ND ND ND 



Cl4 0 0 0 0 0 0 0 0 0 0 0 0 0 0.47 0.6 0 0 0 0 0 0 19 
Qual_Cl4 ND ND ND ND ND ND ND ND ND ND ND ND ND J J ND ND ND ND ND ND  











 



 
 



C-462



Sample ID CRI04
0300-
MB-
B01 



CRI04
0300-
MB-
B02 



CRI04
0300-
MB-
B03 



CRI04
2500-
MB-
B01 



CRI04
2500-
MB-
B02 



CRI04
2500-
MB-
B03 



CRI05
0200-
MB-
B01 



CRI05
2300-
MB-
B01 



CRI05
2300-
MB-
B02 



CRI05
2300-
MB-
B03 



JMG02
0100-
MB-
B01 



JMG03
1500-
MB-
B02 



JMG03
1500-
MB-
B03 



JMG03
1500-
MB-
B04 



JMG03
1500-
MB-
B05 



KML-
060500
-MB-
B01 



KML0
60500-
MB-
B02 



KML0
61200-
MB-
B01 



KML0
61200-
MB-
B02 



KML0
70600-
MB-
B01 



KML0
71800-
MB-
B01 



KML0
71800-
MB-
B02 



PCB44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.6 
Qual_PCB
44 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND J 



PCB49 0 0 0 0 0 0 0 0 0 0 0 0 0 0.44 0.54 0 0 0 0 0 0 0 
Qual_PCB
49 



ND ND ND ND ND ND ND ND ND ND ND ND ND J  ND ND ND ND ND ND ND 



PCB52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.4 
Qual_PCB
52 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND  



PCB66 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
66 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB77 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
77 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



Cl5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB87 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
87 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB101 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
101 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB105 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
105 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB114 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
114 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB118 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
118 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB123 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
123 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
126 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 











 



 
 



C-463



Sample ID CRI04
0300-
MB-
B01 



CRI04
0300-
MB-
B02 



CRI04
0300-
MB-
B03 



CRI04
2500-
MB-
B01 



CRI04
2500-
MB-
B02 



CRI04
2500-
MB-
B03 



CRI05
0200-
MB-
B01 



CRI05
2300-
MB-
B01 



CRI05
2300-
MB-
B02 



CRI05
2300-
MB-
B03 



JMG02
0100-
MB-
B01 



JMG03
1500-
MB-
B02 



JMG03
1500-
MB-
B03 



JMG03
1500-
MB-
B04 



JMG03
1500-
MB-
B05 



KML-
060500
-MB-
B01 



KML0
60500-
MB-
B02 



KML0
61200-
MB-
B01 



KML0
61200-
MB-
B02 



KML0
70600-
MB-
B01 



KML0
71800-
MB-
B01 



KML0
71800-
MB-
B02 



Cl6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB128 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
128 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB138 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
138 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB153 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
153 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB156 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
156 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB157 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
157 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB167 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
167 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB169 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
169 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



Cl7 0 0 0 0 0 0 0 0 0 0 0 0 5 1.2 6.5 0 0 0 0 0 0 0 
Qual_Cl7 ND ND ND ND ND ND ND ND ND ND ND ND  J  ND ND ND ND ND ND ND 
PCB170 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
170 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB180 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
180 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB183 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
183 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB184 0 0 0 0 0 0 0 0 0 0 0 0 0.82 0.84 0.54 0 0 0 0 0 0 0 
Qual_PCB
184 



ND ND ND ND ND ND ND ND ND ND ND ND J  J ND ND ND ND ND ND ND 











 



 
 



C-464



Sample ID CRI04
0300-
MB-
B01 



CRI04
0300-
MB-
B02 



CRI04
0300-
MB-
B03 



CRI04
2500-
MB-
B01 



CRI04
2500-
MB-
B02 



CRI04
2500-
MB-
B03 



CRI05
0200-
MB-
B01 



CRI05
2300-
MB-
B01 



CRI05
2300-
MB-
B02 



CRI05
2300-
MB-
B03 



JMG02
0100-
MB-
B01 



JMG03
1500-
MB-
B02 



JMG03
1500-
MB-
B03 



JMG03
1500-
MB-
B04 



JMG03
1500-
MB-
B05 



KML-
060500
-MB-
B01 



KML0
60500-
MB-
B02 



KML0
61200-
MB-
B01 



KML0
61200-
MB-
B02 



KML0
70600-
MB-
B01 



KML0
71800-
MB-
B01 



KML0
71800-
MB-
B02 



PCB187 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
187 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



PCB189 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
189 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



Cl8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB195 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
195 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



Cl9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB206 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
206 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



Cl10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl10 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB209 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB
209 



ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 



Min 
Reporting 
Limit 



2.6 2.6 2.4 2.5 2.6 2.9 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.9 2.6 2.7 2.6 2.8 2.6 2.6 



MDL_cong
_Cl1 



0.52 0.52 0.49 0.5 0.52 0.58 0.52 0.52 0.53 0.52 0.53 0.52 0.53 0.51 0.52 0.58 0.51 0.55 0.53 0.56 0.53 0.53 



MDL_cong
_Cl2 



0.52 0.52 0.49 0.5 0.52 0.58 0.52 0.52 0.53 0.52 0.53 0.52 0.53 0.51 0.52 0.58 0.51 0.55 0.53 0.56 0.53 0.53 



MDL8 0.44 0.44 0.41 0.42 0.44 0.49 0.44 0.44 0.45 0.44 0.44 0.44 0.44 0.43 0.44 0.49 0.43 0.46 0.45 0.47 0.45 0.45 
MDL_cong
_Cl3 



0.52 0.52 0.49 0.5 0.52 0.58 0.52 0.52 0.53 0.52 0.53 0.52 0.53 0.51 0.52 0.58 0.51 0.55 0.53 0.56 0.53 0.53 



MDL18 0.66 0.66 0.62 0.64 0.66 0.74 0.66 0.66 0.68 0.66 0.67 0.66 0.67 0.65 0.66 0.74 0.65 0.7 0.68 0.71 0.68 0.68 
MDL28 0.54 0.55 0.52 0.53 0.54 0.61 0.55 0.54 0.56 0.55 0.55 0.55 0.55 0.54 0.55 0.61 0.54 0.58 0.56 0.58 0.56 0.56 
MDL_cong
_Cl4 



0.52 0.52 0.49 0.5 0.52 0.58 0.52 0.52 0.53 0.52 0.53 0.52 0.53 0.51 0.52 0.58 0.51 0.55 0.53 0.56 0.53 0.53 



MDL44 0.69 0.7 0.66 0.67 0.69 0.78 0.7 0.69 0.71 0.7 0.71 0.7 0.71 0.68 0.7 0.78 0.68 0.74 0.71 0.75 0.71 0.71 
MDL49 0.77 0.78 0.73 0.75 0.77 0.87 0.78 0.77 0.79 0.78 0.78 0.78 0.78 0.76 0.78 0.87 0.76 0.82 0.79 0.83 0.79 0.79 











 



 
 



C-465



Sample ID CRI04
0300-
MB-
B01 



CRI04
0300-
MB-
B02 



CRI04
0300-
MB-
B03 



CRI04
2500-
MB-
B01 



CRI04
2500-
MB-
B02 



CRI04
2500-
MB-
B03 



CRI05
0200-
MB-
B01 



CRI05
2300-
MB-
B01 



CRI05
2300-
MB-
B02 



CRI05
2300-
MB-
B03 



JMG02
0100-
MB-
B01 



JMG03
1500-
MB-
B02 



JMG03
1500-
MB-
B03 



JMG03
1500-
MB-
B04 



JMG03
1500-
MB-
B05 



KML-
060500
-MB-
B01 



KML0
60500-
MB-
B02 



KML0
61200-
MB-
B01 



KML0
61200-
MB-
B02 



KML0
70600-
MB-
B01 



KML0
71800-
MB-
B01 



KML0
71800-
MB-
B02 



MDL52 0.3 0.31 0.29 0.29 0.3 0.34 0.31 0.3 0.31 0.31 0.31 0.31 0.31 0.3 0.31 0.34 0.3 0.32 0.31 0.33 0.31 0.31 
MDL66 0.66 0.67 0.63 0.64 0.66 0.75 0.67 0.66 0.68 0.67 0.68 0.67 0.68 0.66 0.67 0.75 0.66 0.71 0.68 0.72 0.68 0.68 
MDL77 0.58 0.58 0.55 0.56 0.58 0.65 0.58 0.58 0.6 0.58 0.59 0.58 0.59 0.57 0.58 0.65 0.57 0.62 0.6 0.62 0.6 0.6 
MDL_cong
_Cl5 



0.52 0.52 0.49 0.5 0.52 0.58 0.52 0.52 0.53 0.52 0.53 0.52 0.53 0.51 0.52 0.58 0.51 0.55 0.53 0.56 0.53 0.53 



MDL87 0.79 0.8 0.75 0.77 0.79 0.89 0.8 0.79 0.81 0.8 0.81 0.8 0.81 0.78 0.8 0.89 0.78 0.84 0.81 0.85 0.81 0.81 
MDL101 0.37 0.38 0.35 0.36 0.37 0.42 0.38 0.37 0.38 0.38 0.38 0.38 0.38 0.37 0.38 0.42 0.37 0.4 0.38 0.4 0.38 0.38 
MDL105 0.42 0.42 0.4 0.41 0.42 0.47 0.42 0.42 0.43 0.42 0.43 0.42 0.43 0.41 0.42 0.47 0.41 0.45 0.43 0.45 0.43 0.43 
MDL114 0.7 0.71 0.66 0.68 0.7 0.79 0.71 0.7 0.72 0.71 0.71 0.71 0.71 0.69 0.71 0.79 0.69 0.74 0.72 0.75 0.72 0.72 
MDL118 0.68 0.68 0.64 0.66 0.68 0.76 0.68 0.68 0.7 0.68 0.69 0.68 0.69 0.67 0.68 0.76 0.67 0.72 0.7 0.73 0.7 0.7 
MDL123 0.8 0.8 0.76 0.77 0.8 0.9 0.8 0.8 0.82 0.8 0.81 0.8 0.81 0.79 0.8 0.9 0.79 0.85 0.82 0.86 0.82 0.82 
MDL126 0.69 0.7 0.66 0.67 0.69 0.78 0.7 0.69 0.71 0.7 0.71 0.7 0.71 0.68 0.7 0.78 0.68 0.74 0.71 0.75 0.71 0.71 
MDL_cong
_Cl6 



0.52 0.52 0.49 0.5 0.52 0.58 0.52 0.52 0.53 0.52 0.53 0.52 0.53 0.51 0.52 0.58 0.51 0.55 0.53 0.56 0.53 0.53 



MDL128 0.26 0.26 0.24 0.25 0.26 0.29 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.29 0.26 0.27 0.26 0.28 0.26 0.26 
MDL138 0.56 0.57 0.54 0.55 0.56 0.63 0.57 0.56 0.58 0.57 0.57 0.57 0.57 0.56 0.57 0.63 0.56 0.6 0.58 0.61 0.58 0.58 
MDL153 0.28 0.28 0.26 0.27 0.28 0.31 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.27 0.28 0.31 0.27 0.29 0.28 0.3 0.28 0.28 
MDL156 0.64 0.64 0.61 0.62 0.64 0.72 0.64 0.64 0.66 0.64 0.65 0.64 0.65 0.63 0.64 0.72 0.63 0.68 0.66 0.69 0.66 0.66 
MDL157 0.63 0.63 0.6 0.61 0.63 0.71 0.63 0.63 0.65 0.63 0.64 0.63 0.64 0.62 0.63 0.71 0.62 0.67 0.65 0.68 0.65 0.65 
MDL167 0.66 0.66 0.62 0.64 0.66 0.74 0.66 0.66 0.68 0.66 0.67 0.66 0.67 0.65 0.66 0.74 0.65 0.7 0.68 0.71 0.68 0.68 
MDL169 0.61 0.61 0.58 0.59 0.61 0.69 0.61 0.61 0.63 0.61 0.62 0.61 0.62 0.6 0.61 0.69 0.6 0.65 0.63 0.66 0.63 0.63 
MDL-
cong_Cl7 



0.52 0.52 0.49 0.5 0.52 0.58 0.52 0.52 0.53 0.52 0.53 0.52 0.53 0.51 0.52 0.58 0.51 0.55 0.53 0.56 0.53 0.53 



MDL170 0.66 0.66 0.62 0.64 0.66 0.74 0.66 0.66 0.68 0.66 0.67 0.66 0.67 0.65 0.66 0.74 0.65 0.7 0.68 0.71 0.68 0.68 
MDL180 0.67 0.68 0.64 0.65 0.67 0.76 0.68 0.67 0.69 0.68 0.69 0.68 0.69 0.66 0.68 0.76 0.66 0.72 0.69 0.72 0.69 0.69 
MDL183 0.38 0.38 0.36 0.37 0.38 0.43 0.38 0.38 0.39 0.38 0.39 0.38 0.39 0.38 0.38 0.43 0.38 0.41 0.39 0.41 0.39 0.39 
MDL184 0.52 0.52 0.49 0.5 0.52 0.59 0.52 0.52 0.54 0.52 0.53 0.52 0.53 0.51 0.52 0.59 0.51 0.55 0.54 0.56 0.54 0.54 
MDL187 0.67 0.68 0.64 0.65 0.67 0.76 0.68 0.67 0.69 0.68 0.69 0.68 0.69 0.66 0.68 0.76 0.66 0.72 0.69 0.72 0.69 0.69 
MDL189 0.73 0.74 0.69 0.71 0.73 0.82 0.74 0.73 0.75 0.74 0.74 0.74 0.74 0.72 0.74 0.82 0.72 0.78 0.75 0.78 0.75 0.75 
MDL_cong
_Cl8 



0.52 0.52 0.49 0.5 0.52 0.58 0.52 0.52 0.53 0.52 0.53 0.52 0.53 0.51 0.52 0.58 0.51 0.55 0.53 0.56 0.53 0.53 



MDL195 0.6 0.61 0.57 0.58 0.6 0.68 0.61 0.6 0.62 0.61 0.61 0.61 0.61 0.59 0.61 0.68 0.59 0.64 0.62 0.65 0.62 0.62 
MDL_cong
_Cl9 



0.52 0.52 0.49 0.5 0.52 0.58 0.52 0.52 0.53 0.52 0.53 0.52 0.53 0.51 0.52 0.58 0.51 0.55 0.53 0.56 0.53 0.53 



MDL206 0.23 0.24 0.22 0.23 0.23 0.26 0.24 0.23 0.24 0.24 0.24 0.24 0.24 0.23 0.24 0.26 0.23 0.25 0.24 0.25 0.24 0.24 











 



 
 



C-466



Sample ID CRI04
0300-
MB-
B01 



CRI04
0300-
MB-
B02 



CRI04
0300-
MB-
B03 



CRI04
2500-
MB-
B01 



CRI04
2500-
MB-
B02 



CRI04
2500-
MB-
B03 



CRI05
0200-
MB-
B01 



CRI05
2300-
MB-
B01 



CRI05
2300-
MB-
B02 



CRI05
2300-
MB-
B03 



JMG02
0100-
MB-
B01 



JMG03
1500-
MB-
B02 



JMG03
1500-
MB-
B03 



JMG03
1500-
MB-
B04 



JMG03
1500-
MB-
B05 



KML-
060500
-MB-
B01 



KML0
60500-
MB-
B02 



KML0
61200-
MB-
B01 



KML0
61200-
MB-
B02 



KML0
70600-
MB-
B01 



KML0
71800-
MB-
B01 



KML0
71800-
MB-
B02 



MDL_cong
_Cl10 



0.59 0.59 0.56 0.57 0.59 0.66 0.59 0.59 0.61 0.59 0.6 0.59 0.6 0.58 0.59 0.66 0.58 0.63 0.61 0.63 0.61 0.61 



MDL209 0.59 0.59 0.56 0.57 0.59 0.66 0.59 0.59 0.61 0.59 0.6 0.59 0.6 0.58 0.59 0.66 0.58 0.63 0.61 0.63 0.61 0.61 
Sample 
Delivery 
Group 



NC22S
DG006 



NC22S
DG007 



NC22S
DG008 



NC22S
DG009 



NC22S
DG010 



NC22S
DG012



NC22S
DG011



NC22S
DG013



NC22S
DG017



NC22S
DG018



NC22S
DG001



NC22S
DG002



NC22S
DG003 



NC22S
DG004



NC22S
DG005



NC22S
DG014



NC22S
DG015



NC22S
DG016



NC22S
DG022



NC22S
DG020



NC22S
DG021



NC22S
DG023 



Sample 
Size 



0.97 0.96 1 1 0.97 0.86 0.96 0.97 0.94 0.96 0.95 0.96 0.95 0.98 0.96 0.86 0.98 0.91 0.94 0.9 0.94 0.94 



Size Units L L L L L L L L L L L L L L L L L L L L L L 



 
 
Seawater Blanks A: PCB Mass per Sample (ng) 
 
Sample 
ID 



CRI04
0300-
MB-
B01 



CRI04
0300-
MB-
B02 



CRI04
0300-
MB-
B03 



CRI04
2500-
MB-
B01 



CRI04
2500-
MB-
B02 



CRI04
2500-
MB-
B03 



CRI05
0200-
MB-
B01 



CRI05
2300-
MB-
B01 



CRI05
2300-
MB-
B02 



CRI05
2300-
MB-
B03 



JMG02
0100-
MB-
B01 



JMG03
1500-
MB-
B02 



JMG03
1500-
MB-
B03 



JMG03
1500-
MB-
B04 



JMG03
1500-
MB-
B05 



KML-
060500
-MB-
B01 



KML0
60500-
MB-
B02 



KML0
61200-
MB-
B01 



KML0
61200-
MB-
B02 



KML0
70600-
MB-
B01 



KML0
71800-
MB-
B01 



KML0
71800-
MB-
B02 



Cl1 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



Cl2 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



4.9E-
01 



PCB8 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



4.5E-
01 



Cl3 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



4.3E-
01 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB18 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB28 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



4.2E-
01 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



Cl4 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



4.6E-
01 



5.8E-
01 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



1.8E+0
1 



PCB44 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



1.5E+0
0 



PCB49 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



4.3E-
01 



5.2E-
01 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB52 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



3.2E+0
0 



PCB66 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 











 



 
 



C-467



Sample 
ID 



CRI04
0300-
MB-
B01 



CRI04
0300-
MB-
B02 



CRI04
0300-
MB-
B03 



CRI04
2500-
MB-
B01 



CRI04
2500-
MB-
B02 



CRI04
2500-
MB-
B03 



CRI05
0200-
MB-
B01 



CRI05
2300-
MB-
B01 



CRI05
2300-
MB-
B02 



CRI05
2300-
MB-
B03 



JMG02
0100-
MB-
B01 



JMG03
1500-
MB-
B02 



JMG03
1500-
MB-
B03 



JMG03
1500-
MB-
B04 



JMG03
1500-
MB-
B05 



KML-
060500
-MB-
B01 



KML0
60500-
MB-
B02 



KML0
61200-
MB-
B01 



KML0
61200-
MB-
B02 



KML0
70600-
MB-
B01 



KML0
71800-
MB-
B01 



KML0
71800-
MB-
B02 



PCB77 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



Cl5 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB87 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB10
1 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB10
5 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB11
4 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB11
8 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB12
3 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB12
6 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



Cl6 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB12
8 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB13
8 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB15
3 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB15
6 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB15
7 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB16
7 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB16
9 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



Cl7 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



4.8E+0
0 



1.2E+0
0 



6.2E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB17
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB18
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB18 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0 0.0E+0











 



 
 



C-468



Sample 
ID 



CRI04
0300-
MB-
B01 



CRI04
0300-
MB-
B02 



CRI04
0300-
MB-
B03 



CRI04
2500-
MB-
B01 



CRI04
2500-
MB-
B02 



CRI04
2500-
MB-
B03 



CRI05
0200-
MB-
B01 



CRI05
2300-
MB-
B01 



CRI05
2300-
MB-
B02 



CRI05
2300-
MB-
B03 



JMG02
0100-
MB-
B01 



JMG03
1500-
MB-
B02 



JMG03
1500-
MB-
B03 



JMG03
1500-
MB-
B04 



JMG03
1500-
MB-
B05 



KML-
060500
-MB-
B01 



KML0
60500-
MB-
B02 



KML0
61200-
MB-
B01 



KML0
61200-
MB-
B02 



KML0
70600-
MB-
B01 



KML0
71800-
MB-
B01 



KML0
71800-
MB-
B02 



3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
PCB18
4 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



7.8E-
01 



8.2E-
01 



5.2E-
01 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB18
7 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB18
9 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



Cl8 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB19
5 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



Cl9 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB20
6 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



Cl10 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



PCB20
9 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



tPCBs 0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



4.8E+0
0 



2.1E+0
0 



6.8E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



0.0E+0
0 



1.8E+0
1 



 
 
Seawater Blanks B: Analytical Results (ng/L) 
 
Sample ID 225-27B-



QC-B014 
225-
27B-
QC-
B016 



225-27B-
QC-B018 



225-
27B-
QC-
B019 



225-
27B-
QC-
B020 



225-
27B-
QC-
B021 



225-
27B-
QC-
B022 



225-
27B-
QC-
B023 



225-
27B-
QC-
B024 



225-
27B-
QC-
B025 



225-
27B-
QC-
B026 



225-
27B-
QC-
B027 



225-
27B-
QC-
B028 



225-
27B-
QC-
B030 



225-
27B-
QC-
B031 



225-
27B-
QC-
B032 



225-
27B-
QC-
B033 



225-
27B-
QC-
B034 



225-
27B-
QC-
B035 



Sample Date 8/24/00 9/7/00 10/17/00 10/19/00 11/9/00 11/29/00 3/8/01 3/9/01 3/28/01 4/19/01 4/25/01 6/21/01 7/26/01 10/2/01 11/8/01 11/29/01 12/19/01 3/6/02 5/16/02 
Units ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L Units ng/L 
Cl1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl1 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl3 0 0 0 0 0.85 0 0 0 0 0 0 0 0 0 4.3 0 0 0 0 











 



 
 



C-469



Sample ID 225-27B-
QC-B014 



225-
27B-
QC-
B016 



225-27B-
QC-B018 



225-
27B-
QC-
B019 



225-
27B-
QC-
B020 



225-
27B-
QC-
B021 



225-
27B-
QC-
B022 



225-
27B-
QC-
B023 



225-
27B-
QC-
B024 



225-
27B-
QC-
B025 



225-
27B-
QC-
B026 



225-
27B-
QC-
B027 



225-
27B-
QC-
B028 



225-
27B-
QC-
B030 



225-
27B-
QC-
B031 



225-
27B-
QC-
B032 



225-
27B-
QC-
B033 



225-
27B-
QC-
B034 



225-
27B-
QC-
B035 



Qual_Cl3 ND ND ND ND J ND ND ND ND ND ND ND ND ND J ND ND ND ND 
PCB18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB18 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB28 0 0 0 0 0.76 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB28 ND ND ND ND J ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl4 0 0 0 0 0 0 0 0 0 0 0 0 9.7 24 0 0 0 0 0 
Qual_Cl4 ND ND ND ND ND ND ND ND ND ND ND ND   ND ND ND ND ND 
PCB44 0 0 0 0 0 0 0 0 0 0 0 0 0 1.9 0 0 0 0 0 
Qual_PCB44 ND ND ND ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND 
PCB49 0 0 0 0 0 0 0 0 0 0 0 0 2.2 1.8 0 0 0 0 0 
Qual_PCB49 ND ND ND ND ND ND ND ND ND ND ND ND J J ND ND ND ND ND 
PCB52 0 0 0 0 0 0 0 0 0 0 0 0 3 3.5 0 0 0 0 0 
Qual_PCB52 ND ND ND ND ND ND ND ND ND ND ND ND J J ND ND ND ND ND 
PCB66 0 0 0 0 0 0 0 0 0 0 0 0 0 1.3 0 0 0 0 0 
Qual_PCB66 ND ND ND ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND 
PCB77 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB77 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl5 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 
Qual_Cl5 ND ND ND ND ND ND ND ND ND ND ND ND ND  ND ND ND ND ND 
PCB87 0 0 0 0 0 0 0 0 0 0 0 0 0 3.2 0 0 0 0 0 
Qual_PCB87 ND ND ND ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND 
PCB101 0 0 0 0 0 0 0 0 0 0 0 0 0 3.6 0 0 0 0 0 
Qual_PCB101 ND ND ND ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND 
PCB105 0 0 0 0 0 0 0 0 0 0 0 0 0 3.4 0 0 0 0 0 
Qual_PCB105 ND ND ND ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND 
PCB114 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB114 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB118 0 0 0 0 0 0 0 0 0 0 0 0 0 3.8 0 0 0 0 0 
Qual_PCB118 ND ND ND ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND 
PCB123 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB123 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB126 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 











 



 
 



C-470



Sample ID 225-27B-
QC-B014 



225-
27B-
QC-
B016 



225-27B-
QC-B018 



225-
27B-
QC-
B019 



225-
27B-
QC-
B020 



225-
27B-
QC-
B021 



225-
27B-
QC-
B022 



225-
27B-
QC-
B023 



225-
27B-
QC-
B024 



225-
27B-
QC-
B025 



225-
27B-
QC-
B026 



225-
27B-
QC-
B027 



225-
27B-
QC-
B028 



225-
27B-
QC-
B030 



225-
27B-
QC-
B031 



225-
27B-
QC-
B032 



225-
27B-
QC-
B033 



225-
27B-
QC-
B034 



225-
27B-
QC-
B035 



Cl6 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0 0 0 0 0 
Qual_Cl6 ND ND ND ND ND ND ND ND ND ND ND ND ND  ND ND ND ND ND 
PCB128 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB128 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB138 0 0 0 0 0 0 0 0 0 0 0 0 0 3.4 0 0 0 0 0 
Qual_PCB138 ND ND ND ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND 
PCB153 0 0 0 0 0 0 0 0 0 0 0 0 0 3.5 0 0 0 0 0 
Qual_PCB153 ND ND ND ND ND ND ND ND ND ND ND ND ND J ND ND ND ND ND 
PCB156 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB156 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB157 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB157 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB167 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB167 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB169 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB169 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB170 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB170 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB180 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB180 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB183 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB183 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB184 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB184 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB187 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB187 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB189 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB189 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB195 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 











 



 
 



C-471



Sample ID 225-27B-
QC-B014 



225-
27B-
QC-
B016 



225-27B-
QC-B018 



225-
27B-
QC-
B019 



225-
27B-
QC-
B020 



225-
27B-
QC-
B021 



225-
27B-
QC-
B022 



225-
27B-
QC-
B023 



225-
27B-
QC-
B024 



225-
27B-
QC-
B025 



225-
27B-
QC-
B026 



225-
27B-
QC-
B027 



225-
27B-
QC-
B028 



225-
27B-
QC-
B030 



225-
27B-
QC-
B031 



225-
27B-
QC-
B032 



225-
27B-
QC-
B033 



225-
27B-
QC-
B034 



225-
27B-
QC-
B035 



Qual_PCB195 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB206 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB206 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Cl10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_Cl10 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
PCB209 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Qual_PCB209 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 
Min Reporting 
Limit 



2.6 2.6 5.3 5.3 5.2 5.3 2.7 2.8 5.3 5.6 5.5 5.3 5.4 5.4 5.7 5.6 2.6 5.6 11 



MDL_cong_Cl
1 



0.52 0.52 0.53 0.53 0.52 0.53 0.27 0.28 0.53 0.56 0.55 0.53 0.54 0.54 0.57 0.56 0.26 0.56 0.56 



MDL_cong_Cl
2 



0.52 0.52 0.53 0.53 0.52 0.53 0.27 0.28 0.53 0.56 0.55 0.53 0.54 0.54 0.57 0.56 0.26 0.56 0.56 



MDL8 0.44 0.44 0.45 0.45 0.44 0.45 0.23 0.24 0.45 0.47 0.46 0.44 0.46 0.46 0.48 0.47 0.22 0.47 0.47 
MDL_cong_Cl
3 



0.52 0.52 0.53 0.53 0.52 0.53 0.27 0.28 0.53 0.56 0.55 0.53 0.54 0.54 0.57 0.56 0.26 0.56 0.56 



MDL18 0.66 0.66 0.68 0.68 0.66 0.68 0.34 0.36 0.68 0.72 0.7 0.67 0.69 0.69 0.72 0.72 0.33 0.71 0.71 
MDL28 0.55 0.55 0.56 0.56 0.55 0.56 0.28 0.3 0.56 0.59 0.58 0.55 0.57 0.57 0.6 0.59 0.27 0.58 0.58 
MDL_cong_Cl
4 



0.52 0.52 0.53 0.53 0.52 0.53 0.27 0.28 0.53 0.56 0.55 0.53 0.54 0.54 0.57 0.56 0.26 0.56 0.56 



MDL44 0.7 0.7 0.71 0.71 0.7 0.71 0.36 0.38 0.71 0.76 0.74 0.71 0.73 0.73 0.76 0.76 0.35 0.75 0.75 
MDL49 0.78 0.78 0.79 0.79 0.78 0.79 0.4 0.42 0.79 0.84 0.82 0.78 0.81 0.81 0.85 0.84 0.39 0.83 0.83 
MDL52 0.31 0.31 0.31 0.31 0.31 0.31 0.16 0.16 0.31 0.33 0.32 0.31 0.32 0.32 0.33 0.33 0.15 0.33 0.33 
MDL66 0.67 0.67 0.68 0.68 0.67 0.68 0.35 0.36 0.68 0.72 0.71 0.68 0.7 0.7 0.73 0.72 0.34 0.72 0.72 
MDL77 0.58 0.58 0.6 0.6 0.58 0.6 0.3 0.31 0.6 0.63 0.62 0.59 0.61 0.61 0.64 0.63 0.29 0.62 0.62 
MDL_cong_Cl
5 



0.52 0.52 0.53 0.53 0.52 0.53 0.27 0.28 0.53 0.56 0.55 0.53 0.54 0.54 0.57 0.56 0.26 0.56 0.56 



MDL87 0.8 0.8 0.81 0.81 0.8 0.81 0.41 0.43 0.81 0.86 0.84 0.81 0.83 0.83 0.87 0.86 0.4 0.85 0.85 
MDL101 0.38 0.38 0.38 0.38 0.38 0.38 0.19 0.2 0.38 0.41 0.4 0.38 0.39 0.39 0.41 0.41 0.19 0.4 0.4 
MDL105 0.42 0.42 0.43 0.43 0.42 0.43 0.22 0.23 0.43 0.46 0.45 0.43 0.44 0.44 0.46 0.46 0.21 0.45 0.45 
MDL114 0.71 0.71 0.72 0.72 0.71 0.72 0.36 0.38 0.72 0.76 0.74 0.71 0.74 0.74 0.77 0.76 0.35 0.75 0.75 
MDL118 0.68 0.68 0.7 0.7 0.68 0.7 0.35 0.37 0.7 0.74 0.72 0.69 0.71 0.71 0.74 0.74 0.34 0.73 0.73 
MDL123 0.8 0.8 0.82 0.82 0.8 0.82 0.42 0.43 0.82 0.87 0.85 0.81 0.84 0.84 0.88 0.87 0.4 0.86 0.86 
MDL126 0.7 0.7 0.71 0.71 0.7 0.71 0.36 0.38 0.71 0.76 0.74 0.71 0.73 0.73 0.76 0.76 0.35 0.75 0.75 











 



 
 



C-472



Sample ID 225-27B-
QC-B014 



225-
27B-
QC-
B016 



225-27B-
QC-B018 



225-
27B-
QC-
B019 



225-
27B-
QC-
B020 



225-
27B-
QC-
B021 



225-
27B-
QC-
B022 



225-
27B-
QC-
B023 



225-
27B-
QC-
B024 



225-
27B-
QC-
B025 



225-
27B-
QC-
B026 



225-
27B-
QC-
B027 



225-
27B-
QC-
B028 



225-
27B-
QC-
B030 



225-
27B-
QC-
B031 



225-
27B-
QC-
B032 



225-
27B-
QC-
B033 



225-
27B-
QC-
B034 



225-
27B-
QC-
B035 



MDL_cong_Cl
6 



0.52 0.52 0.53 0.53 0.52 0.53 0.27 0.28 0.53 0.56 0.55 0.53 0.54 0.54 0.57 0.56 0.26 0.56 0.56 



MDL128 0.26 0.26 0.26 0.26 0.26 0.26 0.13 0.14 0.26 0.28 0.27 0.26 0.27 0.27 0.28 0.28 0.13 0.28 0.28 
MDL138 0.57 0.57 0.58 0.58 0.57 0.58 0.29 0.31 0.58 0.61 0.6 0.57 0.59 0.59 0.62 0.61 0.28 0.61 0.61 
MDL153 0.28 0.28 0.28 0.28 0.28 0.28 0.14 0.15 0.28 0.3 0.29 0.28 0.29 0.29 0.3 0.3 0.14 0.3 0.3 
MDL156 0.64 0.64 0.66 0.66 0.64 0.66 0.33 0.35 0.66 0.7 0.68 0.65 0.67 0.67 0.7 0.7 0.32 0.69 0.69 
MDL157 0.63 0.63 0.65 0.65 0.63 0.65 0.33 0.34 0.65 0.68 0.67 0.64 0.66 0.66 0.69 0.68 0.32 0.68 0.68 
MDL167 0.66 0.66 0.68 0.68 0.66 0.68 0.34 0.36 0.68 0.71 0.7 0.67 0.69 0.69 0.72 0.71 0.33 0.71 0.71 
MDL169 0.61 0.61 0.63 0.63 0.61 0.63 0.32 0.33 0.63 0.66 0.65 0.62 0.64 0.64 0.67 0.66 0.31 0.66 0.66 
MDL-
cong_Cl7 



0.52 0.52 0.53 0.53 0.52 0.53 0.27 0.28 0.53 0.56 0.55 0.53 0.54 0.54 0.57 0.56 0.26 0.56 0.56 



MDL170 0.66 0.66 0.68 0.68 0.66 0.68 0.34 0.36 0.68 0.71 0.7 0.67 0.69 0.69 0.72 0.71 0.33 0.71 0.71 
MDL180 0.68 0.68 0.69 0.69 0.68 0.69 0.35 0.37 0.69 0.73 0.72 0.69 0.71 0.71 0.74 0.73 0.34 0.72 0.72 
MDL183 0.38 0.38 0.39 0.39 0.38 0.39 0.2 0.21 0.39 0.42 0.41 0.39 0.4 0.4 0.42 0.42 0.19 0.41 0.41 
MDL184 0.52 0.52 0.54 0.54 0.52 0.54 0.27 0.28 0.54 0.57 0.55 0.53 0.55 0.55 0.57 0.57 0.26 0.56 0.56 
MDL187 0.68 0.68 0.69 0.69 0.68 0.69 0.35 0.37 0.69 0.73 0.72 0.69 0.71 0.71 0.74 0.73 0.34 0.72 0.72 
MDL189 0.74 0.74 0.75 0.75 0.74 0.75 0.38 0.4 0.75 0.79 0.78 0.74 0.77 0.77 0.8 0.79 0.37 0.78 0.78 
MDL_cong_Cl
8 



0.52 0.52 0.53 0.53 0.52 0.53 0.27 0.28 0.53 0.56 0.55 0.53 0.54 0.54 0.57 0.56 0.26 0.56 0.56 



MDL195 0.61 0.61 0.62 0.62 0.61 0.62 0.31 0.33 0.62 0.65 0.64 0.61 0.63 0.63 0.66 0.65 0.3 0.65 0.65 
MDL_cong_Cl
9 



0.52 0.52 0.53 0.53 0.52 0.53 0.27 0.28 0.53 0.56 0.55 0.53 0.54 0.54 0.57 0.56 0.26 0.56 0.56 



MDL206 0.24 0.24 0.24 0.24 0.24 0.24 0.12 0.13 0.24 0.25 0.25 0.24 0.24 0.24 0.26 0.25 0.12 0.25 0.25 
MDL_cong_Cl
10 



0.59 0.59 0.61 0.61 0.59 0.61 0.31 0.32 0.61 0.64 0.63 0.6 0.62 0.62 0.65 0.64 0.3 0.63 0.63 



MDL209 0.59 0.59 0.61 0.61 0.59 0.61 0.31 0.32 0.61 0.64 0.63 0.6 0.62 0.62 0.65 0.64 0.3 0.63 0.63 
Sample 
Delivery Group 



NC22SD
G024 



NC22S
DG025 



NC28SD
G002 



NC28S
DG002 



NC28S
DG005



NC28S
DG007



NC28S
DG016



NC28S
DG016



NC28S
DG019



NC28S
DG022



NC28S
DG023 



NC34S
DG002



NC34S
DG007



NC34S
DG010



NC34S
DG012



NC34S
DG013



CSC81S
DG001



CSC81
SDG00



6 



CSC81S
DG011 



Sample Size 0.96 0.96 0.94 0.94 0.96 0.94 0.93 0.89 0.94 0.89 0.91 0.95 0.92 0.92 0.88 0.89 0.96 0.9 0.9 
Size Units L L L L L L L L L L L L L L L L L L L 



 
 
Seawater Blanks B: PCB Mass per Sample (ng) 
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Sample 
ID 



225-
27B-
QC-
B014 



225-
27B-
QC-
B016 



225-
27B-
QC-
B018 



225-
27B-
QC-
B019 



225-
27B-
QC-
B020 



225-
27B-
QC-
B021 



225-
27B-
QC-
B022 



225-
27B-
QC-
B023 



225-
27B-
QC-
B024 



225-
27B-
QC-
B025 



225-
27B-
QC-
B026 



225-
27B-
QC-
B027 



225-
27B-
QC-
B028 



225-
27B-
QC-
B030 



225-
27B-
QC-
B031 



225-
27B-
QC-
B032 



225-
27B-
QC-
B033 



225-
27B-
QC-
B034 



225-
27B-
QC-
B035 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl3 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.2E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB28 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.3E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl4 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.9E+00 2.2E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB44 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.7E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB49 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.0E+00 1.7E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB52 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.8E+00 3.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB66 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.2E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB87 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB101 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.3E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB105 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.1E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.5E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.7E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.1E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
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Sample 
ID 



225-
27B-
QC-
B014 



225-
27B-
QC-
B016 



225-
27B-
QC-
B018 



225-
27B-
QC-
B019 



225-
27B-
QC-
B020 



225-
27B-
QC-
B021 



225-
27B-
QC-
B022 



225-
27B-
QC-
B023 



225-
27B-
QC-
B024 



225-
27B-
QC-
B025 



225-
27B-
QC-
B026 



225-
27B-
QC-
B027 



225-
27B-
QC-
B028 



225-
27B-
QC-
B030 



225-
27B-
QC-
B031 



225-
27B-
QC-
B032 



225-
27B-
QC-
B033 



225-
27B-
QC-
B034 



225-
27B-
QC-
B035 



PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.2E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.9E+00 1.3E+02 3.8E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
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Data Quality Analysis 
 
 The leachate analytical chemistry data quality met or exceeded data quality objectives. At the 
conclusion of the leaching experiments, each solid-specific dataset was evaluated to verify analysis of 
the correct number and type of samples, and to ascertain whether the analytical data from each chemical 
analysis were internally consistent. The data were also inspected to ensure that all appropriate quality 
assurance/quality control procedures were followed, and that the data were scientifically or 
experimentally meaningful, from a practical leaching experiment perspective. If an issue was noted 
during this evaluation, the data were reanalyzed blindly, i.e. without any information provided to the 
analyst for the sample/data issue in question. A revised/corrected dataset then replaced the 
original/incorrect dataset, and was treated like a new dataset, i.e. subjected to the inspection process 
again. The original dataset was retained as an archived preliminary draft. Using this methodology, a high 
quality dataset for each leaching experiment was finalized for use in the data reduction and analysis 
phase. The analytical chemistry QAPP specified in this study used a performance-based QA/QC 
evaluation with ongoing quality control evaluations using standard reference materials/certified 
reference materials (SRM/CRM) and other quality checks that required repreping/reanalysis as 
corrective action if QA/QC criteria were not met. This lessens the need to have 3rd party validation as 
normally done under CLP because "unuseable" data are not reported (they are rerun instead).  Analytical 
chemistry data and associated analytical QA/QC can be found in this APPENDIX C. 



In addition to the general data quality evaluation/validation described above, an evaluation of 
uncertainty or confidence level was performed for each analyte on a congener-specific detection limit 
basis, i.e. individual congener detection and congener detection within the homolog groups. (The term 
“detection limit” is used throughout to mean sample-specific method detection limit, unless indicated 
otherwise.) In cases where a congener was detected above the sample-specific detection limit, but below 
the sample-specific minimum reporting limit (MRL), the value was marked or J-flagged, indicated less 
confidence in the value because it was below the lowest calibration standard. Congener analysis results 
below the detection limit were flagged as ND. Because a process (leaching) was being sampled and 
evaluated, much different from sampling a distribution (e.g. sampling in the natural environment), all 
experimentally determined congener and homolog data were considered valid, and used in this study as 
measured. For similar reasons, non-detected (ND) congeners and homologs were not assigned a value of 
zero, or estimated, and were thus not treated quantitatively or included as part of an experimental 
leaching curve. 



An important reason for measuring PCB homolog group concentrations with GC-MS/SIM 
method is to provide an empirical value for tPCBs by summing the measured homolog values. This 
approach is not as widely used for environmental studies because, historically, many regulatory 
sampling and analysis programs have required only the measurement of specific congeners of interest 
and subsequently an estimation of tPCBs from the environmental concentrations of those congeners was 
performed. Much of the toxicological and risk assessment information available is also centered on 
congeners and estimated tPCBs. In this effort, we were presented with the opportunity to obtain an 
empirical value for tPCBs, vice an estimation of tPCBs. Thus, to reduce this type of uncertainty, we 
measured and summed homologs for tPCBs as this provided a more accurate tPCB value.  



The data quality analysis for homologs is performed as with congener analytes (on a congener-
specific and sample specific detection limit basis) except this is only for congeners detected within each 
homolog group (mass-selected at the detector). For undetected congeners in the homolog group, as a 
reasonable estimation of the maximum congener concentration (conservative congener limit), it is 
generally accepted that the amount that could be present at undetectable levels, would be ½ the sample-
specific detection limit (DL) for that congener.[1, 2] This is derived by assuming that the likely mean 
concentration of results is randomly distributed below the detection limit with a normal distribution. For 
a homolog group, which is comprised of all congeners mass selected and detected at the molecular 
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weight for congeners in that homolog group, the contributing/present congeners in that homolog group 
need not be isolated chromatographically to quantify the total amount of that homolog group present 
(can be done if all of those congeners are specifically separated and analyzed for as target congeners). 
What this means is that non-target (not isolated chromatographically) congeners in a homolog group can 
be quantified, even for a GC peak with multiple coeluting congeners belonging to a given homolog 
group, as part of that homolog group, by molecular weight without separation into individual GC peaks. 
Rarely, if ever, are all of the possible congeners (209) distributed across all homolog groups (10) 
determined specifically in analyses of environmental samples, due to coelution of difficult-to-separate 
congeners. Because of this, it is necessary to derive an approach for estimating a conservative homolog 
upper limit, similar to that described for the conservative congener limit above.  



The algorithm developed for calculating conservative homolog limits is based on the average 
sample-specific congener DL across all (31) target congeners. A homolog DL is calculated by 
multiplying the number of possible GC peaks corresponding to both the non-detected target congeners 
and non-target congeners in a given homolog group, by this average sample-specific DL. The number of 
peaks in each homolog group is initially reduced by the number of co-eluting congeners[3, 4, 5,6] and 
reduced further by the number of detected (target) congeners. The algorithm then compares the sum of 
detected target congeners in a homolog group to the total possible congeners in that homolog group, and 
calculates the hypothetical concentration possible (conservative limit) for that homolog group. This 
estimated conservative limit is defined as the concentration where all of the congeners in the homolog 
group could be present (50% of the time) at just under their detection limit. Of the possible 209 
congeners, 31 congeners, spread across the ten homolog groups, were measured specifically in this 
study. Those detected in a given sample are used as indicated above to first decrease both the measured 
homolog group value (Equation 1) and the calculated homolog conservative limit value (Equation 2), 
giving an increased confidence to the hypothetical homolog value.  In addition, co-elution of multiple 
congeners within GC peaks (if peak not detected, multiple congeners in that peak are therefore not 
detected) was used as indicated above to decrease the hypothetical conservative limit for a homolog 
group measurement. Finally, after minimizing the conservative limit in this way, it was then compared 
to the residual homolog value to gain insight into how well the residual measured homolog value 
represents both the non-target and non-detected target congeners in the homolog group. This algorithm 
was applied to each sample analyzed in the leach rate dataset, on a sample-specific basis (based on 
sample specific detection limits) to determine a reasonable conservative limit for all non-detected and 
detected (below MDL value) homolog groups in all samples analyzed.   
 



Equation 1 



 
hhh DCVDHVRHV −=  



 
where RHVh (ng/L) is the residual homolog value for a given homolog group, DHVh (ng/L) is the 
detected homolog value for a given homolog group, and DCVh (ng/L) is the detected (target) congener 
values within a given homolog group. 



 
Equation 2 
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where EHM (ng/L) is the estimated homolog minimum for a given homolog group, #NDCh is the 
number of non-detected (target) congener peaks for a given homolog group, #NTCh is the number of 
non-target congener peaks for a given homolog group, and AvgCDLh (ng/L) is the average target 
congener sample specific MDL. The use of #NDCh and #NTCh takes into account the number of 
congeners that may co-elute in any given GC peak. (If a peak is not detected, then all co-eluting 
congeners in that peak are not detected). Results of this homolog uncertainty analysis for all leaching 
experiment data are included in the Shipboard-Solid-Specific Homolog Data Quality Evaluation and 
Validation section below. 
 
Shipboard-Solid-Specific Homologue Data Quality Evaluation and Validation 
  



As described in the Data Quality Analysis section, an additional evaluation was also developed 
and performed for each dataset by evaluating the detection on a total homologue basis. Homologue 
detection limits were calculated on a sample specific basis, using assumptions regarding the non-target-
congeners and the corresponding non-target-congener-specific detection limits. The approach used to 
estimate this quantity is outlined below. Again, for reasons described above, all experimentally 
determined homologue (and congener) data values, except for non-detects, were considered valid and 
used in this study as measured. A level of confidence evaluation was performed, but this evaluation was 
at no time used as justification for replacement of a low or non-detected analyte value with an estimated 
(more uncertain) value. Non-detect (ND) results were also validated, but no numerical value was 
assigned to them for subsequent data reduction to avoid skewing the process trend (curve) in an invalid 
manner. The homologue data quality evaluation assured that the regression analysis of leach rate curves 
would be valid.  



The following description is focused specifically on evaluating low or near detection limit 
homologue data for purposes of determining how well the measured homologue values in any given 
leachate sample represented all of the congeners (both target and non-target) in each homologue group. 
This is similar to how one would evaluate the confidence in a measured value for a single analyte 
relative to detection limit. However, several important differences exist when evaluating the confidence 
to be placed in a homologue value. Because a homologue analysis by GC-MS (SIM) is essentially a 
summation of all congener analytes separated and detected by mass as part of the homologue group as 
they come off of the chromatographic column, a sample-specific “detection limit” for a homologue 
group does not exist in the analyte sense. Rather, a homologue detection limit is based upon the 
individual detection limits for each of the congeners in the homologue group. The logical extension of 
this is an “estimated homologue minimum”, or EHM, defined as the hypothetical concentration possible 
for that homologue group using the detection limits for all congeners in the group. The EHM is equal to 
the concentration where all of the undetected target and non-target congeners (all congeners except the 
detected congeners) in the homologue group would be present, on average 50% of the time, at just 
below their detection limits. (See Equation 3 and Equation 4 in the Data Quality Analysis section.) The 
approach developed to evaluate homologue group data compares this EHM to the residual homologue 
value, or RHV, defined as the measured homologue value minus the sum of all detected target congeners 
in that homologue group. EHM values were calculated for each analytical sample and also include an 
adjustment for co-elution of multiple congeners within GC peaks for each homologue group (if peak is 
not detected, multiple congeners in that peak are therefore not detected). The EHM to RHV comparison 
was then performed to evaluate how well the RHV value represented the sum of non-target and non-
detected target congeners in the homologue group. This was especially useful for samples with very low 
or near detection limit homologue concentrations observed, providing an indicator of what the possible 
maximum homologue concentration could be in that sample.  



This algorithm was applied to each homologue value detected for the entire leaching 
concentration dataset, on a sample-specific basis, using an average of the sample-specific target 
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congener detection limits (for the 31 measured target congeners) to calculate EHM. For each leachate 
sample collected during a leaching experiment, the detected homologues, the sum of detected target 
congeners, and the calculated RHV and EHM were compared to show where the low or near detection 
limit homologues were observed in the leaching process. The homologue analysis results shown in the 
leaching-experiment-specific Figures below are only for those experiments with homologue groups that 
exhibited very low or near detection limit values at least once across the experimental leaching series; 
identifiable as those RHV values (blue bars) that were detected below the EHM (cyan bars) for that 
homologue group. This generally occurs early and/or late in the leaching experiments, when leaching 
levels are lowest (just beginning or decreased to a very low level). Homologue groups for experiments 
that never exhibited RHVs less than EHMs across the entire leaching experiment are not shown because 
these large homologue data values were considered truly representative of the homologue group. Greater 
RHVs relative to the EHM indicates greater the confidence in the measured homologue, whereas a 
larger EHM relative to RHV indicates a lower confidence in how well the measured homologue 
represents the homologue group. The homologue group upper limit can thus be estimated as the 
measured homologue value + the EHM – the RHV.  
 
Aroclor 1254 (A1254) Homologue Data Evaluation 



RHV-EHM comparisons for homologue Cl3 are shown in Figure 1 below for the A1254 control 
leaching experiment. This was the only homologue group in this leaching experiment that exhibited any 
low RHVs relative to EHMs (RHV < EHM), specifically in sample number 3. The difference between 
RHV and EHM in this sample is what would be added to the measured Cl3 homologue value to provide 
an estimated upper limit or maximum possible value for the homologue group. What this means is that 
the Cl3 leach rate calculated from the sample (#3) where RHV < EHM corresponds to where there is the 
most analytical uncertainty for homologues measured in the A1254 leaching experiment.  
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Figure 1. Cl3 homologue data evaluation for pure Aroclor 1254. 











 



 
 



C-479



 
 



 
Black Rubber Pipe Hanger Liner (BRPHL) Homologue Data Evaluation 



RHV-EHM comparison results are shown below in Figure 2 (a-c) for Cl2, Cl3, and Cl7 
homologue groups in the BRPHL leaching experiment, where a lower RHV (dark blue bars) relative to 
EHM (cyan bars) was occasionally observed (i.e. RHV < EHM) in leachate samples. The difference 
between RHV and EHM in such samples added to the measured homologue value provides an estimated 
upper limit or maximum possible homologue value. What this means is that the Cl2, Cl3,and Cl7 leach 
rates calculated from those samples where RHV < EHM corresponds to where there is the most 
analytical uncertainty for homologues measured in the BRPHL leaching experiment.  
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Figure 2 (a-c). Cl2, Cl3, and Cl7 homologue data evaluation for BRPHL. 
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Electrical Cable (EC) Homologue Data Evaluation 



RHV-EHM comparisons for homologue groups Cl3, Cl4, Cl6, and Cl7 are shown in Figure 3 (a-
d) for the EC leaching experiment. Again, in some samples, a lower RHV (dark blue bars) was present 
relative to EHM (cyan bars), i.e. RHV < EHM. The difference between RHV and EHM added to the 
measured homologue value in those samples provides an estimated upper limit provides an estimated 
upper limit or maximum possible homologue value. What this means is that the Cl3, Cl4, Cl6, and Cl7 
leach rates calculated from those samples where RHV < EHM corresponds to where there is the most 
analytical uncertainty for homologues measured in the EC leaching experiment. 
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Figure 3 (a-d). Cl3, Cl4, Cl6, and Cl7 homologue data evaluation for EC. 



 
 



 
Foam Rubber/Ensolite (FRE) Homologue Data Evaluation 



RHV-EHM comparisons for homologue groups Cl2, Cl3, Cl4, and Cl7 are shown in Figure 4 (a-
d) for the FRE leaching experiment. Samples with RHV lower than EHM are indicated where dark blue 
bars are lower than cyan bars (RHV < EHM). The difference between RHV and EHM added to the 
measured homologue value provides an estimated upper limit or maximum possible homologue value in 
such samples. What this means is that the Cl2, Cl3, Cl4, and Cl7 leach rates calculated from those 
samples where RHV < EHM corresponds to where there is the most analytical uncertainty for 
homologues measured in the FRE leaching experiment. 
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Figure 4 (a-d). Cl2, Cl3, Cl4, and Cl7 homologue data evaluation for FRE. 
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Aroclor 1268 (A1268) Homologue Data Evaluation 



RHV-EHM comparisons for homologue groups Cl2, Cl6, and Cl9 are shown in Figure 5 (a-c) for 
the A1268 leaching experiment. RHV lower than EHM occurs in samples where dark blue bars are 
lower than cyan bars (where RHV < EHM). The difference between RHV and EHM added to the 
measured homologue value provides an estimated upper limit or maximum possible homologue value in 
those samples. What this means is that the Cl2, Cl6, and Cl9 leach rates calculated from those samples 
where RHV < EHM corresponds to where there is the most analytical uncertainty for homologues 
measured in the A1268 leaching experiment. 
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Figure 5 (a-c). Cl2, Cl6, and Cl9 homologue data evaluation for A1268. 
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Bulkhead Insulation (BHI) Homologue Data Evaluation 



RHV-EHM comparisons for homologue groups Cl2, Cl3, and Cl7 are shown in Figure 6 (a-c) for 
the BHI leaching experiment, homologue groups where RHVs (dark blue bars) are occasionally lower 
than EHMs (cyan bars) in leachate samples, or RHV < EHM. The difference between RHV and EHM 
added to the measured homologue value provides an estimated upper limit or maximum possible 
homologue value in those samples. What this means is that the Cl2, Cl3, and Cl7 leach rates calculated 
from those samples where RHV < EHM corresponds to where there is the most analytical uncertainty 
for homologues measured in the BHI leaching experiment. 
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Figure 6 (a-c). Cl2, Cl3, and Cl7 homologue data evaluation for BHI. 
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Felt Gasket/Inner (FGI) Homologue Data Evaluation 



RHV-EHM comparisons for homologue groups Cl4, Cl6, Cl7, Cl9, and Cl10 are shown in Figure 
7 (a-e) for the FGI leaching experiment. These are the homologue groups where RHV < EHM, that is 
the RHVs (dark blue bars) were noted to be lower than EHMs (cyan bars) in some leachate samples. The 
difference between RHV and EHM added to the measured homologue value provides an estimated 
upper limit or maximum possible homologue value in those samples. What this means is that the Cl4, 
Cl6, Cl7, Cl9, and Cl10 leach rates calculated from those samples where RHV < EHM corresponds to 
where there is the most analytical uncertainty for homologues measured in the FGI leaching experiment. 
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Figure 7 (a-e). Cl4, Cl6, Cl7, Cl9, and Cl10 homologue data evaluation for FGI. 
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Felt Gasket/Outer (FGO) Homologue Data Evaluation 



RHV-EHM comparisons for homologue groups Cl2, Cl4, Cl6, and Cl7 are shown in Figure 8 (a-
d) for the FGO leaching experiment. RHV (dark blue bars) was lower than EHM (cyan bars) in some 
leachate samples, meaning RHV < EHM. The difference between RHV and EHM added to the 
measured homologue value provides an estimated upper limit or maximum possible homologue value in 
such samples. What this means is that the Cl2, Cl4, Cl6, and Cl7 leach rates calculated from those 
samples where RHV < EHM corresponds to where there is the most analytical uncertainty for 
homologues measured in the FGO leaching experiment. 
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Figure 8 (a-d). Cl2, Cl4, Cl6, and Cl7 homologue data evaluation for FGO. 



 
 



 
Aluminized Paint (AP) Homologue Data Evaluation 



RHV-EHM comparisons for homologue groups Cl3, Cl4, Cl5, Cl6, and Cl7 are shown in Figure 
9 (a-e) for the AP leaching experiment. The figures show where RHV < EHM, or RHV (dark blue bars) 
is lower than EHM (cyan bars) in some of the leachate samples. The difference between RHV and EHM 
added to the measured homologue value provides an estimated upper limit or maximum possible 
homologue value in those samples. What this means is that the Cl3, Cl4, Cl5, Cl6, and Cl7 leach rates 
calculated from those samples where RHV < EHM corresponds to where there is the most analytical 
uncertainty for homologues measured in the AP leaching experiment. 
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Figure 9 (a-e). Cl3, Cl4, Cl5, Cl6, and Cl7 homologue data evaluation for AP. 
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APPENDIX D: DATASET FOR LABORATORY SIMULATED SHALLOW-WATER LEACHING STUDY 



 
 



Leaching results for each of the materials tested are tabulated below. Multiple data sections as a function of leaching time are included for each solid 
tested and correspond to cumulative PCB concentrations over time (ng/L), and average leach rates (ng/g shipboard solid-day) calculated for intervals 
between listed leaching times, and normalized to the mass of shipboard solid tested, as described in the  Leach Rate Calculations section. Cumulative 
leaching concentrations are calculated for the total leachate exposure volume for each shipboard solid leaching experiment as included in each 
subsection of the Shipboard Solid Specific Leaching Data section.  
 
Aroclor 1254 (A1254) Results 
 
Cumulative Leaching Concentration (ng/L) 
 
Leaching 
Time 
(days) 



0.002 1.026 6.057 21.291 42.298 62.093 69.284 111.084 146.056 188.067 230.049 286.074 330.526 370.053 433.287 



sampling 
time (∆t) 



0.002 1.024 5.031 15.234 21.007 19.795 7.191 41.8 34.972 42.011 41.982 56.025 44.452 39.527 63.234 



Cl1 0.0E+00 8.6E-01 4.4E+00 1.1E+01 1.7E+01 2.4E+01 2.6E+01 3.1E+01 3.6E+01 4.0E+01 4.4E+01 4.8E+01 5.2E+01 5.4E+01 5.6E+01 
Cl2 0.0E+00 2.5E+00 1.2E+01 3.2E+01 5.3E+01 7.2E+01 8.1E+01 1.0E+02 1.2E+02 1.4E+02 1.5E+02 1.7E+02 1.9E+02 2.0E+02 2.1E+02 
PCB8 0.0E+00 6.2E-01 4.4E+00 1.3E+01 2.1E+01 3.0E+01 3.4E+01 4.4E+01 5.2E+01 5.9E+01 6.6E+01 7.3E+01 8.0E+01 8.5E+01 9.1E+01 
Cl3 0.0E+00 7.9E-01 7.3E+00 2.4E+01 4.1E+01 6.0E+01 7.2E+01 9.4E+01 1.1E+02 1.3E+02 1.5E+02 1.6E+02 1.8E+02 1.9E+02 2.1E+02 
PCB18 0.0E+00 3.1E-01 2.7E+00 8.6E+00 1.6E+01 2.2E+01 2.6E+01 3.4E+01 4.2E+01 4.8E+01 5.4E+01 6.1E+01 6.9E+01 7.4E+01 8.0E+01 
PCB28 0.0E+00 1.7E-01 2.2E+00 7.7E+00 1.4E+01 2.0E+01 2.5E+01 3.3E+01 3.9E+01 4.4E+01 5.0E+01 5.4E+01 5.8E+01 6.0E+01 6.3E+01 
Cl4 0.0E+00 2.0E+00 4.3E+01 2.0E+02 4.4E+02 7.0E+02 9.4E+02 1.3E+03 1.6E+03 1.8E+03 2.2E+03 2.4E+03 2.7E+03 2.8E+03 3.0E+03 
PCB44 0.0E+00 4.0E-01 9.0E+00 3.8E+01 8.0E+01 1.3E+02 1.6E+02 2.1E+02 2.4E+02 2.9E+02 3.4E+02 3.9E+02 4.3E+02 4.6E+02 4.9E+02 
PCB49 0.0E+00 1.3E-01 3.2E+00 1.5E+01 3.1E+01 5.2E+01 6.8E+01 8.9E+01 1.1E+02 1.2E+02 1.5E+02 1.6E+02 1.8E+02 1.9E+02 2.0E+02 
PCB52 0.0E+00 7.3E-01 1.9E+01 8.0E+01 1.8E+02 2.8E+02 3.6E+02 4.6E+02 5.4E+02 6.3E+02 7.5E+02 8.3E+02 9.2E+02 9.9E+02 1.0E+03 
PCB66 0.0E+00 0.0E+00 4.9E-01 3.5E+00 8.8E+00 1.6E+01 2.6E+01 3.2E+01 3.9E+01 4.5E+01 5.9E+01 6.3E+01 6.7E+01 6.8E+01 7.1E+01 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.4E-02 9.4E-02 9.4E-02 9.4E-02 9.4E-02 9.4E-02 9.4E-02 9.4E-02 9.4E-02 9.4E-02 
Cl5 0.0E+00 0.0E+00 8.6E+00 7.3E+01 2.3E+02 4.4E+02 7.3E+02 1.1E+03 1.3E+03 1.5E+03 2.1E+03 2.3E+03 2.4E+03 2.5E+03 2.6E+03 
PCB87 0.0E+00 0.0E+00 3.8E-01 4.2E+00 1.5E+01 3.1E+01 5.0E+01 7.0E+01 8.3E+01 9.9E+01 1.4E+02 1.6E+02 1.7E+02 1.7E+02 1.8E+02 
PCB101 0.0E+00 0.0E+00 6.6E-01 7.3E+00 2.5E+01 4.7E+01 7.0E+01 9.6E+01 1.1E+02 1.4E+02 2.0E+02 2.3E+02 2.5E+02 2.6E+02 2.7E+02 
PCB105 0.0E+00 0.0E+00 4.6E-02 6.6E-01 3.2E+00 7.5E+00 1.3E+01 2.0E+01 2.4E+01 2.9E+01 4.3E+01 4.6E+01 4.8E+01 4.9E+01 4.9E+01 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.3E-01 2.3E-01 5.6E-01 7.5E-01 1.0E+00 1.6E+00 1.6E+00 1.6E+00 1.6E+00 1.6E+00 
PCB118 0.0E+00 0.0E+00 9.3E-02 1.6E+00 7.2E+00 1.7E+01 3.1E+01 4.6E+01 5.7E+01 6.8E+01 9.7E+01 1.0E+02 1.1E+02 1.1E+02 1.1E+02 
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Leaching 
Time 
(days) 



0.002 1.026 6.057 21.291 42.298 62.093 69.284 111.084 146.056 188.067 230.049 286.074 330.526 370.053 433.287 



PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.4E-01 9.4E-01 9.4E-01 9.4E-01 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 2.0E+00 1.2E+01 2.8E+01 5.7E+01 1.0E+02 1.3E+02 1.6E+02 2.3E+02 2.7E+02 2.9E+02 3.0E+02 3.1E+02 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E-01 8.0E-01 1.6E+00 2.7E+00 3.4E+00 4.6E+00 7.7E+00 8.8E+00 9.5E+00 9.5E+00 9.9E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 1.3E-01 1.2E+00 3.3E+00 6.5E+00 1.2E+01 1.5E+01 2.0E+01 3.3E+01 3.7E+01 4.0E+01 4.1E+01 4.2E+01 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.9E-01 3.9E-01 4.4E+00 6.7E+00 8.2E+00 1.4E+01 2.8E+01 3.3E+01 3.6E+01 3.6E+01 3.8E+01 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E-01 1.2E-01 4.7E-01 6.5E-01 9.7E-01 1.7E+00 2.0E+00 2.2E+00 2.2E+00 2.2E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.3E-02 7.3E-02 1.7E-01 1.7E-01 1.7E-01 1.7E-01 1.7E-01 1.7E-01 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.9E-02 9.9E-02 9.9E-02 3.6E-01 3.6E-01 3.6E-01 3.6E-01 3.6E-01 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.6E+00 4.6E+00 4.6E+00 4.6E+00 4.6E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.6E-01 2.6E-01 2.6E-01 2.6E-01 2.6E-01 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 6.1E+00 7.5E+01 3.4E+02 8.0E+02 1.3E+03 1.9E+03 2.7E+03 3.4E+03 3.8E+03 4.9E+03 5.4E+03 5.8E+03 6.1E+03 6.4E+03 



 
 
Dissolution Rate (ng/g shipboard solid-day) 
 
Leaching 
Time 
(days) 



0.002 1.026 6.057 21.291 42.298 62.093 69.284 111.084 146.056 188.067 230.049 286.074 330.526 370.053 433.287 



sampling 
time (∆t) 



0.002 1.024 5.031 15.234 21.007 19.795 7.191 41.8 34.972 42.011 41.982 56.025 44.452 39.527 63.234 



Cl1 0.0E+00 5.5E+02 4.6E+02 2.9E+02 2.0E+02 2.1E+02 2.1E+02 8.6E+01 8.3E+01 6.6E+01 5.4E+01 5.2E+01 6.0E+01 3.1E+01 2.7E+01 
Cl2 0.0E+00 1.6E+03 1.2E+03 8.8E+02 6.4E+02 6.5E+02 8.0E+02 3.4E+02 3.4E+02 2.6E+02 2.5E+02 2.0E+02 2.8E+02 1.9E+02 1.4E+02 
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Leaching 
Time 
(days) 



0.002 1.026 6.057 21.291 42.298 62.093 69.284 111.084 146.056 188.067 230.049 286.074 330.526 370.053 433.287 



PCB8 0.0E+00 4.0E+02 4.9E+02 3.5E+02 2.8E+02 2.9E+02 3.9E+02 1.5E+02 1.5E+02 1.2E+02 1.0E+02 8.7E+01 1.1E+02 8.3E+01 5.6E+01 
Cl3 0.0E+00 5.1E+02 8.5E+02 7.0E+02 5.6E+02 6.2E+02 1.1E+03 3.4E+02 3.5E+02 2.7E+02 3.0E+02 1.7E+02 2.5E+02 1.9E+02 1.3E+02 
PCB18 0.0E+00 2.0E+02 3.1E+02 2.5E+02 2.2E+02 2.2E+02 3.6E+02 1.3E+02 1.4E+02 1.0E+02 9.9E+01 7.9E+01 1.2E+02 8.8E+01 5.9E+01 
PCB28 0.0E+00 1.1E+02 2.7E+02 2.4E+02 1.9E+02 2.2E+02 4.4E+02 1.1E+02 1.2E+02 8.2E+01 9.7E+01 4.6E+01 5.5E+01 3.8E+01 3.0E+01 
Cl4 0.0E+00 1.3E+03 5.4E+03 6.7E+03 7.6E+03 8.5E+03 2.3E+04 5.7E+03 6.0E+03 3.4E+03 6.1E+03 2.5E+03 3.2E+03 2.6E+03 1.9E+03 
PCB44 0.0E+00 2.6E+02 1.1E+03 1.3E+03 1.3E+03 1.5E+03 3.2E+03 7.8E+02 6.0E+02 7.0E+02 8.5E+02 5.4E+02 6.1E+02 5.6E+02 2.4E+02 
PCB49 0.0E+00 8.1E+01 4.1E+02 5.3E+02 5.0E+02 6.7E+02 1.5E+03 3.2E+02 3.3E+02 2.5E+02 4.3E+02 1.7E+02 2.3E+02 1.8E+02 1.1E+02 
PCB52 0.0E+00 4.7E+02 2.3E+03 2.7E+03 3.2E+03 3.3E+03 6.7E+03 1.7E+03 1.4E+03 1.5E+03 1.9E+03 9.4E+02 1.4E+03 1.1E+03 6.3E+02 
PCB66 0.0E+00 0.0E+00 6.4E+01 1.3E+02 1.7E+02 2.4E+02 8.6E+02 1.0E+02 1.3E+02 1.0E+02 2.1E+02 5.3E+01 5.9E+01 1.6E+01 2.7E+01 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.1E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 1.1E+03 2.8E+03 5.0E+03 6.9E+03 2.6E+04 5.3E+03 5.2E+03 3.0E+03 8.6E+03 2.1E+03 2.4E+03 1.6E+03 1.2E+03 
PCB87 0.0E+00 0.0E+00 5.0E+01 1.7E+02 3.4E+02 5.1E+02 1.8E+03 3.1E+02 2.5E+02 2.5E+02 6.4E+02 1.7E+02 1.8E+02 8.3E+01 7.7E+01 
PCB101 0.0E+00 0.0E+00 8.7E+01 2.9E+02 5.6E+02 7.1E+02 2.1E+03 4.1E+02 2.6E+02 4.3E+02 1.0E+03 2.8E+02 2.8E+02 1.6E+02 1.3E+02 
PCB105 0.0E+00 0.0E+00 6.1E+00 2.7E+01 8.0E+01 1.4E+02 5.3E+02 1.0E+02 7.3E+01 8.8E+01 2.1E+02 3.9E+01 3.2E+01 9.1E+00 8.4E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.8E+00 0.0E+00 5.1E+00 3.5E+00 4.7E+00 8.7E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 1.2E+01 6.4E+01 1.7E+02 3.3E+02 1.2E+03 2.5E+02 1.9E+02 1.8E+02 4.6E+02 7.9E+01 6.1E+01 1.8E+01 1.5E+01 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.1E+01 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 8.8E+01 3.2E+02 5.3E+02 2.6E+03 6.8E+02 5.5E+02 4.0E+02 1.2E+03 3.7E+02 3.5E+02 1.6E+02 1.4E+02 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.2E+00 1.7E+01 7.4E+01 1.8E+01 1.3E+01 1.9E+01 4.9E+01 1.3E+01 9.9E+00 0.0E+00 4.3E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 5.6E+00 3.2E+01 7.1E+01 2.9E+02 8.1E+01 6.0E+01 7.2E+01 2.2E+02 4.6E+01 3.9E+01 1.1E+01 1.2E+01 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E+01 0.0E+00 3.7E+02 3.7E+01 2.8E+01 8.5E+01 2.3E+02 5.3E+01 4.8E+01 4.2E+00 1.4E+01 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.0E+00 0.0E+00 5.5E+00 3.4E+00 5.0E+00 1.1E+01 3.5E+00 2.8E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.1E+00 0.0E+00 1.5E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.6E+00 0.0E+00 0.0E+00 4.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.2E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.2E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



D-4



Leaching 
Time 
(days) 



0.002 1.026 6.057 21.291 42.298 62.093 69.284 111.084 146.056 188.067 230.049 286.074 330.526 370.053 433.287 



PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 3.9E+03 9.0E+03 1.1E+04 1.4E+04 1.7E+04 5.4E+04 1.3E+04 1.3E+04 7.4E+03 1.7E+04 5.4E+03 6.5E+03 4.7E+03 3.5E+03 



 
 
Black Rubber Pipe Hanger Liner (BRPHL) Results 
 
Cumulative Leaching Concentration (ng/L) 
 
Leaching 
Time 
(days) 



0.006 1.169 7.074 14.081 28.153 49.204 69.272 104.181 146.122 188.072 230.109 286.142 328.083 370.110 398.072 475.124 



sampling 
time (∆t) 



0.006 1.163 5.905 7.007 14.072 21.051 20.068 34.909 41.941 41.95 42.037 56.033 41.941 42.027 27.962 77.052 



Cl1 0.0E+00 0.0E+00 3.4E-01 3.4E-01 8.7E-01 1.5E+00 1.5E+00 2.4E+00 3.2E+00 4.0E+00 4.7E+00 5.8E+00 6.6E+00 7.3E+00 7.8E+00 8.8E+00 
Cl2 0.0E+00 0.0E+00 9.3E-01 3.7E+00 4.4E+00 4.5E+00 4.6E+00 5.7E+00 6.9E+00 7.6E+00 7.7E+00 7.8E+00 8.3E+00 9.0E+00 1.0E+01 1.1E+01 
PCB8 0.0E+00 0.0E+00 4.6E-02 1.1E-01 1.8E-01 2.8E-01 3.6E-01 4.8E-01 6.1E-01 7.0E-01 7.8E-01 9.0E-01 9.8E-01 1.1E+00 1.2E+00 1.3E+00 
Cl3 0.0E+00 0.0E+00 3.9E-01 9.2E-01 1.6E+00 2.1E+00 2.8E+00 3.7E+00 5.0E+00 5.8E+00 8.7E+00 1.2E+01 1.2E+01 1.3E+01 1.3E+01 1.5E+01 
PCB18 0.0E+00 0.0E+00 6.1E-02 1.4E-01 2.1E-01 3.4E-01 4.3E-01 6.1E-01 7.7E-01 8.8E-01 1.0E+00 1.1E+00 1.2E+00 1.4E+00 1.5E+00 1.7E+00 
PCB28 0.0E+00 0.0E+00 8.7E-02 2.0E-01 3.2E-01 5.4E-01 7.0E-01 9.0E-01 1.4E+00 1.6E+00 1.9E+00 1.9E+00 1.9E+00 2.0E+00 2.1E+00 2.1E+00 
Cl4 0.0E+00 0.0E+00 1.4E+00 3.4E+00 6.4E+00 1.1E+01 1.6E+01 2.2E+01 2.7E+01 3.1E+01 3.5E+01 3.7E+01 4.0E+01 4.2E+01 4.5E+01 4.9E+01 
PCB44 0.0E+00 0.0E+00 1.9E-01 5.5E-01 1.0E+00 1.7E+00 2.4E+00 3.3E+00 4.2E+00 4.9E+00 5.5E+00 5.9E+00 6.4E+00 6.9E+00 7.3E+00 7.9E+00 
PCB49 0.0E+00 0.0E+00 1.1E-01 2.8E-01 4.7E-01 7.6E-01 1.0E+00 1.4E+00 1.7E+00 2.0E+00 2.2E+00 2.3E+00 2.4E+00 2.6E+00 2.8E+00 2.9E+00 
PCB52 0.0E+00 0.0E+00 3.5E-01 1.1E+00 2.1E+00 3.4E+00 4.9E+00 6.6E+00 8.3E+00 9.6E+00 1.1E+01 1.2E+01 1.3E+01 1.4E+01 1.5E+01 1.6E+01 
PCB66 0.0E+00 0.0E+00 2.2E-02 7.4E-02 1.4E-01 2.6E-01 4.1E-01 6.0E-01 7.4E-01 8.4E-01 9.6E-01 9.8E-01 1.0E+00 1.1E+00 1.2E+00 1.3E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 1.1E+00 2.1E+00 4.7E+00 7.2E+00 1.1E+01 1.6E+01 2.2E+01 2.5E+01 2.8E+01 2.9E+01 3.1E+01 3.2E+01 3.4E+01 3.7E+01 
PCB87 0.0E+00 0.0E+00 0.0E+00 5.5E-02 1.7E-01 3.3E-01 5.8E-01 8.4E-01 1.1E+00 1.3E+00 1.5E+00 1.5E+00 1.5E+00 1.7E+00 1.7E+00 1.7E+00 
PCB101 0.0E+00 0.0E+00 3.9E-02 1.5E-01 4.0E-01 7.1E-01 1.1E+00 1.6E+00 2.1E+00 2.4E+00 2.7E+00 2.8E+00 3.0E+00 3.1E+00 3.2E+00 3.4E+00 
PCB105 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.0E-02 1.5E-01 1.5E-01 2.7E-01 2.7E-01 2.7E-01 2.7E-01 3.1E-01 3.1E-01 3.1E-01 3.1E-01 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



D-5



Leaching 
Time 
(days) 



0.006 1.169 7.074 14.081 28.153 49.204 69.272 104.181 146.122 188.072 230.109 286.142 328.083 370.110 398.072 475.124 



PCB118 0.0E+00 0.0E+00 0.0E+00 3.2E-02 1.4E-01 3.0E-01 5.7E-01 8.7E-01 1.2E+00 1.2E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 3.3E-01 6.3E-01 1.2E+00 1.7E+00 1.7E+00 1.7E+00 1.7E+00 1.7E+00 1.7E+00 1.7E+00 1.7E+00 1.7E+00 1.7E+00 1.7E+00 1.7E+00 1.7E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 5.1E-02 1.0E-01 1.6E-01 2.3E-01 2.3E-01 2.3E-01 2.3E-01 2.3E-01 2.3E-01 2.3E-01 2.3E-01 2.3E-01 2.3E-01 2.3E-01 2.3E-01 2.3E-01 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 3.3E-01 6.3E-01 5.4E+00 1.2E+01 2.0E+01 2.8E+01 3.8E+01 5.1E+01 6.6E+01 7.5E+01 8.6E+01 9.3E+01 9.9E+01 1.1E+02 1.1E+02 1.2E+02 



 
 
Leach Rate (ng/g shipboard solid-day) 
 
Leaching 
Time 
(days) 



0.006 1.169 7.074 14.081 28.153 49.204 69.272 104.181 146.122 188.072 230.109 286.142 328.083 370.110 398.072 475.124 



sampling 
time (∆t) 



0.006 1.163 5.905 7.007 14.072 21.051 20.068 34.909 41.941 41.95 42.037 56.033 41.941 42.027 27.962 77.052 











 



 
 



D-6



Leaching 
Time 
(days) 



0.006 1.169 7.074 14.081 28.153 49.204 69.272 104.181 146.122 188.072 230.109 286.142 328.083 370.110 398.072 475.124 



Cl1 0.0E+00 0.0E+00 2.9E-01 0.0E+00 1.9E-01 1.5E-01 0.0E+00 1.3E-01 1.1E-01 9.1E-02 8.3E-02 1.0E-01 9.1E-02 9.1E-02 8.1E-02 7.0E-02 
Cl2 0.0E+00 0.0E+00 8.0E-01 2.0E+00 2.5E-01 2.4E-02 2.3E-02 1.6E-01 1.5E-01 9.1E-02 9.8E-03 1.2E-02 5.6E-02 8.4E-02 1.8E-01 5.4E-02 
PCB8 0.0E+00 0.0E+00 4.0E-02 4.5E-02 2.5E-02 2.4E-02 2.1E-02 1.7E-02 1.6E-02 1.1E-02 9.8E-03 1.1E-02 9.9E-03 1.2E-02 1.5E-02 8.7E-03 
Cl3 0.0E+00 0.0E+00 3.4E-01 3.8E-01 2.3E-01 1.2E-01 1.8E-01 1.3E-01 1.6E-01 9.9E-02 3.5E-01 2.6E-01 5.3E-02 7.3E-02 1.4E-01 9.1E-02 
PCB18 0.0E+00 0.0E+00 5.2E-02 5.5E-02 2.8E-02 3.0E-02 2.4E-02 2.6E-02 1.9E-02 1.4E-02 1.6E-02 1.1E-02 1.3E-02 1.4E-02 2.4E-02 1.2E-02 
PCB28 0.0E+00 0.0E+00 7.5E-02 8.3E-02 4.1E-02 5.5E-02 4.0E-02 3.0E-02 6.3E-02 1.7E-02 4.3E-02 0.0E+00 0.0E+00 1.4E-02 1.5E-02 0.0E+00 
Cl4 0.0E+00 0.0E+00 1.2E+00 1.5E+00 1.1E+00 1.0E+00 1.4E+00 7.8E-01 6.6E-01 4.7E-01 4.4E-01 2.2E-01 2.9E-01 3.3E-01 4.3E-01 2.6E-01 
PCB44 0.0E+00 0.0E+00 1.6E-01 2.6E-01 1.8E-01 1.7E-01 1.8E-01 1.3E-01 1.1E-01 8.4E-02 6.8E-02 4.1E-02 5.7E-02 5.6E-02 8.0E-02 4.1E-02 
PCB49 0.0E+00 0.0E+00 9.6E-02 1.2E-01 6.9E-02 7.0E-02 7.0E-02 5.3E-02 4.0E-02 3.0E-02 2.3E-02 1.3E-02 1.6E-02 2.1E-02 2.6E-02 1.2E-02 
PCB52 0.0E+00 0.0E+00 3.1E-01 5.1E-01 3.7E-01 3.3E-01 3.7E-01 2.5E-01 2.1E-01 1.6E-01 1.4E-01 9.0E-02 1.2E-01 1.1E-01 1.6E-01 8.3E-02 
PCB66 0.0E+00 0.0E+00 1.9E-02 3.8E-02 2.5E-02 2.9E-02 3.7E-02 2.7E-02 1.8E-02 1.1E-02 1.5E-02 2.3E-03 4.6E-03 7.6E-03 1.8E-02 5.0E-03 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 9.6E-01 7.4E-01 9.2E-01 6.1E-01 1.0E+00 7.3E-01 6.6E-01 4.0E-01 4.0E-01 8.5E-02 2.1E-01 1.7E-01 3.5E-01 1.8E-01 
PCB87 0.0E+00 0.0E+00 0.0E+00 4.0E-02 4.1E-02 3.9E-02 6.4E-02 3.8E-02 3.3E-02 2.1E-02 2.0E-02 0.0E+00 1.1E-02 1.4E-02 0.0E+00 0.0E+00 
PCB101 0.0E+00 0.0E+00 3.4E-02 8.3E-02 8.9E-02 7.4E-02 1.1E-01 7.3E-02 5.8E-02 3.6E-02 3.5E-02 1.2E-02 1.9E-02 1.8E-02 1.6E-02 1.0E-02 
PCB105 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E-02 2.4E-02 0.0E+00 1.5E-02 0.0E+00 0.0E+00 0.0E+00 4.1E-03 0.0E+00 0.0E+00 0.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 2.4E-02 3.9E-02 3.8E-02 7.0E-02 4.3E-02 3.5E-02 0.0E+00 1.4E-02 0.0E+00 7.3E-03 0.0E+00 0.0E+00 0.0E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 2.7E+02 1.3E+00 5.0E-01 3.5E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 4.1E+01 2.2E-01 4.8E-02 5.1E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



D-7



Leaching 
Time 
(days) 



0.006 1.169 7.074 14.081 28.153 49.204 69.272 104.181 146.122 188.072 230.109 286.142 328.083 370.110 398.072 475.124 



PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 2.7E+02 1.3E+00 4.1E+00 5.0E+00 2.7E+00 2.0E+00 2.7E+00 1.9E+00 1.7E+00 1.1E+00 1.3E+00 6.8E-01 6.9E-01 7.5E-01 1.2E+00 6.6E-01 



 
 
Electrical Cable (EC) Results 
 
Cumulative Leaching Concentration (ng/L) 
 
Leaching 
Time 
(days) 



0.003 1.077 6.009 20.035 40.989 62.235 90.010 125.028 166.998 208.968 250.982 300.024 341.964 383.993 411.955 474.981 



sampling 
time (∆t) 



0.003 1.074 4.932 14.026 20.954 21.246 27.775 35.018 41.97 41.97 42.014 49.042 41.94 42.029 27.962 63.026 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 3.0E+00 3.0E+00 3.4E+00 3.4E+00 4.6E+00 4.6E+00 4.6E+00 4.6E+00 4.6E+00 4.6E+00 4.6E+00 4.6E+00 4.6E+00 4.6E+00 
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl3 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.9E-02 3.9E-02 3.9E-02 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 
PCB18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.6E-02 2.6E-02 2.6E-02 2.6E-02 2.6E-02 2.6E-02 2.6E-02 2.6E-02 2.6E-02 2.6E-02 2.6E-02 2.6E-02 
PCB28 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.6E-02 9.6E-02 9.6E-02 9.6E-02 9.6E-02 9.6E-02 9.6E-02 9.6E-02 9.6E-02 
Cl4 0.0E+00 0.0E+00 5.3E-01 2.1E+00 4.6E+00 6.5E+00 8.7E+00 1.1E+01 1.4E+01 1.7E+01 1.9E+01 2.1E+01 2.3E+01 2.7E+01 3.0E+01 3.2E+01 
PCB44 0.0E+00 0.0E+00 1.1E-01 3.8E-01 7.0E-01 1.1E+00 1.4E+00 1.9E+00 2.3E+00 2.7E+00 3.0E+00 3.3E+00 3.6E+00 4.1E+00 4.5E+00 4.8E+00 
PCB49 0.0E+00 0.0E+00 6.2E-02 1.7E-01 2.9E-01 4.0E-01 5.2E-01 6.4E-01 7.5E-01 8.9E-01 1.0E+00 1.0E+00 1.1E+00 1.3E+00 1.4E+00 1.5E+00 
PCB52 0.0E+00 0.0E+00 1.9E-01 7.2E-01 1.4E+00 2.1E+00 2.7E+00 3.6E+00 4.4E+00 5.3E+00 6.1E+00 6.8E+00 7.5E+00 8.7E+00 9.4E+00 1.0E+01 
PCB66 0.0E+00 0.0E+00 0.0E+00 5.2E-02 1.3E-01 2.2E-01 2.6E-01 3.3E-01 4.2E-01 5.3E-01 6.1E-01 6.6E-01 7.3E-01 8.4E-01 9.4E-01 9.4E-01 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.6E-02 9.6E-02 9.6E-02 9.6E-02 9.6E-02 9.6E-02 9.6E-02 9.6E-02 9.6E-02 
Cl5 0.0E+00 0.0E+00 1.1E+00 3.1E+00 7.2E+00 1.1E+01 1.5E+01 1.9E+01 2.5E+01 3.0E+01 3.4E+01 3.5E+01 3.8E+01 4.2E+01 4.7E+01 5.0E+01 
PCB87 0.0E+00 0.0E+00 0.0E+00 1.2E-01 3.0E-01 5.4E-01 7.6E-01 1.1E+00 1.3E+00 1.5E+00 1.8E+00 1.8E+00 2.0E+00 2.4E+00 2.7E+00 2.8E+00 
PCB101 0.0E+00 0.0E+00 5.7E-02 2.6E-01 6.1E-01 1.0E+00 1.4E+00 2.1E+00 2.5E+00 2.9E+00 3.2E+00 3.4E+00 3.8E+00 4.4E+00 4.8E+00 5.0E+00 











 



 
 



D-8



Leaching 
Time 
(days) 



0.003 1.077 6.009 20.035 40.989 62.235 90.010 125.028 166.998 208.968 250.982 300.024 341.964 383.993 411.955 474.981 



PCB105 0.0E+00 0.0E+00 0.0E+00 5.3E-02 1.4E-01 2.4E-01 3.4E-01 5.3E-01 6.3E-01 6.3E-01 7.2E-01 7.2E-01 7.9E-01 9.5E-01 9.5E-01 9.5E-01 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 1.1E-01 3.4E-01 6.2E-01 9.4E-01 1.4E+00 1.6E+00 1.8E+00 2.0E+00 2.0E+00 2.1E+00 2.5E+00 2.6E+00 2.6E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 1.7E-01 1.2E+00 1.2E+00 2.5E+00 5.1E+00 6.9E+00 6.9E+00 6.9E+00 6.9E+00 7.6E+00 8.9E+00 8.9E+00 8.9E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.8E-02 4.8E-02 1.8E-01 3.5E-01 4.5E-01 4.5E-01 4.5E-01 4.5E-01 5.2E-01 7.1E-01 7.1E-01 7.1E-01 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.1E-01 3.1E-01 4.8E-01 4.8E-01 4.8E-01 4.8E-01 5.5E-01 7.2E-01 7.2E-01 7.2E-01 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 0.0E+00 2.2E-01 7.8E-01 7.8E-01 7.8E-01 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 4.7E-02 8.8E-02 8.8E-02 8.8E-02 1.3E-01 1.3E-01 1.3E-01 1.3E-01 1.3E-01 1.3E-01 1.3E-01 1.3E-01 1.3E-01 1.3E-01 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.0E-01 1.0E-01 1.0E-01 1.0E-01 1.0E-01 1.0E-01 1.0E-01 1.0E-01 1.0E-01 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.0E-02 9.0E-02 9.0E-02 9.0E-02 9.0E-02 9.0E-02 9.0E-02 9.0E-02 9.0E-02 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.0E-02 9.0E-02 9.0E-02 9.0E-02 9.0E-02 9.0E-02 9.0E-02 9.0E-02 9.0E-02 
tPCBs 0.0E+00 0.0E+00 4.9E+00 9.2E+00 1.7E+01 2.3E+01 3.2E+01 4.1E+01 5.2E+01 6.0E+01 6.6E+01 6.9E+01 7.5E+01 8.4E+01 9.2E+01 9.7E+01 



 
 
Leach Rate (ng/g shipboard solid-day) 
 
Leaching 
Time 
(days) 



0.003 1.077 6.009 20.035 40.989 62.235 90.010 125.028 166.998 208.968 250.982 300.024 341.964 383.993 411.955 474.981 











 



 
 



D-9



Leaching 
Time 
(days) 



0.003 1.077 6.009 20.035 40.989 62.235 90.010 125.028 166.998 208.968 250.982 300.024 341.964 383.993 411.955 474.981 



sampling 
time (∆t) 



0.003 1.074 4.932 14.026 20.954 21.246 27.775 35.018 41.97 41.97 42.014 49.042 41.94 42.029 27.962 63.026 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 3.4E-01 0.0E+00 9.9E-03 0.0E+00 2.2E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl3 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.0E-03 0.0E+00 0.0E+00 1.9E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 6.8E-04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB28 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl4 0.0E+00 0.0E+00 5.9E-02 6.1E-02 6.5E-02 5.1E-02 4.2E-02 4.0E-02 3.6E-02 3.3E-02 3.2E-02 2.5E-02 2.7E-02 4.3E-02 5.8E-02 2.1E-02 
PCB44 0.0E+00 0.0E+00 1.2E-02 1.1E-02 8.4E-03 9.9E-03 7.0E-03 6.4E-03 5.5E-03 5.1E-03 4.6E-03 3.0E-03 4.3E-03 6.3E-03 6.9E-03 2.7E-03 
PCB49 0.0E+00 0.0E+00 6.8E-03 4.2E-03 3.1E-03 2.9E-03 2.2E-03 1.9E-03 1.4E-03 1.9E-03 1.6E-03 0.0E+00 1.1E-03 2.3E-03 2.3E-03 1.1E-03 
PCB52 0.0E+00 0.0E+00 2.2E-02 2.1E-02 1.7E-02 1.8E-02 1.3E-02 1.4E-02 1.1E-02 1.1E-02 9.9E-03 7.8E-03 9.9E-03 1.5E-02 1.5E-02 6.1E-03 
PCB66 0.0E+00 0.0E+00 0.0E+00 2.0E-03 2.0E-03 2.3E-03 8.6E-04 1.0E-03 1.3E-03 1.4E-03 9.9E-04 6.3E-04 9.1E-04 1.3E-03 2.0E-03 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 1.2E-01 7.8E-02 1.1E-01 9.9E-02 7.3E-02 6.7E-02 7.3E-02 7.4E-02 4.4E-02 1.6E-02 4.1E-02 5.3E-02 9.1E-02 2.3E-02 
PCB87 0.0E+00 0.0E+00 0.0E+00 4.6E-03 4.8E-03 6.0E-03 4.3E-03 4.7E-03 3.5E-03 2.7E-03 3.1E-03 0.0E+00 2.6E-03 5.5E-03 5.8E-03 1.3E-03 
PCB101 0.0E+00 0.0E+00 6.3E-03 8.1E-03 8.9E-03 1.1E-02 8.2E-03 9.6E-03 5.8E-03 4.7E-03 4.5E-03 2.6E-03 4.3E-03 8.3E-03 6.8E-03 2.1E-03 
PCB105 0.0E+00 0.0E+00 0.0E+00 2.1E-03 2.2E-03 2.6E-03 2.0E-03 3.0E-03 1.3E-03 0.0E+00 1.2E-03 0.0E+00 9.1E-04 2.2E-03 0.0E+00 0.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 4.4E-03 6.0E-03 7.2E-03 6.2E-03 6.5E-03 3.7E-03 2.2E-03 2.4E-03 0.0E+00 2.0E-03 4.1E-03 2.6E-03 0.0E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 6.6E-03 2.6E-02 0.0E+00 2.6E-02 4.0E-02 2.3E-02 0.0E+00 0.0E+00 0.0E+00 9.9E-03 1.7E-02 0.0E+00 0.0E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.3E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E-03 0.0E+00 2.6E-03 2.6E-03 1.3E-03 0.0E+00 0.0E+00 0.0E+00 9.9E-04 2.4E-03 0.0E+00 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.2E-03 3.0E-03 2.3E-03 0.0E+00 0.0E+00 0.0E+00 9.1E-04 2.2E-03 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 0.0E+00 2.4E-02 2.2E-02 0.0E+00 0.0E+00 4.9E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



D-10



Leaching 
Time 
(days) 



0.003 1.077 6.009 20.035 40.989 62.235 90.010 125.028 166.998 208.968 250.982 300.024 341.964 383.993 411.955 474.981 



PCB184 0.0E+00 0.0E+00 5.2E-03 1.6E-03 0.0E+00 0.0E+00 8.3E-04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.5E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.6E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 0.0E+00 5.4E-01 1.7E-01 2.1E-01 1.5E-01 1.7E-01 1.5E-01 1.3E-01 1.1E-01 7.6E-02 4.0E-02 7.8E-02 1.1E-01 1.5E-01 4.4E-02 



 
 
Foam Rubber/EnsoliteTM (FRE) Results 
 
Cumulative Leaching Concentration (ng/L) 
 
Leaching 
Time 
(days) 



0.007 1.099 7.022 21.077 42.045 71.237 105.078 147.083 189.026 231.000 273.122 315.039 357.003 399.019 469.032 



sampling 
time (∆t) 



0.007 1.092 5.923 14.055 20.968 29.192 33.841 42.005 41.943 41.974 42.122 41.917 41.964 42.016 70.013 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 1.1E+00 1.5E+00 3.1E+00 4.6E+00 4.8E+00 6.2E+00 6.4E+00 6.7E+00 8.3E+00 8.5E+00 8.7E+00 9.7E+00 1.1E+01 1.2E+01 
PCB8 0.0E+00 0.0E+00 1.1E-01 3.1E-01 5.2E-01 7.7E-01 9.9E-01 1.2E+00 1.4E+00 1.7E+00 1.9E+00 2.1E+00 2.3E+00 2.5E+00 2.7E+00 
Cl3 0.0E+00 1.1E-01 5.2E-01 1.5E+00 2.2E+00 2.9E+00 3.8E+00 4.7E+00 5.6E+00 6.6E+00 7.4E+00 8.2E+00 8.9E+00 1.0E+01 1.1E+01 
PCB18 0.0E+00 0.0E+00 9.4E-02 2.8E-01 4.7E-01 6.9E-01 8.7E-01 1.1E+00 1.3E+00 1.4E+00 1.6E+00 1.8E+00 1.9E+00 2.1E+00 2.3E+00 
PCB28 0.0E+00 9.3E-02 2.4E-01 5.2E-01 8.0E-01 1.1E+00 1.4E+00 1.6E+00 1.9E+00 2.2E+00 2.4E+00 2.6E+00 2.8E+00 3.0E+00 3.2E+00 
Cl4 0.0E+00 2.8E-01 5.8E+00 1.7E+01 3.1E+01 4.6E+01 6.1E+01 7.8E+01 9.1E+01 1.1E+02 1.2E+02 1.3E+02 1.4E+02 1.4E+02 1.6E+02 
PCB44 0.0E+00 7.3E-02 9.5E-01 3.2E+00 5.8E+00 8.3E+00 1.1E+01 1.5E+01 1.7E+01 2.0E+01 2.3E+01 2.5E+01 2.6E+01 2.8E+01 3.0E+01 
PCB49 0.0E+00 3.5E-02 3.3E-01 1.0E+00 1.8E+00 2.6E+00 3.4E+00 4.3E+00 5.2E+00 5.9E+00 6.6E+00 7.1E+00 7.6E+00 8.2E+00 8.7E+00 
PCB52 0.0E+00 1.0E-01 1.7E+00 5.8E+00 1.1E+01 1.5E+01 2.1E+01 2.6E+01 3.1E+01 3.6E+01 4.0E+01 4.4E+01 4.7E+01 5.1E+01 5.4E+01 
PCB66 0.0E+00 0.0E+00 1.3E-01 6.1E-01 1.1E+00 1.7E+00 2.4E+00 3.0E+00 3.6E+00 4.2E+00 4.7E+00 5.0E+00 5.3E+00 5.6E+00 5.6E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 5.0E+00 2.0E+01 3.7E+01 6.0E+01 8.4E+01 1.1E+02 1.4E+02 1.6E+02 1.8E+02 1.9E+02 2.0E+02 2.1E+02 2.2E+02 











 



 
 



D-11



Leaching 
Time 
(days) 



0.007 1.099 7.022 21.077 42.045 71.237 105.078 147.083 189.026 231.000 273.122 315.039 357.003 399.019 469.032 



PCB87 0.0E+00 0.0E+00 2.8E-01 1.5E+00 2.8E+00 4.6E+00 6.6E+00 8.5E+00 1.0E+01 1.2E+01 1.3E+01 1.4E+01 1.5E+01 1.6E+01 1.7E+01 
PCB101 0.0E+00 0.0E+00 4.7E-01 2.4E+00 4.7E+00 7.7E+00 1.1E+01 1.4E+01 1.7E+01 2.0E+01 2.2E+01 2.4E+01 2.5E+01 2.6E+01 2.7E+01 
PCB105 0.0E+00 0.0E+00 1.1E-01 6.0E-01 1.2E+00 2.1E+00 3.1E+00 4.1E+00 4.9E+00 5.7E+00 6.1E+00 6.5E+00 6.8E+00 7.0E+00 7.2E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 6.6E-02 6.6E-02 6.6E-02 6.6E-02 6.6E-02 6.6E-02 6.6E-02 
PCB118 0.0E+00 0.0E+00 2.1E-01 1.3E+00 2.7E+00 4.5E+00 6.7E+00 8.7E+00 1.1E+01 1.2E+01 1.3E+01 1.4E+01 1.4E+01 1.5E+01 1.5E+01 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 2.2E+00 5.4E+00 1.1E+01 1.7E+01 2.6E+01 3.2E+01 4.0E+01 4.5E+01 5.0E+01 5.3E+01 5.6E+01 5.6E+01 
PCB128 0.0E+00 0.0E+00 0.0E+00 1.3E-01 3.1E-01 5.6E-01 8.9E-01 1.2E+00 1.5E+00 1.8E+00 2.1E+00 2.3E+00 2.4E+00 2.4E+00 2.4E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 3.9E-01 8.8E-01 1.7E+00 2.8E+00 3.8E+00 4.8E+00 5.8E+00 6.5E+00 7.0E+00 7.3E+00 7.5E+00 7.5E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 3.9E-01 9.0E-01 1.3E+00 2.3E+00 3.3E+00 4.3E+00 5.2E+00 5.8E+00 6.2E+00 6.5E+00 6.5E+00 6.5E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 4.9E-02 1.2E-01 2.4E-01 3.8E-01 5.2E-01 6.7E-01 8.4E-01 8.4E-01 8.4E-01 8.4E-01 8.4E-01 8.4E-01 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 4.4E-01 7.9E-01 2.7E+00 2.7E+00 2.7E+00 2.7E+00 2.7E+00 2.7E+00 2.7E+00 2.7E+00 2.7E+00 2.7E+00 2.7E+00 2.7E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 4.8E-02 1.0E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 2.0E+00 1.4E+01 4.7E+01 8.3E+01 1.3E+02 1.7E+02 2.3E+02 2.8E+02 3.2E+02 3.6E+02 3.9E+02 4.1E+02 4.3E+02 4.6E+02 



 
 
Leach Rate (ng/g shipboard solid-day) 
 











 



 
 



D-12



Leaching 
Time 
(days) 



0.007 1.099 7.022 21.077 42.045 71.237 105.078 147.083 189.026 231.000 273.122 315.039 357.003 399.019 469.032 



sampling 
time (∆t) 



0.007 1.092 5.923 14.055 20.968 29.192 33.841 42.005 41.943 41.974 42.122 41.917 41.964 42.016 70.013 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 5.5E+00 3.0E-01 6.2E-01 3.7E-01 4.7E-02 2.1E-01 3.7E-02 3.0E-02 2.0E-01 3.2E-02 2.7E-02 1.2E-01 1.2E-01 1.0E-01 
PCB8 0.0E+00 0.0E+00 9.6E-02 7.7E-02 5.2E-02 4.7E-02 3.5E-02 2.7E-02 3.0E-02 2.9E-02 3.0E-02 2.6E-02 2.4E-02 2.1E-02 1.7E-02 
Cl3 0.0E+00 5.5E-01 3.6E-01 3.8E-01 1.6E-01 1.3E-01 1.4E-01 1.2E-01 1.2E-01 1.3E-01 9.3E-02 1.0E-01 9.2E-02 1.4E-01 8.1E-02 
PCB18 0.0E+00 0.0E+00 8.4E-02 6.9E-02 4.9E-02 4.0E-02 2.8E-02 2.8E-02 2.7E-02 1.0E-02 2.4E-02 2.6E-02 2.2E-02 1.9E-02 1.4E-02 
PCB28 0.0E+00 4.5E-01 1.3E-01 1.1E-01 7.2E-02 4.9E-02 4.5E-02 3.5E-02 3.6E-02 3.5E-02 2.9E-02 2.4E-02 2.1E-02 2.2E-02 1.5E-02 
Cl4 0.0E+00 1.4E+00 4.9E+00 4.4E+00 3.4E+00 2.8E+00 2.3E+00 2.1E+00 1.8E+00 1.8E+00 1.4E+00 1.3E+00 1.0E+00 1.2E+00 8.1E-01 
PCB44 0.0E+00 3.6E-01 7.8E-01 8.5E-01 6.7E-01 4.6E-01 4.6E-01 4.1E-01 3.7E-01 3.4E-01 3.0E-01 2.6E-01 2.3E-01 2.3E-01 1.5E-01 
PCB49 0.0E+00 1.7E-01 2.6E-01 2.6E-01 2.0E-01 1.4E-01 1.4E-01 1.1E-01 1.1E-01 9.2E-02 8.5E-02 6.9E-02 6.5E-02 6.7E-02 3.8E-02 
PCB52 0.0E+00 4.8E-01 1.4E+00 1.6E+00 1.2E+00 8.9E-01 8.1E-01 6.7E-01 6.6E-01 6.1E-01 5.3E-01 4.8E-01 4.4E-01 4.4E-01 2.8E-01 
PCB66 0.0E+00 0.0E+00 1.1E-01 1.8E-01 1.3E-01 1.1E-01 1.1E-01 8.1E-02 7.2E-02 8.2E-02 5.5E-02 4.5E-02 3.0E-02 4.1E-02 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 4.5E+00 5.6E+00 4.4E+00 4.2E+00 3.8E+00 3.6E+00 3.0E+00 2.9E+00 2.0E+00 1.6E+00 1.3E+00 1.3E+00 9.1E-01 
PCB87 0.0E+00 0.0E+00 2.5E-01 4.6E-01 3.4E-01 3.2E-01 3.2E-01 2.5E-01 2.3E-01 2.1E-01 1.6E-01 1.4E-01 1.1E-01 8.4E-02 5.0E-02 
PCB101 0.0E+00 0.0E+00 4.2E-01 7.4E-01 5.7E-01 5.5E-01 5.4E-01 4.1E-01 4.0E-01 3.5E-01 2.3E-01 1.9E-01 1.4E-01 1.3E-01 8.1E-02 
PCB105 0.0E+00 0.0E+00 9.6E-02 1.9E-01 1.6E-01 1.5E-01 1.7E-01 1.2E-01 1.1E-01 9.2E-02 6.1E-02 5.1E-02 2.9E-02 2.6E-02 1.7E-02 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.4E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 1.9E-01 4.1E-01 3.5E-01 3.3E-01 3.5E-01 2.5E-01 2.4E-01 2.1E-01 1.3E-01 1.0E-01 6.4E-02 4.4E-02 2.4E-02 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 8.2E-01 8.1E-01 1.0E+00 8.7E-01 1.2E+00 8.1E-01 1.0E+00 6.1E-01 6.6E-01 3.2E-01 4.0E-01 0.0E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 4.9E-02 4.5E-02 4.7E-02 5.1E-02 4.2E-02 3.9E-02 4.0E-02 3.7E-02 2.8E-02 1.3E-02 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 1.5E-01 1.3E-01 1.4E-01 1.8E-01 1.3E-01 1.3E-01 1.3E-01 8.5E-02 7.1E-02 3.4E-02 2.2E-02 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 1.5E-01 1.3E-01 7.5E-02 1.6E-01 1.2E-01 1.3E-01 1.2E-01 7.4E-02 5.8E-02 3.3E-02 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 1.8E-02 1.7E-02 2.2E-02 2.3E-02 1.7E-02 1.9E-02 2.2E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 2.1E+00 3.1E-01 7.2E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



D-13



Leaching 
Time 
(days) 



0.007 1.099 7.022 21.077 42.045 71.237 105.078 147.083 189.026 231.000 273.122 315.039 357.003 399.019 469.032 



PCB184 0.0E+00 2.3E-01 4.8E-02 2.1E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 9.5E+00 1.0E+01 1.3E+01 9.1E+00 8.2E+00 7.3E+00 7.0E+00 5.7E+00 6.1E+00 4.2E+00 3.7E+00 2.9E+00 3.2E+00 1.9E+00 



 
 
Aroclor 1268 (A1268) Results 
 
Cumulative Leaching Concentration (ng/L) 
 
Leaching Time 
(days) 



0.003 1.011 5.980 19.900 40.844 68.836 110.906 188.861 265.837 322.019 371.008 



sampling time 
(∆t) 



0.003 1.008 4.969 13.92 20.944 27.992 42.07 77.955 76.976 56.182 48.989 



Cl1 0.0E+00 1.2E+00 4.2E+00 5.1E+00 5.1E+00 5.1E+00 5.1E+00 5.1E+00 5.1E+00 5.1E+00 5.1E+00 
Cl2 0.0E+00 2.0E+01 1.2E+02 2.1E+02 2.6E+02 2.8E+02 2.9E+02 2.9E+02 3.0E+02 3.0E+02 3.0E+02 
PCB8 0.0E+00 8.3E+00 4.7E+01 1.0E+02 1.4E+02 1.6E+02 1.6E+02 1.7E+02 1.7E+02 1.7E+02 1.7E+02 
Cl3 0.0E+00 2.3E+01 2.3E+02 5.9E+02 1.0E+03 1.4E+03 1.7E+03 1.9E+03 1.9E+03 1.9E+03 2.0E+03 
PCB18 0.0E+00 8.5E+00 6.5E+01 1.9E+02 3.0E+02 4.0E+02 4.5E+02 4.8E+02 5.0E+02 5.0E+02 5.1E+02 
PCB28 0.0E+00 3.8E+00 3.9E+01 1.4E+02 2.5E+02 3.7E+02 4.4E+02 4.5E+02 4.8E+02 4.8E+02 4.9E+02 
Cl4 0.0E+00 6.9E+00 7.9E+01 2.5E+02 5.7E+02 8.8E+02 1.2E+03 1.4E+03 1.6E+03 1.7E+03 1.7E+03 
PCB44 0.0E+00 5.0E-01 9.7E+00 3.5E+01 8.3E+01 1.3E+02 1.7E+02 2.0E+02 2.3E+02 2.4E+02 2.5E+02 
PCB49 0.0E+00 1.8E-01 3.9E+00 1.7E+01 4.1E+01 6.4E+01 8.4E+01 1.0E+02 1.2E+02 1.2E+02 1.3E+02 
PCB52 0.0E+00 5.4E-01 9.2E+00 3.5E+01 7.8E+01 1.2E+02 1.6E+02 1.9E+02 2.2E+02 2.3E+02 2.4E+02 
PCB66 0.0E+00 1.8E-01 2.8E+00 1.2E+01 3.5E+01 5.5E+01 7.2E+01 8.7E+01 9.5E+01 9.7E+01 9.9E+01 
PCB77 0.0E+00 0.0E+00 4.8E-01 2.4E+00 8.0E+00 1.3E+01 1.8E+01 2.2E+01 2.3E+01 2.3E+01 2.3E+01 
Cl5 0.0E+00 0.0E+00 0.0E+00 1.1E+01 3.3E+01 5.3E+01 8.1E+01 1.1E+02 1.4E+02 1.5E+02 1.6E+02 
PCB87 0.0E+00 0.0E+00 0.0E+00 3.7E-01 1.6E+00 3.0E+00 4.4E+00 6.3E+00 7.3E+00 7.8E+00 8.4E+00 











 



 
 



D-14



Leaching Time 
(days) 



0.003 1.011 5.980 19.900 40.844 68.836 110.906 188.861 265.837 322.019 371.008 



PCB101 0.0E+00 0.0E+00 0.0E+00 6.2E-01 2.3E+00 4.0E+00 5.8E+00 7.8E+00 9.2E+00 9.8E+00 1.0E+01 
PCB105 0.0E+00 0.0E+00 0.0E+00 4.7E-01 2.4E+00 4.5E+00 6.9E+00 1.0E+01 1.2E+01 1.2E+01 1.3E+01 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.0E-01 2.0E-01 2.0E-01 2.0E-01 
PCB118 0.0E+00 0.0E+00 0.0E+00 4.5E-01 2.5E+00 4.5E+00 6.8E+00 9.2E+00 1.1E+01 1.1E+01 1.1E+01 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.7E+00 3.7E+00 6.9E+00 9.4E+00 1.3E+01 1.4E+01 1.4E+01 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.9E-01 1.9E-01 1.9E-01 1.9E-01 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.7E-01 1.0E+00 1.7E+00 2.3E+00 2.9E+00 3.1E+00 3.3E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.7E+00 1.0E+01 2.2E+01 2.9E+01 4.6E+01 4.8E+01 4.9E+01 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.6E-01 5.6E-01 1.3E+00 2.2E+00 3.3E+00 3.5E+00 3.8E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.5E-01 1.6E+00 2.9E+00 4.4E+00 6.0E+00 6.5E+00 7.3E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.0E-01 1.8E+00 1.8E+00 1.8E+00 1.8E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 8.8E-01 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.8E+00 1.8E+00 1.8E+00 1.8E+00 
PCB206 8.7E-01 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 8.8E-01 5.3E+01 4.3E+02 1.1E+03 1.9E+03 2.7E+03 3.3E+03 3.8E+03 4.1E+03 4.1E+03 4.2E+03 



 
 
Dissolution Rate (ng/g shipboard solid-day) 
 
Leaching Time 
(days) 



0.003 1.011 5.980 19.900 40.844 68.836 110.906 188.861 265.837 322.019 371.008 



sampling time 0.003 1.008 4.969 13.92 20.944 27.992 42.07 77.955 76.976 56.182 48.989 











 



 
 



D-15



Leaching Time 
(days) 



0.003 1.011 5.980 19.900 40.844 68.836 110.906 188.861 265.837 322.019 371.008 



(∆t) 
Cl1 0.0E+00 6.1E+02 3.1E+02 3.2E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 1.0E+04 1.0E+04 3.1E+03 1.2E+03 4.1E+02 1.5E+02 2.3E+01 4.2E+00 7.3E-01 0.0E+00 
PCB8 0.0E+00 4.2E+03 3.9E+03 2.1E+03 8.9E+02 3.1E+02 6.8E+01 1.2E+01 2.7E+00 7.3E-01 0.0E+00 
Cl3 0.0E+00 1.2E+04 2.1E+04 1.3E+04 1.1E+04 7.4E+03 2.9E+03 1.2E+03 4.2E+02 1.3E+02 2.1E+02 
PCB18 0.0E+00 4.2E+03 5.8E+03 4.6E+03 2.7E+03 1.8E+03 6.2E+02 1.9E+02 1.0E+02 2.4E+01 3.7E+01 
PCB28 0.0E+00 1.9E+03 3.6E+03 3.6E+03 2.7E+03 2.1E+03 8.2E+02 1.2E+02 1.4E+02 3.7E+01 6.7E+01 
Cl4 0.0E+00 3.5E+03 7.3E+03 6.3E+03 7.8E+03 5.6E+03 3.5E+03 1.8E+03 1.2E+03 3.0E+02 5.3E+02 
PCB44 0.0E+00 2.5E+02 9.4E+02 9.3E+02 1.2E+03 8.7E+02 4.9E+02 2.1E+02 1.7E+02 6.8E+01 1.3E+02 
PCB49 0.0E+00 8.9E+01 3.8E+02 4.6E+02 5.8E+02 4.3E+02 2.4E+02 1.3E+02 8.3E+01 2.9E+01 6.2E+01 
PCB52 0.0E+00 2.7E+02 8.8E+02 9.3E+02 1.0E+03 8.2E+02 4.2E+02 2.1E+02 1.9E+02 7.7E+01 1.5E+02 
PCB66 0.0E+00 8.9E+01 2.6E+02 3.3E+02 5.6E+02 3.6E+02 2.1E+02 9.9E+01 5.4E+01 1.3E+01 2.7E+01 
PCB77 0.0E+00 0.0E+00 4.9E+01 6.9E+01 1.4E+02 9.4E+01 6.0E+01 2.5E+01 4.7E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 0.0E+00 4.0E+02 5.3E+02 3.6E+02 3.4E+02 1.9E+02 2.1E+02 6.4E+01 7.8E+01 
PCB87 0.0E+00 0.0E+00 0.0E+00 1.4E+01 2.9E+01 2.6E+01 1.6E+01 1.2E+01 7.1E+00 3.7E+00 6.3E+00 
PCB101 0.0E+00 0.0E+00 0.0E+00 2.3E+01 4.0E+01 3.1E+01 2.2E+01 1.3E+01 9.5E+00 5.2E+00 7.2E+00 
PCB105 0.0E+00 0.0E+00 0.0E+00 1.7E+01 4.7E+01 3.8E+01 2.9E+01 2.1E+01 1.1E+01 3.7E+00 6.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 1.7E+01 4.9E+01 3.6E+01 2.8E+01 1.5E+01 1.0E+01 3.0E+00 4.3E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.0E+01 3.6E+01 3.9E+01 1.6E+01 2.6E+01 1.9E+00 7.7E-01 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.1E+01 1.0E+01 7.9E+00 3.6E+00 4.0E+00 1.8E+00 2.7E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.9E+01 1.2E+02 1.4E+02 4.7E+01 1.1E+02 1.7E+01 1.8E+01 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E+01 0.0E+00 9.2E+00 5.7E+00 7.1E+00 2.0E+00 3.1E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.8E+01 1.6E+01 1.5E+01 9.9E+00 1.0E+01 4.4E+00 8.4E+00 











 



 
 



D-16



Leaching Time 
(days) 



0.003 1.011 5.980 19.900 40.844 68.836 110.906 188.861 265.837 322.019 371.008 



PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.1E+01 5.8E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 1.3E+05 2.3E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 1.3E+05 2.3E+02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 1.3E+05 2.6E+04 3.9E+04 2.3E+04 2.0E+04 1.4E+04 7.1E+03 3.3E+03 2.0E+03 5.1E+02 8.4E+02 



 
 
Bulkhead Insulation (BHI) Results 
 
Cumulative Leaching Concentration (ng/L) 
 
Leaching 
Time 
(days) 



0.007 1.170 7.076 14.083 21.097 42.226 69.301 83.139 118.135 167.104 209.131 251.192 286.150 328.092 370.117 398.079 454.319 



sampling 
time (∆t) 



0.007 1.163 5.906 7.007 7.014 21.129 27.075 13.838 34.996 48.969 42.027 42.061 34.958 41.942 42.025 27.962 56.24 



Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 5.2E-01 1.4E+00 1.4E+00 1.5E+00 1.5E+00 1.5E+00 1.6E+00 1.6E+00 1.6E+00 1.6E+00 1.6E+00 1.6E+00 1.6E+00 1.6E+00 1.6E+00 
PCB8 0.0E+00 0.0E+00 5.8E-02 1.1E-01 1.5E-01 2.1E-01 2.7E-01 2.7E-01 3.1E-01 3.6E-01 3.9E-01 3.9E-01 3.9E-01 3.9E-01 3.9E-01 3.9E-01 3.9E-01 
Cl3 0.0E+00 4.5E-02 7.6E-01 1.5E+00 2.1E+00 3.1E+00 4.3E+00 5.0E+00 6.1E+00 7.1E+00 7.9E+00 8.9E+00 9.5E+00 1.0E+01 1.1E+01 1.2E+01 1.3E+01 
PCB18 0.0E+00 0.0E+00 7.7E-02 1.7E-01 2.3E-01 3.6E-01 4.1E-01 4.9E-01 6.1E-01 7.2E-01 8.1E-01 9.2E-01 9.2E-01 9.9E-01 1.1E+00 1.1E+00 1.1E+00 
PCB28 0.0E+00 3.1E-02 2.3E-01 4.7E-01 6.9E-01 1.1E+00 1.4E+00 1.7E+00 2.1E+00 2.5E+00 2.8E+00 3.1E+00 3.4E+00 3.5E+00 3.8E+00 3.9E+00 4.1E+00 
Cl4 0.0E+00 1.1E+00 9.9E+00 2.4E+01 4.0E+01 6.3E+01 1.0E+02 1.2E+02 1.5E+02 2.0E+02 2.2E+02 2.5E+02 2.7E+02 2.9E+02 3.1E+02 3.2E+02 3.4E+02 
PCB44 0.0E+00 1.2E-01 1.6E+00 3.8E+00 6.3E+00 1.0E+01 1.5E+01 1.9E+01 2.4E+01 3.1E+01 3.6E+01 4.1E+01 4.4E+01 4.7E+01 5.1E+01 5.4E+01 5.6E+01 
PCB49 0.0E+00 5.2E-02 5.4E-01 1.3E+00 2.1E+00 3.3E+00 4.9E+00 6.1E+00 7.8E+00 9.9E+00 1.1E+01 1.3E+01 1.4E+01 1.5E+01 1.6E+01 1.7E+01 1.7E+01 
PCB52 0.0E+00 2.0E-01 2.5E+00 6.0E+00 1.0E+01 1.6E+01 2.4E+01 3.0E+01 3.8E+01 5.0E+01 5.8E+01 6.7E+01 7.3E+01 7.9E+01 8.6E+01 9.1E+01 9.5E+01 
PCB66 0.0E+00 2.5E-02 4.7E-01 1.1E+00 2.0E+00 3.2E+00 5.0E+00 6.3E+00 7.6E+00 1.0E+01 1.2E+01 1.3E+01 1.4E+01 1.5E+01 1.5E+01 1.6E+01 1.6E+01 
PCB77 0.0E+00 0.0E+00 0.0E+00 2.5E-02 2.5E-02 2.5E-02 2.5E-02 2.5E-02 7.4E-02 7.4E-02 7.4E-02 7.4E-02 7.4E-02 7.4E-02 7.4E-02 7.4E-02 7.4E-02 
Cl5 0.0E+00 1.0E+00 9.3E+00 2.4E+01 5.4E+01 8.8E+01 1.8E+02 2.3E+02 2.8E+02 4.3E+02 4.7E+02 5.3E+02 5.6E+02 6.0E+02 6.2E+02 6.5E+02 6.7E+02 
PCB87 0.0E+00 0.0E+00 7.1E-01 1.9E+00 4.1E+00 6.9E+00 1.3E+01 1.7E+01 2.1E+01 2.9E+01 3.4E+01 3.8E+01 4.2E+01 4.4E+01 4.7E+01 5.0E+01 5.1E+01 
PCB101 0.0E+00 4.3E-02 9.9E-01 3.0E+00 6.4E+00 1.1E+01 2.0E+01 2.7E+01 3.4E+01 4.8E+01 5.5E+01 6.1E+01 6.6E+01 7.0E+01 7.4E+01 7.8E+01 8.1E+01 
PCB105 0.0E+00 0.0E+00 2.2E-01 6.4E-01 1.5E+00 2.6E+00 5.4E+00 7.3E+00 9.4E+00 1.3E+01 1.5E+01 1.7E+01 1.7E+01 1.8E+01 1.9E+01 1.9E+01 1.9E+01 











 



 
 



D-17



Leaching 
Time 
(days) 



0.007 1.170 7.076 14.083 21.097 42.226 69.301 83.139 118.135 167.104 209.131 251.192 286.150 328.092 370.117 398.079 454.319 



PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.4E-02 1.3E-01 3.0E-01 4.0E-01 4.0E-01 5.8E-01 6.8E-01 6.8E-01 6.8E-01 6.8E-01 6.8E-01 6.8E-01 6.8E-01 
PCB118 0.0E+00 0.0E+00 4.6E-01 1.5E+00 3.5E+00 6.4E+00 1.3E+01 1.7E+01 2.2E+01 3.2E+01 3.6E+01 3.9E+01 4.0E+01 4.1E+01 4.2E+01 4.3E+01 4.3E+01 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 1.4E+00 3.0E+00 7.3E+00 1.3E+01 3.4E+01 4.3E+01 5.4E+01 8.9E+01 1.0E+02 1.1E+02 1.2E+02 1.3E+02 1.3E+02 1.4E+02 1.5E+02 
PCB128 0.0E+00 0.0E+00 0.0E+00 8.4E-02 2.3E-01 4.9E-01 1.3E+00 1.7E+00 2.2E+00 3.1E+00 3.6E+00 4.0E+00 4.0E+00 4.2E+00 4.4E+00 4.4E+00 4.4E+00 
PCB138 0.0E+00 0.0E+00 1.1E-01 3.4E-01 9.0E-01 1.7E+00 4.5E+00 6.3E+00 8.1E+00 1.3E+01 1.5E+01 1.6E+01 1.7E+01 1.8E+01 1.9E+01 2.0E+01 2.0E+01 
PCB153 0.0E+00 0.0E+00 6.5E-02 2.1E-01 5.1E-01 1.7E+00 2.8E+00 4.0E+00 5.0E+00 7.4E+00 9.7E+00 1.1E+01 1.3E+01 1.4E+01 1.5E+01 1.5E+01 1.6E+01 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.4E-02 3.7E-01 5.0E-01 6.6E-01 1.0E+00 1.2E+00 1.2E+00 1.2E+00 1.2E+00 1.2E+00 1.2E+00 1.2E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.0E-02 5.0E-02 5.0E-02 5.0E-02 5.0E-02 5.0E-02 5.0E-02 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E-01 1.8E-01 1.8E-01 1.8E-01 1.8E-01 1.8E-01 1.8E-01 1.8E-01 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 5.9E-01 1.1E+00 1.5E+00 1.5E+00 1.5E+00 1.5E+00 2.4E+00 2.4E+00 5.0E+00 6.1E+00 6.1E+00 6.1E+00 6.1E+00 6.1E+00 6.1E+00 6.1E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.6E-01 2.7E-01 2.7E-01 2.7E-01 2.7E-01 2.7E-01 2.7E-01 2.7E-01 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.7E-02 5.7E-02 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 
PCB184 0.0E+00 5.6E-02 9.4E-02 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.9E-01 1.9E-01 1.9E-01 1.9E-01 1.9E-01 1.9E-01 1.9E-01 1.9E-01 1.9E-01 1.9E-01 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.4E-02 5.4E-02 1.8E-01 2.9E-01 2.9E-01 2.9E-01 2.9E-01 2.9E-01 2.9E-01 2.9E-01 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 2.7E+00 2.3E+01 5.5E+01 1.1E+02 1.7E+02 3.2E+02 4.1E+02 5.0E+02 7.3E+02 8.1E+02 9.1E+02 9.7E+02 1.0E+03 1.1E+03 1.1E+03 1.2E+03 



 
 
Leach Rate (ng/g shipboard solid-day) 
 
Leaching 
Time 
(days) 



0.007 1.170 7.076 14.083 21.097 42.226 69.301 83.139 118.135 167.104 209.131 251.192 286.150 328.092 370.117 398.079 454.319 



sampling 0.007 1.163 5.906 7.007 7.014 21.129 27.075 13.838 34.996 48.969 42.027 42.061 34.958 41.942 42.025 27.962 56.24 











 



 
 



D-18



Leaching 
Time 
(days) 



0.007 1.170 7.076 14.083 21.097 42.226 69.301 83.139 118.135 167.104 209.131 251.192 286.150 328.092 370.117 398.079 454.319 



time (∆t) 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 2.6E+00 3.6E+00 1.8E-01 8.6E-02 6.1E-02 0.0E+00 4.0E-02 2.7E-02 2.2E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB8 0.0E+00 0.0E+00 3.0E-01 2.4E-01 1.7E-01 8.6E-02 5.8E-02 0.0E+00 4.0E-02 2.7E-02 2.2E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl3 0.0E+00 1.2E+00 3.6E+00 3.1E+00 2.8E+00 1.5E+00 1.3E+00 1.6E+00 9.2E-01 6.5E-01 6.0E-01 6.7E-01 5.1E-01 5.1E-01 5.5E-01 1.1E+00 6.0E-01 
PCB18 0.0E+00 0.0E+00 3.9E-01 3.9E-01 2.8E-01 1.8E-01 5.8E-02 1.7E-01 1.0E-01 7.2E-02 6.0E-02 8.0E-02 0.0E+00 5.1E-02 5.9E-02 0.0E+00 0.0E+00 
PCB28 0.0E+00 8.1E-01 1.0E+00 1.0E+00 9.5E-01 5.3E-01 4.0E-01 6.5E-01 3.5E-01 2.6E-01 2.1E-01 2.2E-01 1.9E-01 1.2E-01 1.7E-01 1.5E-01 8.3E-02 
Cl4 0.0E+00 2.7E+01 4.5E+01 5.9E+01 7.0E+01 3.3E+01 4.3E+01 4.7E+01 2.4E+01 3.1E+01 1.7E+01 2.0E+01 1.7E+01 1.2E+01 1.4E+01 1.7E+01 7.3E+00 
PCB44 0.0E+00 3.2E+00 7.6E+00 9.5E+00 1.1E+01 5.6E+00 5.8E+00 8.3E+00 4.4E+00 4.3E+00 3.2E+00 3.7E+00 2.9E+00 2.4E+00 2.5E+00 2.9E+00 1.2E+00 
PCB49 0.0E+00 1.4E+00 2.5E+00 3.1E+00 3.6E+00 1.8E+00 1.7E+00 2.7E+00 1.4E+00 1.3E+00 1.0E+00 1.1E+00 9.6E-01 6.7E-01 8.4E-01 7.7E-01 3.8E-01 
PCB52 0.0E+00 5.3E+00 1.2E+01 1.5E+01 1.7E+01 8.6E+00 8.9E+00 1.3E+01 7.2E+00 7.2E+00 5.5E+00 6.7E+00 5.1E+00 4.2E+00 5.1E+00 5.6E+00 2.3E+00 
PCB66 0.0E+00 6.5E-01 2.3E+00 2.6E+00 4.1E+00 1.7E+00 2.0E+00 2.8E+00 1.1E+00 1.6E+00 1.0E+00 1.2E+00 6.1E-01 5.1E-01 5.5E-01 5.9E-01 2.3E-01 
PCB77 0.0E+00 0.0E+00 0.0E+00 1.1E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4.2E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 2.6E+01 4.2E+01 6.4E+01 1.3E+02 4.9E+01 1.0E+02 1.2E+02 4.5E+01 8.7E+01 3.5E+01 4.2E+01 2.5E+01 2.4E+01 2.1E+01 2.9E+01 1.2E+01 
PCB87 0.0E+00 0.0E+00 3.6E+00 5.2E+00 9.3E+00 4.1E+00 6.3E+00 8.9E+00 3.8E+00 5.1E+00 3.4E+00 3.2E+00 2.7E+00 2.0E+00 2.2E+00 2.4E+00 1.0E+00 
PCB101 0.0E+00 1.1E+00 4.8E+00 8.5E+00 1.5E+01 6.8E+00 1.0E+01 1.4E+01 6.1E+00 8.7E+00 5.1E+00 4.6E+00 3.9E+00 2.9E+00 3.2E+00 3.6E+00 1.5E+00 
PCB105 0.0E+00 0.0E+00 1.1E+00 1.8E+00 3.6E+00 1.6E+00 3.2E+00 4.1E+00 1.7E+00 2.4E+00 1.5E+00 8.4E-01 7.6E-01 4.6E-01 3.5E-01 4.2E-01 1.3E-01 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.3E-01 1.0E-01 1.9E-01 2.3E-01 0.0E+00 1.1E-01 7.2E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 2.3E+00 4.4E+00 8.8E+00 4.1E+00 7.0E+00 9.8E+00 4.0E+00 6.1E+00 3.1E+00 1.8E+00 1.5E+00 8.9E-01 6.3E-01 6.4E-01 2.0E-01 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 7.0E+00 7.2E+00 1.9E+01 7.6E+00 2.3E+01 2.1E+01 9.2E+00 2.2E+01 8.1E+00 8.4E+00 3.9E+00 5.9E+00 4.2E+00 8.3E+00 4.1E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 3.6E-01 6.2E-01 3.8E-01 8.9E-01 9.8E-01 4.0E-01 5.8E-01 3.7E-01 2.4E-01 0.0E+00 1.9E-01 1.3E-01 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 5.8E-01 9.8E-01 2.4E+00 1.2E+00 3.1E+00 3.9E+00 1.6E+00 2.8E+00 1.5E+00 1.0E+00 9.6E-01 6.7E-01 4.6E-01 8.3E-01 2.5E-01 
PCB153 0.0E+00 0.0E+00 3.3E-01 6.4E-01 1.3E+00 1.6E+00 1.3E+00 2.5E+00 8.7E-01 1.5E+00 1.7E+00 1.1E+00 1.4E+00 7.2E-01 6.3E-01 7.7E-01 3.1E-01 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E-01 3.2E-01 2.8E-01 1.4E-01 2.3E-01 1.1E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.6E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.2E-02 4.7E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 1.5E+01 2.6E+00 1.6E+00 0.0E+00 0.0E+00 0.0E+00 1.9E+00 0.0E+00 1.6E+00 8.1E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.0E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.8E-02 8.1E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E-01 0.0E+00 5.8E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 1.4E+00 1.9E-01 2.0E-01 0.0E+00 0.0E+00 0.0E+00 1.1E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



D-19



Leaching 
Time 
(days) 



0.007 1.170 7.076 14.083 21.097 42.226 69.301 83.139 118.135 167.104 209.131 251.192 286.150 328.092 370.117 398.079 454.319 



PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.2E-01 0.0E+00 7.9E-02 7.7E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 7.0E+01 1.0E+02 1.4E+02 2.2E+02 9.0E+01 1.7E+02 1.9E+02 7.9E+01 1.4E+02 6.1E+01 7.1E+01 4.6E+01 4.3E+01 4.0E+01 5.5E+01 2.4E+01 



 
 
Felt Gasket/Inner (FGI) Results 
 
Cumulative Leaching Concentration (ng/L) 
 
Leaching 
Time 
(days) 



0.004 1.080 6.006 20.030 33.992 56.248 83.156 118.062 159.993 201.953 243.987 320.997 362.963 404.974 474.979 



 0.004 1.076 4.926 14.024 13.962 22.256 26.908 34.906 41.931 41.96 42.034 77.01 41.966 42.011 70.005 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.1E-01 2.1E-01 4.2E-01 4.2E-01 4.2E-01 8.3E-01 9.9E-01 1.2E+00 
Cl2 0.0E+00 2.6E+00 3.6E+00 1.3E+01 1.9E+01 2.4E+01 2.6E+01 2.9E+01 3.2E+01 3.5E+01 3.9E+01 4.3E+01 4.7E+01 4.9E+01 5.2E+01 
PCB8 0.0E+00 1.3E-01 6.8E-01 1.7E+00 2.6E+00 3.7E+00 4.6E+00 5.7E+00 7.1E+00 8.3E+00 9.4E+00 1.1E+01 1.3E+01 1.4E+01 1.5E+01 
Cl3 0.0E+00 6.1E-01 2.2E+00 5.7E+00 9.0E+00 1.3E+01 1.7E+01 2.1E+01 2.9E+01 3.3E+01 3.7E+01 4.3E+01 4.9E+01 5.3E+01 5.9E+01 
PCB18 0.0E+00 1.1E-01 6.7E-01 1.9E+00 3.1E+00 4.5E+00 5.7E+00 7.1E+00 8.9E+00 1.0E+01 1.2E+01 1.4E+01 1.6E+01 1.7E+01 1.9E+01 
PCB28 0.0E+00 6.6E-02 4.6E-01 1.3E+00 2.2E+00 3.2E+00 4.1E+00 5.1E+00 6.5E+00 7.4E+00 8.4E+00 9.5E+00 1.1E+01 1.1E+01 1.2E+01 
Cl4 0.0E+00 2.1E-01 1.3E+00 3.1E+00 5.5E+00 8.7E+00 1.2E+01 1.6E+01 2.1E+01 2.4E+01 2.7E+01 3.0E+01 3.3E+01 3.6E+01 3.9E+01 
PCB44 0.0E+00 0.0E+00 1.2E-01 4.5E-01 8.5E-01 1.3E+00 1.7E+00 2.3E+00 3.0E+00 3.4E+00 3.8E+00 4.3E+00 4.9E+00 5.3E+00 5.6E+00 
PCB49 0.0E+00 2.3E-02 1.3E-01 2.9E-01 4.8E-01 6.9E-01 8.9E-01 1.1E+00 1.4E+00 1.6E+00 1.8E+00 2.0E+00 2.2E+00 2.4E+00 2.6E+00 
PCB52 0.0E+00 2.1E-02 1.6E-01 5.4E-01 9.6E-01 1.5E+00 1.9E+00 2.5E+00 3.2E+00 3.7E+00 4.1E+00 4.7E+00 5.3E+00 5.8E+00 6.3E+00 
PCB66 0.0E+00 0.0E+00 4.1E-02 1.2E-01 2.3E-01 3.5E-01 5.1E-01 6.6E-01 8.7E-01 9.8E-01 1.1E+00 1.2E+00 1.3E+00 1.3E+00 1.3E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 0.0E+00 7.2E-01 2.1E+00 3.1E+00 4.8E+00 7.5E+00 9.9E+00 1.1E+01 1.3E+01 1.3E+01 1.4E+01 1.4E+01 1.4E+01 
PCB87 0.0E+00 0.0E+00 0.0E+00 3.5E-02 3.5E-02 9.9E-02 9.9E-02 9.9E-02 2.3E-01 3.1E-01 3.1E-01 3.1E-01 3.1E-01 3.1E-01 3.1E-01 
PCB101 0.0E+00 0.0E+00 0.0E+00 6.1E-02 1.6E-01 2.9E-01 4.6E-01 6.4E-01 8.5E-01 9.8E-01 1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00 











 



 
 



D-20



Leaching 
Time 
(days) 



0.004 1.080 6.006 20.030 33.992 56.248 83.156 118.062 159.993 201.953 243.987 320.997 362.963 404.974 474.979 



PCB105 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.1E-01 1.1E-01 2.4E-01 3.4E-01 3.4E-01 3.4E-01 3.4E-01 3.4E-01 3.4E-01 3.4E-01 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 1.8E-01 1.2E+00 2.4E+00 2.4E+00 4.6E+00 6.8E+00 6.8E+00 6.9E+00 6.9E+00 6.9E+00 6.9E+00 6.9E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.7E-02 2.1E-01 2.1E-01 4.8E-01 7.5E-01 7.5E-01 8.7E-01 8.7E-01 8.7E-01 8.7E-01 8.7E-01 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 0.0E+00 6.8E-01 1.7E+00 4.7E+00 8.8E+00 1.5E+01 2.4E+01 3.1E+01 3.4E+01 3.9E+01 4.3E+01 4.7E+01 5.0E+01 5.0E+01 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 7.9E-02 4.8E-01 1.1E+00 2.3E+00 3.3E+00 4.3E+00 4.7E+00 5.5E+00 6.0E+00 6.5E+00 6.9E+00 6.9E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.6E-01 1.6E-01 3.7E-01 5.8E-01 7.1E-01 8.9E-01 8.9E-01 8.9E-01 8.9E-01 8.9E-01 
PCB184 0.0E+00 0.0E+00 3.9E-02 3.9E-02 3.9E-02 3.9E-02 3.9E-02 3.9E-02 3.9E-02 3.9E-02 3.9E-02 3.9E-02 3.9E-02 3.9E-02 3.9E-02 
PCB187 0.0E+00 0.0E+00 0.0E+00 1.7E-01 9.8E-01 2.7E+00 5.2E+00 7.9E+00 1.1E+01 1.2E+01 1.4E+01 1.5E+01 1.6E+01 1.7E+01 1.7E+01 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 1.6E+00 1.1E+01 2.8E+01 5.0E+01 6.5E+01 8.0E+01 8.6E+01 9.5E+01 1.0E+02 1.1E+02 1.1E+02 1.2E+02 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 7.9E-01 3.3E+00 1.2E+01 1.8E+01 2.2E+01 2.5E+01 2.8E+01 3.1E+01 3.1E+01 3.4E+01 3.6E+01 3.6E+01 
PCB206 0.0E+00 0.0E+00 0.0E+00 2.4E-01 2.7E+00 8.5E+00 1.3E+01 1.5E+01 1.7E+01 1.7E+01 1.8E+01 1.9E+01 2.0E+01 2.0E+01 2.0E+01 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E-01 2.5E-01 2.5E-01 2.5E-01 2.5E-01 2.5E-01 2.5E-01 2.5E-01 2.5E-01 2.5E-01 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E-01 2.5E-01 2.5E-01 2.5E-01 2.5E-01 2.5E-01 2.5E-01 2.5E-01 2.5E-01 2.5E-01 
tPCBs 0.0E+00 3.4E+00 7.8E+00 2.7E+01 5.5E+01 9.9E+01 1.5E+02 1.9E+02 2.4E+02 2.6E+02 2.9E+02 3.1E+02 3.4E+02 3.6E+02 3.8E+02 



 
 
Leach Rate (ng/g shipboard solid-day) 
 
Leaching 
Time 
(days) 



0.004 1.080 6.006 20.030 33.992 56.248 83.156 118.062 159.993 201.953 243.987 320.997 362.963 404.974 474.979 











 



 
 



D-21



Leaching 
Time 
(days) 



0.004 1.080 6.006 20.030 33.992 56.248 83.156 118.062 159.993 201.953 243.987 320.997 362.963 404.974 474.979 



 0.004 1.076 4.926 14.024 13.962 22.256 26.908 34.906 41.931 41.96 42.034 77.01 41.966 42.011 70.005 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.8E-02 0.0E+00 2.4E-02 0.0E+00 0.0E+00 4.5E-02 1.8E-02 1.6E-02 
Cl2 0.0E+00 1.1E+01 9.7E-01 3.1E+00 1.9E+00 1.0E+00 4.1E-01 3.7E-01 4.2E-01 3.4E-01 3.4E-01 2.6E-01 4.4E-01 2.5E-01 2.2E-01 
PCB8 0.0E+00 5.8E-01 5.2E-01 3.5E-01 2.9E-01 2.2E-01 1.5E-01 1.5E-01 1.6E-01 1.3E-01 1.3E-01 1.0E-01 1.9E-01 1.0E-01 7.6E-02 
Cl3 0.0E+00 2.7E+00 1.5E+00 1.1E+00 1.1E+00 7.8E-01 6.6E-01 6.4E-01 8.3E-01 4.6E-01 4.7E-01 3.3E-01 7.3E-01 4.8E-01 3.5E-01 
PCB18 0.0E+00 4.6E-01 5.3E-01 4.2E-01 3.8E-01 2.9E-01 2.1E-01 1.9E-01 2.0E-01 1.6E-01 1.6E-01 1.3E-01 2.4E-01 1.4E-01 9.0E-02 
PCB28 0.0E+00 2.9E-01 3.7E-01 2.8E-01 2.9E-01 2.1E-01 1.5E-01 1.4E-01 1.5E-01 1.0E-01 1.0E-01 6.9E-02 1.4E-01 7.5E-02 5.8E-02 
Cl4 0.0E+00 9.0E-01 1.0E+00 6.1E-01 7.9E-01 6.8E-01 5.9E-01 5.1E-01 5.4E-01 3.4E-01 3.3E-01 1.8E-01 3.9E-01 3.3E-01 1.7E-01 
PCB44 0.0E+00 0.0E+00 1.2E-01 1.1E-01 1.3E-01 9.6E-02 7.7E-02 7.5E-02 7.4E-02 5.0E-02 4.4E-02 3.1E-02 6.7E-02 4.0E-02 2.3E-02 
PCB49 0.0E+00 1.0E-01 9.7E-02 5.5E-02 6.5E-02 4.3E-02 3.4E-02 3.2E-02 3.0E-02 2.4E-02 1.8E-02 1.2E-02 2.6E-02 2.2E-02 1.3E-02 
PCB52 0.0E+00 9.2E-02 1.3E-01 1.3E-01 1.4E-01 1.1E-01 8.2E-02 7.7E-02 7.6E-02 5.7E-02 4.7E-02 3.4E-02 7.4E-02 5.5E-02 3.0E-02 
PCB66 0.0E+00 0.0E+00 3.9E-02 2.6E-02 3.8E-02 2.5E-02 2.7E-02 2.1E-02 2.3E-02 1.2E-02 1.0E-02 5.6E-03 1.1E-02 0.0E+00 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 0.0E+00 2.4E-01 4.5E-01 2.1E-01 3.1E-01 3.5E-01 2.7E-01 1.5E-01 1.6E-01 0.0E+00 1.8E-01 0.0E+00 0.0E+00 
PCB87 0.0E+00 0.0E+00 0.0E+00 1.2E-02 0.0E+00 1.3E-02 0.0E+00 0.0E+00 1.4E-02 9.0E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB101 0.0E+00 0.0E+00 0.0E+00 2.0E-02 3.4E-02 2.8E-02 2.9E-02 2.4E-02 2.3E-02 1.4E-02 1.5E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB105 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.2E-02 0.0E+00 1.8E-02 1.1E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 5.9E-02 3.4E-01 2.7E-01 0.0E+00 2.9E-01 2.4E-01 0.0E+00 1.8E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E-02 2.5E-02 0.0E+00 3.7E-02 3.0E-02 0.0E+00 1.3E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 0.0E+00 6.4E-01 3.3E-01 1.0E+00 8.7E-01 1.1E+00 1.2E+00 7.6E-01 4.3E-01 5.0E-01 2.5E-01 4.7E-01 2.6E-01 2.5E-02 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 2.6E-02 1.3E-01 1.4E-01 2.0E-01 1.3E-01 1.1E-01 4.7E-02 8.1E-02 3.1E-02 6.3E-02 3.7E-02 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.4E-02 0.0E+00 2.9E-02 2.3E-02 1.4E-02 2.0E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 3.7E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



D-22



Leaching 
Time 
(days) 



0.004 1.080 6.006 20.030 33.992 56.248 83.156 118.062 159.993 201.953 243.987 320.997 362.963 404.974 474.979 



PCB187 0.0E+00 0.0E+00 0.0E+00 5.7E-02 2.7E-01 3.6E-01 4.4E-01 3.5E-01 3.1E-01 1.6E-01 2.0E-01 7.3E-02 1.3E-01 4.4E-02 1.9E-02 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 5.5E-01 3.1E+00 3.5E+00 3.9E+00 2.1E+00 1.7E+00 6.5E-01 1.0E+00 3.6E-01 1.0E+00 4.9E-01 1.4E-01 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 2.6E-01 8.3E-01 1.8E+00 1.1E+00 4.4E-01 4.3E-01 2.7E-01 3.2E-01 3.8E-02 3.2E-01 2.0E-01 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 7.9E-02 8.3E-01 1.2E+00 7.4E-01 2.7E-01 2.2E-01 6.2E-02 8.9E-02 3.7E-02 8.9E-02 4.3E-02 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E-02 2.0E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.9E-02 2.0E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 1.5E+01 4.2E+00 6.3E+00 9.6E+00 9.2E+00 8.0E+00 5.9E+00 5.2E+00 2.7E+00 3.2E+00 1.4E+00 3.6E+00 2.0E+00 9.3E-01 



 
 
Felt Gasket/Outer (FGO) Results 
 
Cumulative Leaching Concentration (ng/L) 
 
Leaching 
Time 
(days) 



0.003 1.025 6.057 21.319 42.298 69.295 111.087 146.059 188.072 230.155 265.096 307.037 349.066 377.029 454.092 



 0.003 1.022 5.032 15.262 20.979 26.997 41.792 34.972 42.013 42.083 34.941 41.941 42.029 27.963 77.063 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 
Cl2 0.0E+00 0.0E+00 1.0E+00 2.9E+00 5.0E+00 7.2E+00 8.8E+00 1.0E+01 1.2E+01 1.3E+01 1.4E+01 1.5E+01 1.6E+01 1.7E+01 1.9E+01 
PCB8 0.0E+00 0.0E+00 1.3E-01 6.6E-01 1.2E+00 2.0E+00 2.5E+00 3.1E+00 3.6E+00 4.2E+00 4.5E+00 4.9E+00 5.3E+00 5.6E+00 6.2E+00 
Cl3 0.0E+00 0.0E+00 9.3E-01 3.2E+00 5.9E+00 9.8E+00 1.3E+01 1.6E+01 1.8E+01 2.1E+01 2.4E+01 2.6E+01 2.8E+01 3.0E+01 3.3E+01 
PCB18 0.0E+00 0.0E+00 2.3E-01 9.7E-01 1.9E+00 3.1E+00 4.1E+00 5.0E+00 5.9E+00 6.8E+00 7.4E+00 8.0E+00 8.7E+00 9.3E+00 1.0E+01 
PCB28 0.0E+00 0.0E+00 1.9E-01 8.4E-01 1.5E+00 2.5E+00 3.2E+00 3.9E+00 4.6E+00 5.2E+00 5.6E+00 6.0E+00 6.5E+00 6.9E+00 7.3E+00 
Cl4 0.0E+00 0.0E+00 4.8E-01 2.6E+00 5.0E+00 8.9E+00 1.2E+01 1.5E+01 1.8E+01 2.2E+01 2.4E+01 2.6E+01 2.7E+01 2.9E+01 3.1E+01 
PCB44 0.0E+00 0.0E+00 8.0E-02 3.4E-01 6.5E-01 1.1E+00 1.5E+00 1.9E+00 2.2E+00 2.6E+00 2.8E+00 3.1E+00 3.3E+00 3.5E+00 3.8E+00 
PCB49 0.0E+00 0.0E+00 4.8E-02 1.9E-01 4.0E-01 6.3E-01 8.5E-01 1.0E+00 1.2E+00 1.4E+00 1.5E+00 1.6E+00 1.7E+00 1.7E+00 1.9E+00 
PCB52 0.0E+00 0.0E+00 9.3E-02 3.8E-01 7.3E-01 1.3E+00 1.7E+00 2.1E+00 2.5E+00 2.9E+00 3.3E+00 3.6E+00 3.8E+00 4.1E+00 4.4E+00 
PCB66 0.0E+00 0.0E+00 0.0E+00 2.0E-01 2.9E-01 4.7E-01 5.7E-01 6.5E-01 7.6E-01 8.6E-01 8.6E-01 9.2E-01 9.7E-01 9.7E-01 9.7E-01 
PCB77 0.0E+00 0.0E+00 0.0E+00 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 
Cl5 0.0E+00 0.0E+00 0.0E+00 9.5E-01 2.0E+00 3.4E+00 5.2E+00 6.5E+00 7.3E+00 8.4E+00 8.4E+00 9.2E+00 9.2E+00 9.2E+00 9.2E+00 
PCB87 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.6E-02 5.6E-02 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 
PCB101 0.0E+00 0.0E+00 0.0E+00 5.6E-02 1.5E-01 3.1E-01 4.4E-01 5.3E-01 6.5E-01 8.2E-01 8.2E-01 9.0E-01 9.0E-01 9.0E-01 9.0E-01 











 



 
 



D-23



Leaching 
Time 
(days) 



0.003 1.025 6.057 21.319 42.298 69.295 111.087 146.059 188.072 230.155 265.096 307.037 349.066 377.029 454.092 



PCB105 0.0E+00 0.0E+00 0.0E+00 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 7.5E-02 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 8.8E-02 8.8E-02 8.8E-02 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 1.6E-01 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.4E-01 9.4E-01 1.5E+00 1.5E+00 1.5E+00 3.1E+00 3.1E+00 3.1E+00 3.1E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 8.7E-02 8.7E-02 2.1E-01 2.1E-01 2.1E-01 2.7E-01 2.7E-01 2.7E-01 2.7E-01 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.8E-01 1.1E+00 3.5E+00 5.3E+00 8.4E+00 9.2E+00 1.0E+01 1.3E+01 1.4E+01 1.5E+01 1.5E+01 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E-01 1.5E-01 3.2E-01 3.2E-01 3.2E-01 5.3E-01 6.7E-01 6.7E-01 6.7E-01 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.4E-01 6.2E-01 1.3E+00 1.8E+00 2.6E+00 3.1E+00 3.9E+00 4.6E+00 5.0E+00 5.4E+00 5.6E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.5E+00 2.1E+00 3.0E+00 6.9E+00 6.9E+00 6.9E+00 7.9E+00 8.8E+00 1.0E+01 1.0E+01 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 0.0E+00 2.4E+00 9.7E+00 1.8E+01 3.2E+01 4.6E+01 5.7E+01 7.3E+01 8.3E+01 8.8E+01 9.9E+01 1.1E+02 1.1E+02 1.2E+02 



 
 
Leach Rate (ng/g shipboard solid-day) 
 
Leaching 
Time 
(days) 



0.003 1.025 6.057 21.319 42.298 69.295 111.087 146.059 188.072 230.155 265.096 307.037 349.066 377.029 454.092 











 



 
 



D-24



Leaching 
Time 
(days) 



0.003 1.025 6.057 21.319 42.298 69.295 111.087 146.059 188.072 230.155 265.096 307.037 349.066 377.029 454.092 



 0.003 1.022 5.032 15.262 20.979 26.997 41.792 34.972 42.013 42.083 34.941 41.941 42.029 27.963 77.063 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.6E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 2.9E+00 1.8E+00 1.4E+00 1.2E+00 5.6E-01 5.6E-01 5.6E-01 5.1E-01 1.6E-01 3.7E-01 4.8E-01 7.0E-01 3.5E-01 
PCB8 0.0E+00 0.0E+00 3.8E-01 5.0E-01 3.9E-01 4.0E-01 2.0E-01 2.3E-01 1.9E-01 1.8E-01 1.5E-01 1.3E-01 1.3E-01 1.8E-01 1.0E-01 
Cl3 0.0E+00 0.0E+00 2.7E+00 2.2E+00 1.8E+00 2.1E+00 1.1E+00 1.1E+00 8.8E-01 1.0E+00 1.0E+00 6.4E-01 6.9E-01 1.1E+00 5.0E-01 
PCB18 0.0E+00 0.0E+00 6.5E-01 7.1E-01 6.1E-01 6.5E-01 3.5E-01 3.9E-01 3.0E-01 3.2E-01 2.5E-01 2.1E-01 2.2E-01 3.2E-01 1.5E-01 
PCB28 0.0E+00 0.0E+00 5.4E-01 6.3E-01 4.8E-01 5.0E-01 2.6E-01 2.8E-01 2.3E-01 2.1E-01 2.0E-01 1.4E-01 1.5E-01 2.1E-01 8.5E-02 
Cl4 0.0E+00 0.0E+00 1.4E+00 2.0E+00 1.7E+00 2.1E+00 1.1E+00 1.4E+00 9.5E-01 1.3E+00 7.2E-01 6.4E-01 5.0E-01 8.0E-01 3.6E-01 
PCB44 0.0E+00 0.0E+00 2.3E-01 2.5E-01 2.2E-01 2.6E-01 1.3E-01 1.5E-01 1.3E-01 1.3E-01 8.5E-02 8.0E-02 7.3E-02 1.1E-01 6.1E-02 
PCB49 0.0E+00 0.0E+00 1.4E-01 1.4E-01 1.4E-01 1.2E-01 7.7E-02 6.4E-02 6.0E-02 6.5E-02 5.2E-02 3.9E-02 3.4E-02 0.0E+00 4.5E-02 
PCB52 0.0E+00 0.0E+00 2.7E-01 2.7E-01 2.5E-01 2.9E-01 1.5E-01 1.6E-01 1.3E-01 1.6E-01 1.3E-01 1.0E-01 1.0E-01 1.6E-01 5.6E-02 
PCB66 0.0E+00 0.0E+00 0.0E+00 1.9E-01 6.1E-02 9.4E-02 3.5E-02 3.3E-02 3.7E-02 3.5E-02 0.0E+00 2.1E-02 1.8E-02 0.0E+00 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 7.1E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 0.0E+00 9.0E-01 7.5E-01 7.6E-01 6.3E-01 5.3E-01 2.8E-01 3.7E-01 0.0E+00 2.8E-01 0.0E+00 0.0E+00 0.0E+00 
PCB87 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.0E-02 0.0E+00 2.8E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB101 0.0E+00 0.0E+00 0.0E+00 5.4E-02 6.6E-02 8.3E-02 4.7E-02 3.6E-02 4.4E-02 5.6E-02 0.0E+00 2.8E-02 0.0E+00 0.0E+00 0.0E+00 
PCB105 0.0E+00 0.0E+00 0.0E+00 7.1E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 8.4E-02 0.0E+00 0.0E+00 2.6E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.3E-01 0.0E+00 2.0E-01 0.0E+00 0.0E+00 5.5E-01 0.0E+00 0.0E+00 0.0E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 3.0E-02 0.0E+00 4.4E-02 0.0E+00 0.0E+00 1.8E-02 0.0E+00 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.3E-01 4.7E-01 8.6E-01 7.2E-01 1.1E+00 2.8E-01 3.6E-01 8.5E-01 6.4E-01 2.3E-01 6.1E-02 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.4E-02 0.0E+00 5.6E-02 0.0E+00 0.0E+00 7.6E-02 4.6E-02 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 











 



 
 



D-25



Leaching 
Time 
(days) 



0.003 1.025 6.057 21.319 42.298 69.295 111.087 146.059 188.072 230.155 265.096 307.037 349.066 377.029 454.092 



PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 9.7E-02 2.6E-01 2.3E-01 2.1E-01 2.8E-01 1.9E-01 3.3E-01 2.2E-01 1.5E-01 1.9E-01 3.9E-02 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 7.9E-01 2.3E-01 3.3E-01 1.4E+00 0.0E+00 0.0E+00 3.4E-01 3.2E-01 5.9E-01 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 0.0E+00 6.9E+00 6.9E+00 5.8E+00 7.4E+00 4.9E+00 4.6E+00 5.3E+00 3.5E+00 2.3E+00 3.7E+00 2.6E+00 3.5E+00 1.3E+00 



 
 
Aluminized Paint (AP) Results 
 
Cumulative Leaching Concentration (ng/L) 
 
Leaching 
Time 
(days) 



0.008 1.101 7.022 21.076 42.044 71.241 105.081 147.088 189.030 231.006 273.125 315.042 357.008 399.022 469.032 



 0.008 1.093 5.921 14.054 20.968 29.197 33.84 42.007 41.942 41.976 42.119 41.917 41.966 42.014 70.01 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl3 0.0E+00 0.0E+00 0.0E+00 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 1.4E-01 
PCB18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB28 0.0E+00 0.0E+00 0.0E+00 2.3E-02 2.3E-02 2.3E-02 2.3E-02 2.3E-02 2.3E-02 2.3E-02 2.3E-02 2.3E-02 2.3E-02 2.3E-02 2.3E-02 
Cl4 0.0E+00 0.0E+00 2.6E-01 8.0E-01 1.0E+00 1.3E+00 1.8E+00 2.6E+00 3.4E+00 3.8E+00 4.0E+00 4.1E+00 4.7E+00 4.9E+00 5.3E+00 
PCB44 0.0E+00 0.0E+00 0.0E+00 6.0E-02 6.0E-02 1.4E-01 1.4E-01 2.5E-01 3.4E-01 3.4E-01 3.4E-01 3.4E-01 4.4E-01 4.4E-01 5.2E-01 
PCB49 0.0E+00 0.0E+00 3.9E-02 8.0E-02 8.0E-02 1.1E-01 1.1E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 
PCB52 0.0E+00 0.0E+00 5.2E-02 1.4E-01 2.5E-01 3.8E-01 5.1E-01 6.9E-01 8.5E-01 1.0E+00 1.2E+00 1.3E+00 1.5E+00 1.7E+00 1.8E+00 
PCB66 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 0.0E+00 1.2E+00 2.7E+00 4.6E+00 6.1E+00 9.0E+00 1.1E+01 1.3E+01 1.3E+01 1.3E+01 1.6E+01 1.6E+01 1.6E+01 
PCB87 0.0E+00 0.0E+00 0.0E+00 6.1E-02 1.3E-01 2.3E-01 3.4E-01 4.6E-01 5.8E-01 5.8E-01 5.8E-01 5.8E-01 5.8E-01 5.8E-01 5.8E-01 
PCB101 0.0E+00 0.0E+00 0.0E+00 1.1E-01 2.2E-01 3.9E-01 5.8E-01 7.8E-01 9.5E-01 1.2E+00 1.2E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 











 



 
 



D-26



Leaching 
Time 
(days) 



0.008 1.101 7.022 21.076 42.044 71.241 105.081 147.088 189.030 231.006 273.125 315.042 357.008 399.022 469.032 



PCB105 0.0E+00 0.0E+00 0.0E+00 3.2E-02 7.2E-02 7.2E-02 7.2E-02 1.5E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 5.1E-02 1.4E-01 2.5E-01 4.1E-01 5.5E-01 6.9E-01 6.9E-01 6.9E-01 6.9E-01 6.9E-01 6.9E-01 6.9E-01 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 5.9E-01 5.9E-01 2.1E+00 3.1E+00 5.0E+00 6.3E+00 6.3E+00 6.3E+00 6.3E+00 6.3E+00 6.3E+00 6.3E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 4.2E-02 4.2E-02 1.4E-01 3.0E-01 4.3E-01 5.3E-01 5.3E-01 5.3E-01 5.3E-01 5.3E-01 5.3E-01 5.3E-01 
PCB153 0.0E+00 0.0E+00 0.0E+00 6.5E-02 6.5E-02 1.4E-01 3.0E-01 5.0E-01 6.5E-01 6.5E-01 6.5E-01 6.5E-01 6.5E-01 6.5E-01 6.5E-01 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 3.0E-01 5.9E-01 1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00 1.1E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 5.1E-02 9.6E-02 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 1.5E-01 
PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 3.0E-01 8.5E-01 3.8E+00 5.6E+00 9.3E+00 1.2E+01 1.8E+01 2.2E+01 2.4E+01 2.5E+01 2.5E+01 2.8E+01 2.8E+01 2.8E+01 



 
 
Leach Rate (ng/g shipboard solid-day) 
 
Leaching 
Time 
(days) 



0.008 1.101 7.022 21.076 42.044 71.241 105.081 147.088 189.030 231.006 273.125 315.042 357.008 399.022 469.032 











 



 
 



D-27



Leaching 
Time 
(days) 



0.008 1.101 7.022 21.076 42.044 71.241 105.081 147.088 189.030 231.006 273.125 315.042 357.008 399.022 469.032 



 0.008 1.093 5.921 14.054 20.968 29.197 33.84 42.007 41.942 41.976 42.119 41.917 41.966 42.014 70.01 
Cl1 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl2 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl3 0.0E+00 0.0E+00 0.0E+00 1.1E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB28 0.0E+00 0.0E+00 0.0E+00 1.8E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl4 0.0E+00 0.0E+00 5.0E-01 4.4E-01 1.3E-01 1.2E-01 1.4E-01 2.4E-01 2.0E-01 1.2E-01 4.2E-02 4.4E-02 1.6E-01 4.9E-02 6.2E-02 
PCB44 0.0E+00 0.0E+00 0.0E+00 4.8E-02 0.0E+00 3.2E-02 0.0E+00 2.9E-02 2.3E-02 0.0E+00 0.0E+00 0.0E+00 2.7E-02 0.0E+00 1.4E-02 
PCB49 0.0E+00 0.0E+00 7.4E-02 3.3E-02 0.0E+00 1.3E-02 0.0E+00 1.1E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB52 0.0E+00 0.0E+00 9.9E-02 7.0E-02 6.1E-02 5.2E-02 4.3E-02 4.7E-02 4.3E-02 4.8E-02 4.3E-02 3.8E-02 5.6E-02 4.0E-02 1.8E-02 
PCB66 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB77 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl5 0.0E+00 0.0E+00 0.0E+00 9.6E-01 8.3E-01 7.5E-01 4.9E-01 7.8E-01 5.9E-01 5.2E-01 0.0E+00 2.9E-02 6.7E-01 0.0E+00 0.0E+00 
PCB87 0.0E+00 0.0E+00 0.0E+00 4.9E-02 3.6E-02 4.0E-02 3.6E-02 3.4E-02 3.0E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB101 0.0E+00 0.0E+00 0.0E+00 8.6E-02 6.1E-02 6.7E-02 6.3E-02 5.4E-02 4.5E-02 5.9E-02 0.0E+00 2.7E-02 0.0E+00 0.0E+00 0.0E+00 
PCB105 0.0E+00 0.0E+00 0.0E+00 2.6E-02 2.2E-02 0.0E+00 0.0E+00 2.0E-02 1.5E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB114 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB118 0.0E+00 0.0E+00 0.0E+00 4.1E-02 4.7E-02 4.2E-02 5.4E-02 4.0E-02 3.6E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB123 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB126 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl6 0.0E+00 0.0E+00 0.0E+00 4.8E-01 0.0E+00 5.7E-01 3.6E-01 5.1E-01 3.4E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB128 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB138 0.0E+00 0.0E+00 0.0E+00 3.4E-02 0.0E+00 3.7E-02 5.4E-02 3.4E-02 2.7E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB153 0.0E+00 0.0E+00 0.0E+00 5.2E-02 0.0E+00 3.0E-02 5.4E-02 5.2E-02 4.1E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB156 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB157 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB167 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB169 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl7 0.0E+00 3.1E+00 5.7E-01 4.0E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB170 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB180 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB183 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB184 0.0E+00 5.3E-01 8.6E-02 4.5E-02 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
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Leaching 
Time 
(days) 



0.008 1.101 7.022 21.076 42.044 71.241 105.081 147.088 189.030 231.006 273.125 315.042 357.008 399.022 469.032 



PCB187 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB189 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl8 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB195 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl9 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB206 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Cl10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
PCB209 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
tPCBs 0.0E+00 3.1E+00 1.1E+00 2.4E+00 9.5E-01 1.4E+00 9.9E-01 1.5E+00 1.1E+00 6.4E-01 4.2E-02 7.3E-02 8.4E-01 4.9E-02 6.2E-02 
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APPENDIX E: RATE CURVES FOR DATA COLLECTED AT LOW 



TEMPERATURE (4oC) AND AMBIENT PRESSURE (1 BAR) 
 
Aroclor 1254 (A1254) Dissolution Rates at 4oC 
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Black Rubber Pipe Hanger Liner (BRPHL) Leach Rates at 4oC 
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Electrical Cable (EC) Leach Rates at 4oC 
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Foam Rubber/EnsoliteTM (FRE) Leach Rates at 4oC 
 



0 50 100 150 200 250 300 350 400 450 500
1E-4



1E-3



0.01



0.1



1



10



 



ng
 o



f P
C



B
/g



 o
f s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 tPCBs
 Cl1
 Cl2
 Cl3
 Cl4
 Cl5
 Cl6
 Cl7
 ND
 ND
 ND



 



0 50 100 150 200 250 300 350 400 450 500
1E-3



0.01



0.1



1



10



11



13 14 15



16
I



J



K L



M
N O



P



n



 
 



ng
 o



f P
C



B/
g 



of
 s



hi
pb



oa
rd



 s
ol



id
/d



ay



Time (days)



 PCB8
 PCB18
 PCB28
 PCB44
 PCB49
 PCB52
 PCB66
 ND
 PCB87
 PCB101
 PCB105
 ND
 PCB118
 ND
 ND
 PCB128



1  PCB138
A  PCB153
a  PCB156



 ND
 ND
 ND
 ND
 ND
 ND
 PCB184
 ND
 ND
 ND
 ND
 ND



 
 











 



 
 



E-5



 
Aroclor 1268 (A1268) Dissolution Rates at 4oC 
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Bulkhead Insulation (BHI) Leach Rates at 4oC 
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Felt Gasket/Inner (FGI) Leach Rates at 4oC 
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Felt Gasket/Outer (FGO) Leach Rates at 4oC 
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Aluminized Paint (AP) Leach Rates at 4oC 
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Comparison of Leach Rates at 4oC to Leach Rates at 25oC 
 
To address the absence of more samples (leaching of additional samples) at 25oC, the low temperature 
leaching results were corrected for temperature and evaluated to provide confidence that they are 
sufficiently representative. This evaluation is based on enthalpy of solution data from the literature to 
correct for temperature effects on dissolution properties[Dickhut, R.M. et al 1986] and uses the 
integrated form of the van’t Hoff equation for dilute solutions as shown below. This equation can be 
used to calculate the concentration of a soluble chemical species (e.g. a PCB congener) at a given 
temperature.  
 



∆Hss = RT(C-ln(x)) 
 
where ∆Hss is the enthalpy of solution of the solid, C is an experimentally determined integration 
constant, x is concentration, T is temperature, and R is the universal gas constant. Requirements for 
using this approach included identifying a PCB congener, for which ∆Hss and C were reported, and that 
was consistently detected in most of the leaching experiments for all shipboard solids at both 
temperatures. Fortunately, a congener was identified (one of the few noted), PCB101 (2,2’4,5,5’-
pentachlorobiphenyl), that met all of these requirements. Using temperature dependent solubility 
parameters for PCB101[Dickhut, R.M. et al 1986], in which C was experimentally determined to be -
8.0159, and ∆Hss determined to be 31.9 kJ/mol, the respective concentrations for each of the leaching 
temperatures (4oC & 25oC) were calculated. The ratio of these (4oC concentration to 25oC concentration) 
was then used to initially correct for the temperature dependence of the dissolution component in the 
4oC A1254 dissolution curve, which is the experiment in the leach rate study that should bear a close 
similarity to a solubility study. This result provided a very good correspondence upon comparison to the 
25oC curve for A1254. In a similar manner, this approach was also then used to correct the 4oC EC 
(Electrical Cable) experiment, and it compared well to EC at 25oC. We then assumed that the behavior 
of PCB101 was representative of the other congeners in the pentchlorobiphenyl homologue group and 
performed similar corrections for the congener and the homologue leach rate curves for A1254 and EC 
at 4oC and compared them to the A1254 and EC curves at 25oC. All of these results described for A1254 
and EC are included for comparison below, in addition to similar corrections and comparisons of 
leaching results for other shipboard solid materials and Aroclor 1268 (A1268) at 4oC. 
 
While this approach can not likely be extrapolated to the other homologues in each sample, the data 
treatment and close correspondence between temperature-corrected 4oC and the corresponding empirical 
25oC curves provides a reasonable level of confidence in the use of the empirical leach rate study results 
to represent mass release for materials onboard a vessel.  
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4C A1254 Leach Rate Curves Corrected to 25C
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25C A1254 Leach Rate Curves
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4C EC LR Curves Corrected to 25C
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25C EC LR Curves
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4C BHI LR Curves Corrected to 25C
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25C BHI LR Curves
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4C AP LR Corrected to 25C
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25C AP LR Curves
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4C BRPHL LR Curves Corrected to 25C
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25C BRPHL LR curves
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4C FRE LR Curves Corrected to 25C
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25C FRE LR Curves
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4C A1268 LR Curves Corected to 25C
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25C A1268 LR Curves
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4C FGI LR Curve Corrected to 25C
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I.  Introduction 
 
A. A Regional Perspective 
 
Aquatic organisms bioaccumulate and bioconcentrate environmental pollutants, which over time 
may be concentrated to levels that cause physiological impairment in humans from consuming 
fish and shellfish. Segments of the human population with increased toxic exposure risk include 
consumers of commercially harvested seafood, recreational fishers, and segments of society that 
may rely on harvestable species for subsistence. Significant quantities of fish and shellfish are 
harvested both commercially and recreationally within the Pensacola Bay System and near 
coastal waters, and sporadic previous work has documented contamination in the system with 
PCBs, Dioxins, and metals (Duke et al., 1970; Wilson and Forester, 1978; Oliver et al., 2001, 
Lewis et al., 2001; DeBusk et al., 2002).  A comprehensive survey of contaminants in seafood 
has not been conducted in the region, or in the State of Florida.  
 
Monitoring of fish and shellfish tissues is common throughout the country as an indicator of 
potential human exposure to contaminants in sediments and water.  These analyses are used for 
the establishment of consumption advisories for specific species and size classes in specific 
regions or water bodies. The State of Florida has established fish consumption advisories mainly 
for mercury in most freshwaters and for selected marine species, with limited advisories for 
dioxins, pesticides and contamination by PCBs.  However, contamination by PCBs, 
Dioxins/Furans, and PBDEs is receiving increasing attention in Florida (Gelsleichter et al., 2005; 
Johnson-Restrepo et al., 2005).  Assumptions that levels of contamination in the marine 
environment would begin to decrease with the end of production and use of PCBs have not been 
validated.  Indeed, evidence to the contrary has indicated that PCB levels may be substantially 
higher now in Bull sharks and Bottlenose dolphins than they were a decade ago (Johnson-
Restrepo et al., 2005) 
 
Within the State of Florida, fish consumption advisories exist for methyl mercury in several 
marine species within the Gulf of Mexico, and for freshwater species found in various rivers and 
estuarine systems (Adams and McMichael, 2001). Within the Pensacola Bay System, mercury 
advisories have been established for the major rivers (Escambia, Blackwater, Yellow).  
Consumption advisories based on mercury concentrations also exist for marine species such as 
the Spanish and king mackerels, which seasonally enter the Pensacola Bay System. 
 
With a known history of PCB contamination and elevated mercury levels in some fishes, our 
primary focus was on Polychlorinated Dioxins/Furans (DF), Polychlorinated biphenyls (PCBs), 
and mercury (Hg) in harvested seafood of the NW Florida region.  Other compounds were found 
to be of minor significance, and this report will focus on DF, PCBs and Hg.  In order to better 
assess the distribution of these compounds in regionally harvested fish and shellfish, data 
collected in a survey of PCBs and Hg in offshore fishes prior to the sinking of the ex-Oriskany as 
an artificial reef (http://www.uwf.edu/cedb/Oriskany.cfm), results from CDC-supported PERCH 
project studies on contaminants in oysters and crabs in the Pensacola Bay System, and 
contaminants in largemouth bass from regional lakes and ponds are also included in this report.  
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B.  PCBs, DF, and Hg 
 
Polychlorinated dibenzo-p-dioxins, with potentially 75 different chlorinated molecular 
configurations (congeners), and polychorinated dibenzofurans, with potentially 135 congeners, 
are by-products of natural and anthropogenic combustion and chemical manufacturing activities, 
and are collectively referred to in this document as Dioxins/Furans (DF).  Polychlorinated 
biphenyls (PCBs), with 209 possible congeners, were manufactured from 1929 to 1977 as 
industrial fluids and plasticizers.  These compounds are not easily degraded in the environment, 
and they tend to be hydrophobic and strongly partition into lipids.  The tendency to absorb into 
lipids and fats has been used in modeling biological and environmental behavior of these 
molecules as partitioning coefficients in octanol-water phases (KOW; 
http://environ.nosc.mil/Projects/REEFEX/index.html). PCB contamination comes from industrial 
use, spillage, and disposal of these synthetic compounds, mostly in freshwaters and estuaries, 
though some marine disposal has been suspected.  PCBs are also known to be deposited from the 
atmosphere (Park et al., 2001), but this flux is relatively minor compared to direct discharges to 
aquatic systems (Howell et al., 2007).  Distribution of these compounds by highly mobile biota 
may be significant, yet is poorly understood. 
Fish consumption advisories based on mercury (Hg) concentrations in fish are prevalent in both 
fresh and salt waters.  Hg contamination of the marine environment comes mainly from 
landscape runoff carrying terrestrial deposits of Hg and from atmospheric deposition of 
combustion-sourced material and dust particles. Elemental Hg is converted to an organic methyl-
Hg form by sulfate reducing bacteria in anaerobic environments (sediments mostly).  The 
methyl-Hg form of Hg accumulates in biota and has toxic properties.  Since most of the tissue 
burden of mercury is in the form of methyl-Hg, total Hg content is often used to analyze tissues. 
 
DF, PCBs, and Hg (as methyl-mercury) tend to bioaccumulate in both individual organisms with 
time and with trophic transfers up food webs.  With few exceptions, higher concentrations tend 
to be found in the top level predators.  Ecological distribution of concentrations of Hg and PCBs 
in fish tissues is often not correlated and can be species specific, indicating different sources and 
dynamics of these compounds in the environment coupled with ecological differences in life 
history patterns of biota that affect bioavailability, spatial dispersion, and human exposure 
through harvested seafood. 
 
 
C.  Previous documentation of PCBs in Pensacola Bay System 
 
The Lower Escambia River is the location of a historical point source of PCBs. In the late 1960s, 
an industrial plant was found to be discharging one to three gallons per day of Aroclor 1254 into 
the Escambia River from the use of Pydraul AC in air compressors (Parrar et al., 1969). This 
spill contaminated the biota and sediments of the entire Escambia Bay System to very high 
levels, and has been documented in the science literature (Tables 1-3).  Other studies have found 
contamination in the urban bayous (Table 1), although no comprehensive survey has been 
conducted that would prompt action by the State of Florida Department of Health to issue 
advisories for human consumption of contaminated seafood.    
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Table 1.  Documentation of DF and PCBs in biota and sediment of the Pensacola Bay System. 
Reference Finding 
Duke et al., 1970 PCBs in fish and crustaceans up to 184 ppm; partitioning in fish tissues 



(liver) from Escambia Bay 
Nimmo et al., 1975 Bioaccumulation in hepatopancreas and ventral nerve of Escambia Bay 



Penaeids and fish. 
Wilson & Forester 1978 Escambia Bay oysters with high PCB concentrations, declining over time 



(1969-1975), highest during spawning  
Rubinstein et al., 1984 Dietary contribution more important than PCB sediment contact for Spot via 



polychaetes. 
Oliver et al., 2001 Significant body burdens of PCBs, PAHs, DDT, Chlordane, Zn, and Hg in 



oysters within Pensacola Bay system. 
Lewis et al., 2001 Contamination in Pensacola Bay System bayou sediments, gradient toward 



open bay 
DeBusk et al., 2002 Atlas of previous sediment contamination work 
Hemming et al., 2002 Sediment Dioxins TEQs 23.8 in Escambia Bay, 13.57 in S. R. Sound 
Karouna-Renier et al., 2007 DF & PCBs in crabs and oysters from Pensacola Bay System 
 
Table 2.  PCB (Aroclor® 1254) in organisms in Escambia Bay (Duke et al., 1970) 
Organism Location ppm  as Aroclor 1254 
Paralichthys sp. liver Mulatto Bayou 76 
Paralichthys sp. muscle “ 4.5 
Paralichthys sp. gills “ 19 
Micropogon undulatum “ 12 
Brevortia patronus “ 11-12 
Lagodon rhomboides “ 10 
Cynoscion nebulosa liver Pensacola Bay 21 
Cynoscion nebulosa gills “ 7.5 
Cynoscion nebulosa Northern Escambia Bay 20 
Paralichthys sp. liver “ 184 
Penaeus spp Mulatto Bayou 1.5 
Callinectes sapidus Northern Escambia Bay 2.5-7.0 
Callinectes sapidus Mulatto Bayou 1.0 
 
Table 3.  PCB (Aroclor® 1254) in organisms in Escambia and East Bays (Nimmo et. al., 1975). 
Organism Escambia Bay 



(ppm as Arolclor 1254) 
East Bay 



(ppm as Aroclor 1254) 
Neritima reclivata 0.49 ND 
Penaeus aztecus, P. setiferus 0.98 Trace 
Callinectes sapidus 6.90 0.46 
Anchoa mitchelli 3.00 0.68 
Arius felis, Bagre marinus 3.30 0.58 
Menedia berylina 10.0 0.95 
Bairdiella chysura 4.50 0.48 
Cynoscion arenarius 1.50 - 



Cynoscion nebulosa - 0.12 
Leiostomus xanthurus 1.6 Trace 
Micropogon undulatum 1.6 Trace 
Trinectes maculatus 1.3 ND 
Trichiurus lepturus 2.90 0.72 
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D.  Previous documentation of PCBs in the Gulf of Mexico 
 
Studies on persistent organic pollutants in the Gulf of Mexico have focused mainly on fish from  
coastal systems (Kennicutt et al., 1988; Harvey et al., 2008) or stranded bottlenose dolphins 
along Gulf beaches (Wells et al., 2005).  From a public health perspective, mercury is the only 
toxicant that has received attention in Florida marine fisheries.  Work conducted by EPA 
(EMAP; Harvey et al., 2008) and NOAA (Wade et al., 1988) in Gulf estuaries has documented 
widespread contamination by trace metals and persistent organics, including PCBs, associated 
with human activity.  Recently, NOAA (Krahn et al., 2005) tested some organisms in Mississippi 
Sound due to public concern for offshore pollutant transport from hurricane Katrina flooding and 
concluded that the levels of contaminants were below levels for concern.   
 
Despite the lack of attention paid to PCB contamination along the Gulf Coast, PCBs are of 
particular concern because of their toxicological effects and due to their ability to be 
accumulated by biota.  Bioaccumulation is manifested in fish as body burden increases with age 
and with trophic level such that environmental contamination that might not trigger concern may 
result in unacceptable levels of PCBs in harvested fish.  For example, despite a comprehensive 
analysis of sediments indicating few areas for concern, recent work in San Francisco Bay has 
resulted in a fish consumption advisory for PCB body burdens in top level predatory fish 
(http://www.epa.gov/region9/water/dioxin/sfbay.html).  Data on bottlenose dolphins (Tursiops 
truncatus) in the Gulf of Mexico showed that males accumulate high concentrations of PCBs in 
blubber with age (>100 ppm).  However females show much lower and relatively stable levels as 
a result of depuration by birth of offspring and lactation (<15 ppm; Wells et al., 2005). Similar 
dynamics as a result of egg production in fishes has not been shown. 
 
Along the northern Gulf Coast, PCBs have been reported from Loggerhead turtles (Alam and 
Brim, 2000), bottlenose dolphins (Salata et al., 1995; Watanabe et al., 2000; Wells et al., 2005; 
Johnson-Restrepo et al., 2005), and bony and cartilaginous fishes in coastal waters (Geleichter et 
al., 2005; Johnson-Restrepo et al., 2005) indicating that connectivity between estuarine and 
offshore food webs may serve as a conduit for translocating contaminants, including PCBs, 
offshore.  Analysis of PCBs in other biota of the offshore environment of the northern Gulf of 
Mexico has been limited, and mostly date to the 1970s.  Table 4 lists available data, including: 
benthic invertebrates (rock shrimp), net plankton (>200 μm), and relatively few fishes.  Values 
for grouper are plotted in Figure 1.  It should be noted that quantification of PCBs as Aroclors, as 
reported in these studies, has been shown to underestimate total PCBs by as much as five fold 
(Connor et al., 2005). 
 
 











 5



Table 4.  PCB body burdens (ng/g) in biota from the northern Gulf of Mexico. 
Species Location wet wt lipid Reference notes 



Rock shrimp 
Off Pensacola           
(30 00.5'; 87 17.5') 6   Giam et al., 1972. 



quantified as 
Aroclor 1260 



Net plankton 
Off Pensacola           
(30 00.5'; 87 17.5') 157   Giam et al., 1973 



quantified as 
Aroclor 1260 



Net plankton 
Off Cape San Blas    
(29 19.5'; 83 28.0') 1055   Giam et al., 1973 



quantified as 
Aroclor 1254 



Plankton  
Off Pensacola           
(29 19'; 87 01') 0.1 112.359 Baird et al., 1975 



quantified as 
Aroclor 1254 



Mesopelagic fish 
Off Pensacola           
(29 19'; 87 01') 



0.033, 
0.158, 
0.040 



12.027, 
4.313, 
3.418 Baird et al., 1975 



quantified as 
Aroclor 1254 



Plankton  
Off Pensacola           
(29 26'; 87 17') 0.157 19.087 Baird et al., 1975 



quantified as 
Aroclor 1254 



Grouper 18 samples GOM 33   Giam et al., 1974 
quantified as 
Aroclor 1260 
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Figure 1.  PCB body burdens in groupers from the Gulf of Mexico, Florida Keys and Bahama 
Islands.  The only sample close to the northern Gulf of Mexico is the Flower Gardens (Pink X 
square), likely impacted from coastal Louisiana and Texas.  Data plotted from Giam et al., 1974. 
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E.  PERCH goals and overall approach 
 
As part of our PERCH (Partnership for Environmental Research and Community Health) project, 
this study was initiated to assess the potential for human exposure to toxic substances in the 
environment from consumption of harvested fish and shellfish in the Pensacola Bay area.  Most 
animal exposure to environmental toxins is through eating contaminated foods.  People in the 
Northwest Florida region consume significant quantities of fish and shellfish harvested from 
regional waters by individuals (recreational) or commercial operations (see Tables 5 and 6).  
Previous studies have documented both sediment and regional biota contamination with Dioxins-
Furans, PCBs, pesticides, herbicides, and metals, and some reports have documented 
contamination in regional biota as noted in the previous section.  Many of the common 
contaminants can be bioaccumulated in organisms due to retention rates exceeding depuration 
rates with age, and due to bioconcentration with trophic transfers up the food chains.  Thus the 
oldest/largest and top predatory species tend to have the highest body burdens of toxic materials 
and present the greatest risk to consumers. 
 
In order to assess regional contamination patterns, specific guidelines for conducting body 
burden assessments for harvestable fish and shellfish species promulgated by the US EPA with 
the help of the American Fisheries Society (USEPA, 2000) were followed in this investigation. 
Screening values from that document were used to assess critical levels of contamination, with 
the recreational consumption screening values, based on one 4.3 oz meal per week: TEQDFP = 
0.256 ng/kg, Total PCBs = 20 μg/kg, Hg = 0.4 mg/kg.  State of Florida screening values based 
on a single 8 oz meal per week for the general population were also indicated in some data 
presentations: TEQDFP = not established, Total PCBs = 50 μg/kg, Hg = 0.6 mg/kg.  Data were 
not accepted into analysis unless the measured concentrations were greater or equal to 5 times 
the blank values for each analysis lot.  Non-detects (ND) were substituted for ½ the reported 
detection limits (DL) and were also treated as zero values. This report mostly presents ND = 0 
values, although ND = ½ DL values have been used to estimate human health risks in other 
reports (Karouna-Renier et al., 2007; Karouna-Renier et al., in prep).  In the case of ND = 0, 
estimated maximum possible concentration (EMPC) values were included (see: 
http://www.gcisolutions.com/1295tn.htm). 
 
In the first phase, a seafood consumption survey was conducted (Section I. F) and two indicator 
organisms were targeted (Section I. G) with funding from the Centers for Disease Control and 
Prevention (CDC).  American oysters, Crassostrea virginica, were chosen as attached filter 
feeders that would concentrate compounds suspended in the water column.  As an attached 
species, they would provide site-specific information on contaminant bioavailability.  Specimens 
were recovered from bridge pilings and commercial and recreationally harvested oyster beds.  
Whole oyster tissues were analyzed.  Blue crabs, Calinectes sapidus, were targeted for their 
exposure to benthic contamination as predators of benthic prey species and their habit of 
burrowing into the substrate to hide.  Males were targeted for analysis due to the assumption that 
they would have more site fidelity than females, which migrate to the lower high salinity reaches 
of the estuary to hatch eggs. Both the muscle tissue and hepatopancreas were analyzed for 
contaminant loads. 
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The second phase of the study focused on largemouth bass (Micropterus salmoides), and striped 
mullet (Mugil cepahlus), as commonly caught and consumed and widely distributed and 
abundant species covering the rivers and the bays of the Pensacola and Perdido Bay Systems 
watersheds.   
 
The third phase of the study targeted other species of estuarine and marine fishes, including those 
predominantly found within the estuaries, those known to seasonally enter the estuaries, and 
offshore species commonly harvested and consumed by the public.  The complete dataset 
compiled here also includes samples from a survey of offshore fishes in a separate project 
(snyder  http://www.uwf.edu/rsnyder/reports/Oriskrpt.pdf.   
 
 
F.  A survey of public seafood harvest and consumption 
 
During the first year of the PERCH project, CDC funded a survey to assess both harvest and 
consumption patterns for regional fish species.  This survey was used to choose the fish used for 
contaminant analysis and to evaluate potential public health risk.  A total of 9000 survey forms 
were mailed out to Escambia and Santa Rosa Counties (4500 each), with 1500 returned (16.6%). 
Of the total respondents, 264 (17.6%) had harvested fish in the two week period prior to the 
survey, 875 (58.3%) ate seafood at restaurants, and 770 (51.3%) consumed seafood purchased at 
retail outlets.  This indicates significant exposure of the regional population to harvested seafood 
and the contaminants contained therein.  A summary of the harvested and consumed fish in the 
NW Florida region from that survey is presented in Table 5.  For comparison purposes, the 
estimated commercial fishery landings from 2008 are presented in Table 6. 
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Table 5.  The top 20 most commonly harvested (recreational) 
and consumed (from any source) finfish in the Northwest 
Florida region.  Results are from a consumer and fisherman 
survey conducted by UWF at the beginning of the project. 
% of total reported caught  % of total reported eaten 
Spotted Sea Trout 10.34%  Snapper 13.18%
Mullet 8.95%  Spotted Sea Trout 12.22%
Snapper 8.55%  Mullet 11.90%
King Mackerel 7.55%  Flounder 7.07% 
Red Drum 7.36%  Grouper 6.43% 
Flounder 5.96%  Spanish Mackerel 6.11% 
Spanish Mackerel 5.96%  Amberjack 5.79% 
Grouper 5.96%  Red Drum 5.47% 
Croaker 5.77%  Croaker 4.82% 
White Trout 4.97%  King Mackerel 4.50% 
Triggerfish 4.77%  Triggerfish 4.50% 
Amberjack 4.37%  White Trout 4.18% 
Sheepshead 3.38%  Sheepshead 3.54% 
Shark 2.39%  Pompano 2.25% 
Pinfish 2.39%  Bluefish 1.61% 
Hardhead Catfish 2.19%  Cobia 1.61% 
Bluefish 1.99%  Dolphinfish 1.29% 
Pompano 1.99%  Black Drum 0.96% 
Ladyfish 1.79%  Blackfin Tuna 0.96% 
Gafftopsail Catfish 1.79%  Yellowfin Tuna 0.96% 
Hardtail 1.59%  Shark 0.64% 
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Table 6.  Commercial fisheries landing estimates for 2008 for the Pensacola Bay area*.   



Species 
Escambia 
County, FL 



Santa Rosa 
County, FL  



Pensacola 
Bay area 
total 



Mullet 261,242 120,450 381,692 
Vermillion Snapper 371,409 1,748 373,157 
Blue crab 114,596 22,216 136,812 
Brown Shrimp 132,429 580 133,009 
Red Snapper 86,344 0 86,344 
Flounder 19,776 1,963 21,739 
Oysters 0 18,935 18,935 
Scamp (a grouper) 11,799 0 11,799 
Amberjacks 10,546 96 10,642 
Sheepshead 8,164 1,064 9,228 
White Trout 7,346 660 8,006 
Croaker 4,922 710 5,632 
Black Drum 4,108 313 4,421 
Squid 3,522 0 3,522 
Spot 3,337 162 3,499 
Gag (a grouper) 3,059 8 3,067 
Spanish Mackerel 1,642 589 2,231 
Red Grouper 1,935 0 1,935 
Whiting 1,713 54 1,767 
Spotted Seatrout 653 1,087 1,740 
Triggerfish 1,424 30 1,454 
Pompano 960 347 1,307 
King Mackerel 1,111 0 1,111 
Bluefish 640 149 789 
Wahoo 78 0 78 



*http://research.myfwc.com/features/view_article.asp?id=19224 
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G.  Blue crabs (Calinectes sapidus) and American oysters (Crassostrea virginica) as 
indicators of regional environmental contamination in the Perdido and Pensacola Bay 
Systems, NW Florida. 
 
An initial screening level assessment of contaminants was conducted for blue crabs (Callinectes 
sapidus) and oysters (Crassostrea virginica) collected from various locations in bays and bayous 
in the Pensacola, FL area. Tissue samples were analyzed for mercury, arsenic, cadmium, 
chromium, copper, lead, nickel, selenium, tin, zinc, 17 dioxin/furan compounds, and 12 dioxin-
like PCB congeners (PCB-77, PCB-81, PCB-105, PCB-114, PCB-118, PCB-123, PCB-126, 
PCB-156, PCB-157, PCB-167, PCB-169, and PCB-189). Contaminant levels were compared to 
Screening Values (SV) calculated using the U.S. EPA recommendations for establishing 
consumption advisories. Four different consumption rates were used in the derivation of the SVs.  
 
Five chemicals of concern (dioxins/furans/PCBs, arsenic, mercury, cadmium, and zinc) were 
identified in either crab muscle, crab hepatopancreas, total crab tissue, or oysters based on 
exceedence of one or more SVs. Health risks (non-carcinogenic and carcinogenic) that may arise 
as a result of consumption of these shellfish species were also assessed. DF/PCBs accounted for 
85-99%, 60-90%, 27-94%, and 53-99% of the total excess cancer risks for crab hepatopancreas, 
total edible crab tissue, crab muscle, and oysters, respectively. The relative contributions of 
dioxins/furans and dioxin-like PCBs to the TEQs and resultant risks varied with location, as 
evident from analysis of the crab hepatopancreas samples. DF were greater contributors in 
samples from Bayou Chico and Perdido Bay, whereas PCBs were dominant in Bayou Grande 
and Western Escambia Bay. The locations that exceeded SVs and had the highest carcinogenic 
or non-carcinogenic health risks were generally located in urbanized waterbodies (Bayou Texar, 
Bayou Grande, and Bayou Chico) or downstream of known contaminated areas (northern and 
western Escambia Bay; Figure 2). Oysters collected from commercial oyster beds in Escambia 
and East Bays, and crabs collected from East, Blackwater, and Perdido Bays generally had the 
lowest levels of contaminants. Crab hepatopancreas had approximately 25 times the toxicity of 
crab muscle (Figure 3).  Despite accounting for only 15% of the total tissue, inclusion of 
hepatopancreas in a crab meal increased contamination to levels above many SVs, and therefore, 
direct or indirect consumption of hepatopancreas from crabs in the Pensacola Bay system should 
be discouraged. Further investigation is warranted to determine whether consumption advisories 
should be issued for shellfish from specific locations in the Pensacola Bay System.  
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Figure 2.  Total TEQ values for oysters (top) and crab muscle tissue (bottom) by location within 
the Pensacola Bay region.  The green line represents the US EPA screening value for recreational 
fisher consumption. 
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Figure 3.  Correlation between TEQ values for crab muscle and crab hepatopancreas.  The slope 
estimate suggests that, on average, hepatopancreas will contain 26 times the TEQ of the crab 
muscle tissue. 
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II.  Largemouth bass (Microterus salmoides) and striped mullet (Mugil cephalus) as 
sentinels of environmental contamination in Northwest Florida watersheds. 
 
The Second phase of the study targeted two fishes as indicators of bioavailable contaminants.  
Striped mullet (Mugil cepahalus) was chosen as a ubiquitous and abundant estuarine fish 
indicator species, harvested and consumed in large quantities by the local population.  
Largemouth bass (Micropterus salmoides) was chosen as a freshwater indicator species as a 
ubiquitous and sought after recreational sport fish.  These two species overlap ranges, with 
mullet ascending into freshwaters, and bass entering the low salinity parts of the estuaries, 
providing coverage of the watersheds of the region.  
 
 
A. Natural history of target species 
 
i.  Largemouth bass.  Micropterous salmoides is a common freshwater carnivore and highly 
sought after as a recreational fishery species.  Largemouth bass are primarily piscivores as adults 
switching from invertebrate prey to fish in their first summer (Ludsin and DeVries, 1997; Post, 
2003), making them susceptible to bioaccumulation of toxic materials as both individuals and via 
trophic transfer magnification. Consumption advisories for mercury content are common for this 
species and, in the State of Florida, nearly all freshwaters have an advisory for limited 
consumption, with a few locations with a non-consumption advisory.  Males establish nests in 
shallow areas where eggs are laid and guarded. Largemouth bass are territorial and have limited 
home ranges (Lewis and Flickinger, 1967; Mesing and Wicker, 1986; Ahrenstrorff et al., 2009), 
and they return to these home ranges after seasonal migrations to deeper waters (Lewis and 
Flickinger, 1967) and following capture and relocation within the same water body (Hasler and 
Wisby, 1958) making them fairly sedentary as adults. Largemouth bass are known to tolerate low 
salinity (4 ‰) where rivers enter estuaries.  Males tend to live to 5-7 years, females to 10 years 
(Padfield, 1951). 
 
ii.  Striped mullet.  Mugil cephalus is a common saltwater species along the Gulf of Mexico 
coastline, and has been historically and currently heavily harvested as both a commercial and 
recreational species along the Gulf coast (Matthews, 1928; Rivas, 1980).  Consumption rates by 
locals are high, as the fish is abundant, easily caught, relatively inexpensive to buy, and popular 
in restaurants and fish fry events. Large schools of these fish congregate in the lower estuaries 
every fall and move en masse out to the shelf break in the Gulf to spawn during November to 
March, correlated with tidal amplitude and northerly winds (Ibáñez and Benítez, 2004; Aguirre 
and Gallardo-Cabello, 2004).  Adults return to the estuaries.  Juveniles can be found in the tidal 
creeks, saltmarshes and seagrass beds in the spring, feeding on small crustaceans and insects 
(Harrington and Harrington, 1961; De Silva, 1980).  Adults are found throughout the estuaries 
and up into fresh waters foraging on algae and detritus along with significant amounts of 
sediment (Odum, 1970), becoming less selective with age (Eggold and Motta, 1992), and thus 
are a low trophic level fish in Gulf of Mexico estuaries (Table 7; Akin and Winemiller, 2008).  
This makes biomagnifications by trophic transfers less likely for this species than accumulation 
with age as individuals. Striped mullet are thought to live to be about 6 years of age, although 
most fish are harvested at age two (Rivas, 1980), which may also limit accumulation of 
contaminants. Due to the refractory nature of their food, adult mullet have a long gut relative to 
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other fishes (Odum, 1970), which may increase absorption efficiency of contaminants in their 
diet.  Tagging studies have suggested some site fidelity despite annual spawning migrations of 
up to 50 miles, and some evidence suggests populations maybe specific to certain coastal regions 
or estuaries (Rivas, 1980), although spawning near the Mississippi River Delta may recruit to 
both the eastern and western Gulf (Ditty and Shaw, 1996).   
 
 
Table 7.  Mean trophic position of estuarine biota (data from Akin and Winemiller, 2008) 
Species Tropic position by prey Trophic position by δ15N 
Cyprinodon variegatus 2.00 ± 0.00 2.19 
Adinia xenica 2.02  
Brevoortia patronus 2.02 ± 0.00 3.65 
Mugil cephalus 2.11 ± 0.06 2.45 
Penaeus setiferus 2.14 ± 0.14 2.02 
Dorosoma cepedianum 2.17 ± 0.17 3.05 
Farfantepenaeus aztecus 2.36 ± 0.00 1.72 
Fundulus grandis 2.34 ± 0.28 2.09 
Callinectes sapidus 2.58 ± 0.24 2.66 
Leiostomus xanthurus 2.93 ± 0.09 3.31 
Cynoscion arenarius 3.14  
Cynoscion nebulosus 3.20 ± 0.04 3.28 
Micropognias undulatus 3.07 ± 0.19  
Parachlithys lethostigma 3.27 ± 0.18 3.27 
Scianops ocellatus 3.40 ± 0.19 3.29 
 
 
B. Materials and Methods 
 
Several sampling methods were employed for fish collection including: 1) cast net for striped 
mullet (Mugil cephalus), 2) electrofishing for both mullet and largemouth bass with the aid of the 
State of Florida Fish and Wildlife Research Institute, Fish and Wildlife Conservation 
Commission, Holt Fish Hatchery personnel, 3) hook and line for bass, and 4) an underwater 
demolition explosion on the I-10 bridge crossing the middle of Escambia Bay yielding a variety 
of estuarine species in addition to mullet.   
 
Multiple composite samples of filleted target species were analyzed from each location. The I-10 
bridge samples were analyzed as individual fish.  All fish were handled with gloved hands. 
Location, date and time of sampling and fish length were recorded in the field, and multiple 
specimens were sorted into similar-sized composite samples.  Specimens were wrapped in foil 
and placed in sealed plastic bags on ice with identification labels for transport to the laboratory 
for processing.  In the laboratory, fish were re-measured and weighed.  All processing equipment 
was washed in mild soapy water, rinsed in a sequence of hot tap water, ethanol or propanol, and 
purified water.  Foil sheets were used to cover cutting boards and to handle fillets.  Stainless steel 
fillet knives were used to collect bone- and skin-free samples.  Total fillet weight was recorded, 
tissues were macerated in a Foss Tecator tissue homogenizer, and a minimum of 200 g 
homogenized tissue added to certified, clean sample jars. Tissue samples were kept frozen until 
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transport on ice to Pace Analytical Laboratories, MN for analysis of organics: Dioxins-Furans 
(DF), Polychlorinated Biphenyls (PCBs), DDT and its derivatives (4,4-DDD, 4,4-DDE, 4,4-
DDT) Dieldrin, γ-Chlordane, Heptachlor Epoxide, and metals: mercury (Hg), Arsenic (As), 
Inorganic Arsenic (In. As).  Toxic equivalent quotients (TEQ) were calculated for DF (TEQDF), 
Dioxin-like co-planer PCBs (TEQP), and combined DF and Dioxin-like PCBs (TEQDFP).  The 
revised toxic equivalent factors (TEF) for these compounds were used for the TEQ calculations 
(Van den Berg et al., 2006). 
  
 
C. Results and Discussion 
 
i.  Largemouth bass 
 
Metals (other than mercury), and pesticide/herbicide residues did not emerge as important 
contaminants in this region.  Mercury (Hg) levels in largemouth bass were high in seventeen of 
the twenty-one locations sampled (Tables 8, 9; Figure 5) with only four locations having 
concentrations of total mercury below the US EPA recreational threshold of 0.4 mg/Kg.  These 
sample locations included the Tiger Point wastewater treatment plant (WWTP) effluent flow 
through pond, a stocked pond in northern Santa Rosa County (Bear Lake), and from a quarry pit 
pond near Bayou Chico, and from 11-mile creek.  The WWTP and 11- mile creek are both 
dominated by ground water sources from municipal and industrial well sources respectively, 
which may explain their low levels.  The low levels of Hg in Bear lake fish may be due to fish 
being hatchery-raised.  Four additional composites were below the State of Florida threshold at 
0.6 mg/kg Hg.  These samples included three lake samples and one from the lower Escambia 
River. In Woodbine Lake, three bass composites were above the State of Florida limit for a no 
consumption advisory (1.5 mg/kg) at 1.6, 2.3 and 2.5 mg/kg).  These anomalously high values in 
a flowing spring fed pond system likely reflects a geologic source of Hg.  
 
Total Polychlorinated biphenyl (PCB) content in large mouth bass was low for all sample 
locations except the Escambia River Delta (Table 8; Figure 5). Muscle tissue burdens in bass 
from the Escambia River delta exceeded the US EPA recreational screening value (20 μg/kg), 
ranging from 23.4 to 61.0 μg/kg in four composites.  Average composite fish ages were 2 to 4.3 
years, average composite fish lengths were 320 to 337 mm, and average composite fish weights 
were 401 to 517 g (0.88 to 1.14 lbs), indicating relatively young and small fish for this species.  
These results prompted the State of Florida to establish a threshold for fish consumption 
advisories based on PCB content (50 μg/Kg).  Two of the bass composites from Escambia River 
delta exceeded that limit. The next highest PCB content was recorded in a single fish at a flow 
though holding pond for a waste water treatment plant (WWTP) at 11.2 μg/kg and a three-fish 
composite (10.324 μg/Kg ) from a quarry pit reported to have received dredge spoil from Bayou 
Chico. 
 
Dioxins/Furans (DF) content, represented as the toxic equivalent concentration (TEQ) for 
specific congeners, but not including the co-planar “dioxin-like” PCBs, was low for largemouth 
bass throughout the area, with two sites yielding composite samples above the US EPA TEQ 
screening threshold for recreational fisher consumption (0.256 ng/kg).  Upper Escambia River 
had a composite with TEQDF of 0.46 ng/kg, and the lower Yellow River had a composite with a 
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TEQDF of 0.56 ng/kg.  Despite high PCB content, samples from the lower Escambia River were 
at the threshold but no higher. Also unexpected was the low TEQDF (0.155ng/kg) value for bass 
recovered from 11-mile creek off Perdido Bay, which is dominated by effluent from a paper mill 
and has high sediment DF levels (Hemming et al., 2002), presumably from previous chlorine 
bleaching processes. 
 
In general, larger, older fish had higher bioaccumulation of contaminants.  However, any overall 
accumulation with age was also affected by the site-specific characteristics of contaminant 
bioavailability, and accentuated by the limited home ranges of these fishes in open waters 
(Figure 5). Woodbine Lake samples (Figure 6) had very high mercury content in relatively small 
fish.  For PCBs, relatively small fish in the lower Escambia River had the highest PCB loads.  
Only the bass caught in the lower river locations downstream of the 1969 spill had significant 
PCB loads, while those caught upstream of the spill location had near background PCB loads. 
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Table 8.  Summary data for largemouth bass Micropterus salmoides collected in river systems of 
NW Florida.  Bold values exceed US EPA screening values for recreational fisher consumption. 
 



Location n 



Mean 
Length 
(mm) 



% 
Lipids 



TEQDF 
ng/kg 
ND=0



TEQP 
ng/kg 
ND=0



TEQDF



P ng/kg 
ND=0 



ΣPCBs 
μg/kg



Hg 
mg/kg 



11 Mile Creek 3 335 0.3 0.0161 0.0011 0.0172 2.62 0.32
11 Mile Creek 3 321 0.1 0.0727 0.1175 0.1902 4.89 0.42
11 Mile Creek 3 260 0.1 0.1045 0.3546 0.4591 4.71 0.36
11 Mile Creek 1 439      3.115 0.3667
Blackwater River Lower  4 367 0.1 0.0474 0.251 0.2984 8.27 0.58
Blackwater River Lower  4 329 0.2 0.0062 0.0569 0.0631 2.67 0.58
Blackwater River Lower  3 352 0.2 0 0.0678 0.0678 2.12 0.55
Blackwater Upper  3 371 0.2 0.0422 0.0001 0.0423 0.872 1.02
Blackwater Upper  4 304 0.5 0.0598 0.0575 0.1173 0.841 0.76
Escambia River Lower  4 322 0.3 0.026 2.5088 2.5348 61 0.45
Escambia River Lower  4 320 0.1 0.183 0.4273 0.6103 23.4 0.47
Escambia River Lower  1 326 0.1 0.1236 1.6401 1.7637 45.4 0.46
Escambia River Lower  1 337      52.697 0.4601
Escambia River Quintette Bridge 3 341 1 0.355 0.8059 1.1609 1.64 0.53
Escambia River Quintette Bridge 4 244 0.8 0.101 0.0005 0.1015 1.58 0.6
Escambia River Quintette Bridge 4 407  0.3495 0.0003 0.3498 1.41  
Escambia River Quintette Bridge 3 396      0.807 0.5643
Perdido River, Lower 3 454 0.2 0.227 0.1687 0.3957 4.32 0.63
Perdido River, Lower 4 334 0.1 0.0709 0.1232 0.1941 4.24 0.45
Perdido River, Lower 3 388 0.2 0.097 0.1251 0.2221 3.34 0.6
Perdido River, Lower 1 485      2.912 0.5605
Perdido River, Upper  3 374 0.2 0.0843 0.0004 0.0847 1.28 0.81
Perdido River, Upper  3 421 0.1 0.0866 0.0053 0.0919 2.87 0.86
Perdido River, Upper  4 330 0.2 0.0995 0.0969 0.1964 2.17 0.65
Shoal River 4 305 0.5 0.103 0.0078 0.1108 3.36 0.47
Shoal River 3 355 0.4 0 0.0002 0.0002 1.51 0.77
Shoal River 3 413 0.7 0.114 0.0005 0.1145 1.25 0.64
Yellow River Lower  3 373 0.1 0.014 0.0467 0.0607 1.09 0.7
Yellow River Lower  3 341 0.2 0.173 0.0144 0.1874 7.33 0.81
Yellow River Lower  4 309 0.2 0.05 0.0003 0.0503 1.67 0.6803
Yellow River Upper  3 424 2.8 0.285 0.0004 0.2854 0.971 0.74
Yellow River Upper  3 361 1.2 0.1215 0.0047 0.1262 2.54 0.74
Yellow River, Upper  4 346 0.56 0.0515 0.0543 0.1058 1.98 0.65
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 Table 9.  Summary data for largemouth bass Micropterus salmoides collected in ponds of NW 
Florida.  Bold values exceed US EPA screening values for recreational fisher consumption. 



Location n 



Mean 
Length 
(mm) 



% 
Lipids



TEQDF 
ng/kg 
ND=0



TEQP 
ng/kg 
ND=0



TEQDFP 
ng/kg 
ND=0



ΣPCBs 
μg/kg 



Hg 
mg/kg



Bayou Chico Pond 3 366 0.2 0.017 0.8609 0.8779 10.324 0.035
Bear Lake 1 3 362 0.4 0.0678 0 0.0678 0.774 0.41
Bear Lake 2 3 330 0.5 0.0671 0 0.0671 0.55 0.34
Bear Lake 3 3 338 0.6 0.0127 0 0.0127 0.665 0.34
Cedar Lakes 3 348 0.2 0.0171 0.0002 0.0173 2.058 0.84
Fairfield Pond 3 362 0.1 0.013   3.776 0.57
Fairfield Pond 1 532 0.2 0.0479   8.281 1.3
Fairfield Pond 3 332 0.3 0.009 0.0026 0.0116 4.32 0.66
Hurricane Lake 1 340 0.2 0.0049 0.0001 0.005 0.879 0.42
Lake Kristina 3 307 0.2 0.01 0.0001 0.0101 0.161 0.43
Lake Stone 1 4 345 0 0.0064 0 0.0064 0.728 0.51
Lake Stone 2 4 331 0 0.0063 0 0.0063 0.666 0.51
Lake Stone 3 4 336 0 0.0085 0 0.0085 0.537 0.58
Langley-Bell 4H 3 296 1.9 0.024 0.0002 0.0242 1.06 0.96
Langley-Bell 4H 1 430 0.1 0.0076 0.0002 0.0078 1.07 1.1
Tiger Pt GC 3 332 0.2 0.02 0.0025 0.0225 4.194  
Tiger Pt WWT 3 305 0.2  0.1522  3.697 0.58
Tiger Pt WWT 1 398 0.2 0.019 0.1524 0.1714 11.2 0.091
Tiger Pt WWT 1 510 0.1 0.0097 0.0029 0.0126 6.08 0.13
Woodbine Lake 1 4 301 0.2 0.007 0.025 0.032 1.764 1.6
Woodbine Lake 2 3 321 0.2 0 0.0004 0.0004 1.241 2.5
Woodbine Lake 3 3 345 0.3 0.0083 0.0012 0.0095 2.006 2.3
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Figure 4.  Contaminant loads in largemouth bas in NW Florida waters.  TEQ values for the DF 
(TEQDF; red) and PCB (TEQP; blue) contributions to the total toxicity equivalent (TEQDFP; entire 
bar height) in the left column, and total mercury concentrations in the right column in 
largemouth bass fillets from NW Florida waters.  In the top row are data for samples taken from 
rivers.  In the bottom row are data for samples taken from regional ponds.  Green lines represent 
the US EPA screening values for recreational fisher consumption. 
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Figure 5.  Contaminant concentrations in largemouth bass as a function of fish length as the 
mean for composites or single fish for larger specimens.  Location characteristics mask any 
overall bioaccumulation with size (age) for the region. 
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Figure 6.  Mercury (mg/kg) in bass data collected over Escambia, Santa Rosa, and Okaloosa 
Counties (solid circles and squares), compared to multiyear data from the Florida Fish and 
Wildlife Commission sampling of bass in Woodbine Lake (diamonds).  The results from the 
UWF work for Woodbine Lake are indicated by the solid squares.  Data from all other locations 
sampled by UWF are indicated by solid circles. 
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ii. Striped mullet  
Mullet tissue contaminant burdens reflect different environmental exposures than bass. Mercury 
concentrations in all mullet samples were low (Table 10; Figure 7), perhaps a reflection of their 
low trophic status relative to largemouth bass, especially where the sample locations for these 
fish overlapped.  PCBs and DFs, however, tell a different story.  Both of these compounds had 
higher concentrations in mullet than bass, for both co-located samples and overall (Table 10; 
Figure 7).  Eight (8) samples exceeded the US EPA screening value for total PCBs (20 μg/kg), 
seven (7) of which were collected from the Escambia River or Escambia Bay.  The other sample 
was collected in Bayou Chico, an industrial urban bayou.  Four of the composite samples from 
the lower Escambia River exceeded the State of Florida threshold of 50 μg/kg (56.7-85.1 μg/kg).  
One composite sample was split into skin-on and skin-off fillets by taking one side of each of 
four (4) fish for either treatment.  Leaving the skin on more than doubled the PCB content of the 
sample (23.5 to 54.6 μg/kg)  
 
Of interest, only the mullet collected in the lower Escambia river and Escambia delta area had 
the highest PCB loads.  These are highly mobile fishes with an annual spawning run out to the 
shelf break in the Gulf of Mexico.  However, the highly contaminated specimens were from a 
relatively small spatial area.  The contamination being absorbed by these fishes is not being 
spatially averaged by their mobility.  Presumably the high and spatially explicit loads being 
absorbed by these fishes is a result of their sediment feeding habit and a long gut that would 
increase absorption efficiency.  These factors may be combined with a heretofore unrecognized 
tendency to site fidelity when not making their spawning run. 
 
Mullet samples from the I-10 Bridge in the middle of Escambia Bay had the highest levels of 
PCBs recorded for any fish species in the study (284-1580 μg/kg; Table 10; Figure 7).  Levels of 
PCBs were 32 times the Florida screening value and 80 times the US EPA screening value. 
Construction activity on the bridge in 2006, including boat traffic and driving pilings into the bay 
bottom, may have disturbed PCB laden sediments resulting in a pulse of these compounds into 
the food webs and biota of the bay.   
 
Mullet also had the highest levels of DF in the samples of all bass and mullet tested.  Many of 
the mullet had DF levels over the US EPA TEQ screening value of 0.256 ng/kg, even with the 
co-planar PCBs not included.  The highest recorded values were from the Escambia River (0.24-
0.60 ng/kg) and Bayou Chico (0.23-0.75 ng/kg).   
 
The data for striped mullet do not fit conventional ideas of bioaccumulation.  As a relatively 
short-lived detritivore/algivore, this fish was hypothesized to have low levels of contaminants, 
but was included in our study because of the large quantities caught and consumed by humans 
(Tables 5 and 6).  Consistent with the life history of the fish, relatively low levels of total Hg 
were found, but contrary to expectations, the highest levels of PCBs recorded in the study for any 
species were found in this organism (Figure 9).  The highest levels of PCBs were found only at 
sites with known PCB contamination (Duke et al., 1970; Lewis et al., 2001).  The long gut of this 
fish may account for a greater absorption of the compounds, and the restricted nature of the 
highly contaminated specimens suggests an unsuspected site fidelity for a highly mobile and 
migratory species that makes an annual spawning run offshore to the shelf break. 
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An analysis of homolog patterns within the biota sampled in this investigation is presented in 
Figure 9.  The homolog patterns for the common commercial Aroclor preparations (PCB 
mixtures; data from: http://www.epa.gov/toxteam/pcbid/aroclor_comp.htm) are included as 
potential sources of contamination for comparison to the tissue profiles.  The major known 
source of PCB contamination to the Escambia River and Escambia Bay was from a spill of 
Aroclor 1254.  PCB homolog patterns in tissue from fish collected at the Escambia I-10 bridge 
samples cluster with the homolog fingerprint for this raw product (Aroclor 1254).  This supports 
the idea that disturbance to the sediments has exposed biota to unweathered Aroclor 1254.  Fish 
tissue samples from the rest of the Escambia Bay samples form a looser cluster with Aroclor 
1254, suggesting attenuation through biotic transfers and partial degradation of the raw product.  
PCBs from fish tissue samples taken from the industrialized bayous (Chico and Grande) cluster 
with the Aroclor 1260 homolog pattern, suggesting either enrichment of more highly chlorinated 
homologs with partitioning into the biota, or an alternate source of PCBs.  However, other 
sources of PCB contamination to the regional waterways are undocumented. 
 
 
Table 10.  Sampling and contaminant load data for mullet Mugil cephalus from NW Florida 
waters. Bold values exceed US EPA screening values for recreational fisher consumption. 



Location 



Mean 
Length 
(mm) 



% 
Lipid



s 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg 



Perdido River 322 1.5 0.1450 0.0823 0.2273 3.843 0.021 
Perdido River 310 1.7 0.3060 0.1674 0.4734 8.050 0.021 
Perdido River 318 2.8 0.3800 0.1999 0.5799 8.087   
Perdido River-Mid 338 2.1 0.1240 0.1078 0.2318 5.283   
Perdido River-Mid 320 1.0 0.1130 0.0982 0.2112 3.110 0.010 
Perdido River-Mid 321 1.3 0.1630 0.0090 0.1720 6.363 0.010 
11 Mile Creek 329 2.1 0.3490 0.2913 0.6403 12.400 0.018 
11 Mile Creek 314 2.1 0.3270 0.2712 0.5982 21.188   
11 Mile Creek 382 1.5 0.1480 0.1717 0.3197 14.027 0.018 
Bayou Chico 312   0.3420 0.5009 0.8429 21.269   
Bayou Chico 326 1.1 0.6560 1.1278 1.7838 40.800   
Bayou Chico 314 0.4 1.2398 0.9612 2.2010 29.392 0.008 
Bayou Grande 314 0.3 0.5299 0.3020 0.8319 14.500 0.008 
Bayou Grande 358 0.5 0.1230 0.5139 0.6369 20.351   
Bayou Grande 344 0.9 0.3600 0.5792 0.9392 22.103 0.008 
Bayou Texar 390 1.3 1.1360 0.3630 1.4990 21.500 0.010 
Bayou Texar 373 1.0 0.0110 0.0219 0.0329 9.859   
Bayou Texar 385 0.5 0.0840 0.2389 0.3229 14.113 0.010 
Hoffman Woodland Bayou 374 0.8 0.5920 0.1312 0.7232 6.300 0.014 
Hoffman Woodland Bayou 384 0.7 0.3230 0.1546 0.4776 8.310 0.014 
Hoffman-Woodland Bayous  311 4.8 0.5510 0.3975 0.9485 19.000 0.027 
Yellow River Lower 355 1.0 0.0000 0.0038 0.0038 2.080   
Yellow River Lower 394 1.3 0.1280 0.0721 0.2001 4.517   
Yellow River Lower 342 1.4 0.2170 0.1209 0.3379 5.050 0.012 
East Bay 419 1.1 0.0000 0.2119 0.2119 5.800 0.026 
East Bay 422 2.8 0.0350 0.0564 0.0914 13.100   
East Bay 434 0.6 0.0980 0.0203 0.1183 7.759 0.026 
Escambia River Rt 4 Bridge 353 4.7 0.7760 0.2420 1.0180 29.800 0.021 
Escambia River Rt 4 Bridge 199 0.9 0.5365 0.0253 0.5618 4.390 0.008 
Escambia River Rt 4 Bridge 295 3.2 0.1655 0.4048 0.5703 42.600 0.017 
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Table 10. continued. Sampling and contaminant load data for mullet Mugil cephalus from 
Escambia Bay and River, NW Florida. Bold values exceed US EPA screening values for 
recreational fisher consumption 



Location 



Mean 
Length 



(mm) 
% 



Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg 



Escambia River Quintette Bridge 346 1.0 0.3990 0.1675 0.5665 18.600   
Escambia River Quintette Bridge 390 2.8 1.6293 0.5613 2.1906 33.300   
Escambia River Quintette Bridge 430 3.6 1.4059 0.0410 1.4469 32.100   
Escambia River Quintette Bridge 455 1.1 0.9838 0.2267 1.2105 20.400   
Escambia River-Above Mansanto 450 6.5 0.5750 0.3556 0.9306 22.480   
Escambia River Crist Plant 316 1.1 0.0910 0.3508 0.4418 39.000   
Escambia River Crist Plant 350 1.0 0.2160 0.7479 0.9639 57.700   
Escambia River Crist Plant 385 1.2 1.0959 1.2081 2.3040 85.100   
Escambia River Crist Plant 457 1.7 0.5802 0.8412 1.4214 56.700   
Escambia River, Lower  381 2.0 0.3750 0.0577 0.4327 24.852   
Escambia River, Lower  402 1.9 0.4420 0.9390 1.3810 84.000 0.017 
Escambia River, Lower  388 2.2 0.0480 0.5199 0.5679 48.605 0.017 
Escambia Bay NW, Mullet Fillet only, 
split sample with below 314 2.0  1.5337   23.457 0.010
Escambia Bay NW, Mullet Fillet 
w/Skin, split sample with above 314 4.7  0.5732   54.620 0.011
Escambia Bay NE  424 2.1 0.0670 0.0662 0.1332 33.600   
Escambia Bay NE  387 1.1 0.3030 0.0834 0.3864 36.724   
Escambia Bay NE  388 1.7 0.1640 0.7789 0.9429 24.600 0.018 
Escambia Bay SE 392 0.6 0.3630 0.2393 0.6023 8.570 0.014 
Escambia Bay SE 401 0.7 0.0463 0.2750 0.3213 9.140 0.021 
Escambia Bay SW  387 1.9 0.4930 0.0787 0.5717 38.699   
Escambia Bay SW  395 1.3 0.0310 0.4469 0.4779 21.200   
Escambia Bay SW  417 1.4 0.1490 0.3064 0.4554 20.100 0.024 
Escambia Bay I-10 Bridge 450 3.9 0.4382 12.161 12.5992 284.000 0.013 
Escambia Bay I-10 Bridge 470 3.3 0.4668 68.508 68.9743 1580.000 0.010 
Escambia Bay I-10 Bridge 424 2.2 0.5219 39.587 40.1086 1003.260 0.011 
Escambia Bay I-10 Bridge 408 4.4 1.0701 19.610 20.6803 678.000 0.010 
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Figure 7. Contaminant loads in striped mullet in NW Florida waters.  Green lines represent the 
US EPA screening values for recreational fisher consumption. US EPA Hg screening value for 
recreational fisher consumption is 0.4 mg/kg.  “n” = number of fish per average. Data presented 
in the bottom right graph are for individual fish collected at the Escambia Bay I-10 Bridge.  Note 
the change of TEQ scale for this graph. 
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Figure 8.  Total mercury (left) and total PCBs (right) loads in Striped Mullet, Mugil cephalus. 
Note log scale on the PCB content graph.  Specimens denoted by blue circles were collected at 
the Escambia Bay I-10 bridge site after two years of submarine construction activity.  Green 
lines represent US EPA thresholds for recreational fisher consumption advisories, Red lines 
represent State of Florida thresholds. 
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Figure 9.  PCB homolog “fingerprints” from mullet fillets used in cluster analysis.  Numbers 
refer to commercial Aroclor mixtures as potential sources of the contamination. Note the close 
relationship of the I-10 bridge samples with Aroclor 1254. 
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III.  Patterns of mercury and polychlorinated biphenyl concentrations in estuarine and 
marine fishes of northwest Florida and the Northern Gulf of Mexico. 
 
A. Materials and Methods 
 
Seventeen zones within Pensacola Bay and Perdido Bay watersheds (Figure 10) have been 
targeted during this study, in addition to fishes from the offshore environment. Sampling 
procedures followed methods prescribed by the US in Guidance for assessing chemical 
contaminant data for use in fish advisories: fish sampling and analysis (US EPA, 2000).  Date 
and time of sampling and fish length were recorded in the field, and multiple specimens were 
sorted into similar-sized composite samples.  Specimens were wrapped in foil and placed in 
sealed plastic bags with identification labels on ice for transport to the laboratory for processing.  
In the laboratory, fish were re-measured and weighed.  All processing equipment was washed in 
mild soapy water, rinsed in a sequence of hot tap water, ethanol or propanol, and purified water.  
Foil sheets were used to cover cutting boards and handle fillets.  Stainless steel fillet knives were 
used to collect bone and skin-free samples.  Total fillet weight was recorded, tissues were 
mascerated in a Foss Tecator tissue homgenizer, and the weight of homogenized tissue added to 
certified, clean sample jars (500 ml) was recorded.  Left and right sagittal otoliths were preserved 
from all fish within each composite.  Otoliths were sectioned and aged to develop potential age, 
length and contaminant load correlations in marine fish tissues 
 
Tissue samples were kept frozen until transport on ice to Pace Analytical Laboratories, MN for 
analysis of organics: Dioxins-Furans (DF), Polychlorinated Biphenyls (PCBs), and metals: 
mercury (Hg), Arsenic (As), Inorganic Arsenic (In. As).  Toxic equivalent quotients (TEQ) were 
calculated for DF (TEQDF), Dioxin-like co-planer PCBs (TEQP), and combined DF and Dioxin-
like PCBs (TEQDFP) using the updated TEF values presented in Van den Berg et al. (2006).  
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Figure 10.  Finfish sampling zones in Blackwater, East, Escambia, Pensacola and Perdido Bays. 



 
 
B.  Results and Discussion 
 
Data were recorded for 1199 specimens within 48 species. Individual species information and 
tabular data are included as Appendix I. These pages will be established as a series of web pages 
and made available as a hard copy guide for local fishermen and seafood consumers. 
 
Based on contaminant analysis of Blue Crab, American Oyster, and Mullet, Blackwater-East 
Bays (zones1-3), lower Pensacola Bay (zone 9), Santa Rosa Sound (zone 10, and Perdido Bay 
(zones 15-16) may be considered “green areas”.  Most fish sampled from these areas had 
contaminants below US EPA screening values for DF, PCBs, and Hg (US EPA, 2000).  
However, with many of the other finfish that are highly mobile and of relatively high trophic 
status (Table 10), these patterns tend to be blurred.  For example, large red drum caught in East 
Bay and Santa Rosa Sound, the cleanest zones in the region, had the highest PCB loads recorded 
for this species (60.3 and 40.3 ng/kg respectively).   
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While most species bioaccumulate DF, PCBs and Hg with age, there are some notable 
exceptions.  Spotted (or speckled) seatrout and Spanish mackerel, Scomberomorous maculatus, 
show classic bioaccumulation in individuals for Hg.  However, a reverse pattern is seen for PCBs 
(Figures 11, 12, 13), reflecting exposure to diffuse distribution of Hg in the environment but a 
relatively restricted distribution of highly contaminated PCB sites.  Some of this may be 
explained by ontogenic shifts in habitat use and prey preferences as the fish becomes less 
dependent with age on estuarine resources where contamination is high.  In contrast, the data for 
king mackerel, Scomberomorus cavalla, shows bioaccumulation for both compounds and 
tomuch higher levels (Figure 13).  The higher Hg content in large specimens of these fishes has 
been well documented.  The accumulation of high PCB loads was not. The highly migratory 
nature of these fishes with varying degrees of estuarine utilization as summer foraging areas 
likely contributes to the variability seen in the data.  Our Hg data for spotted seatrout tends to 
agree with the trends of previously reported data (Figure 12; Rider and Adams, 2000), but also 
adds greater definition of Hg dynamics in this species. 
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Figure 11.  Mercury (left column) and total PCBs (right column) for spotted trout (top row) and 
red drum (bottom row).  Red symbols are from this study.  Blue symbols are from Indian River 
lagoon for comparison (Johnson-Restrepo et al., 2005; Table 11). 
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Figure 12.  Mercury content in spotted seatrout, Cynoscion nebulosus, in the Pensacola Bay 
system.  Blue squares are data reported by Rider and Adams (2000).  Red circles are data 
collected in this study.  The green line represents the US EPA recreational screening value.  The 
red line represents the State of Florida threshold for limited consumption advisories. 
 
 
Fish consumption advisories currently exist for mercury in fish from most statewide fresh waters 
and for several marine species (http://dep.state.fl.us/floridafishadvice/). Our work in the 
Pensacola Bay System, including the freshwater drainages, has resulted in Florida Department of 
Health (DOH) recognizing that serious PCB problems exist in the Pensacola Bay System.  We 
have documented high levels of PCBs and TEQDFP despite the last known spill of PCBs having 
occurred over 35 years ago.  During the course of our study, a smaller scale study was published 
from samples collected in Indian River Lagoon, on the Atlantic coast of Florida (Johnson-
Restrepo et al., 2005).  Three species of fish were common to both studies and provide a basis 
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for comparison (Table 4.).  The lowest recorded concentrations of PCBs for striped mullet, 
spotted seatrout, and red drum are similar between these systems.  Average total PCB tissue 
concentrations were 17, 7, and 2 times higher for these species, respectively, in the Pensacola 
Bay System than on the Atlantic coast in Indian River Lagoon.  Included in the average values 
for Pensacola were samples from relatively clean and green areas.  The maximum PCB values 
highlight the contamination in Escambia Bay, with values 126, 41 and 2 times higher for striped 
mullet, spotted seatrout, and red drum in the Pensacola Bay system.  By extension, the 
extraordinary PCB concentrations in elasmobranchs from Indian River which have a higher 
tropic level status, longer life span, and high lipid content, raise concern for similar species in the 
northern Gulf of Mexico. 
 
In the higher salinity waters of estuaries and out into coastal waters of Florida, assumptions that 
levels of contamination in the marine environment would begin to decrease with the end of 
production and use of PCBs, have not been validated.  Indeed, evidence to the contrary has 
indicated that PCB levels may be substantially higher now in Bull sharks and Bottlenose 
dolphins than they were a decade ago (Table 11). 
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Table 11.  PCB levels recorded in a food web study of estuarine and coastal species, Atlantic and Gulf Coasts of Florida (from 
Johnson-Restrepo et al., 2005).  PCB body burdens in general reflect trophic status of these organisms.  All species were recovered 
from Indian River Estuary or nearby coastal waters except where noted for bottlenose dolphins.  PCB levels are for muscle tissue 
except dolphins, where blubber samples from stranded animals were processed.   



  Indian River* Pensacola Bay** 



Common name species 



Average 
PCBs 
ng/g 
tissue 



Minimum  
PCBs 
ng/g 
tissue 



 
Maximum 
PCBs 
ng/g 
tissue 



Average 
PCBs 
ng/g 
tissue 



Minimum  
PCBs 
ng/g 
tissue 



 
Maximum 
PCBs 
ng/g 
tissue 



Silver Perch Bairdiella chrysoura 1.56 0.44 3.776       
Striped Mullet Mugil cephalus 5.192 1.892 12.54 86.772 2.08 1580
Atlantic Stingrays Dasyatis sabina 2.96 0.34 1.58       
Spiny Dogfish Squalos acanthias 79 60.5 98       
Hardhead Catfish Arius felis 8.352 1.161 36.99       
Spotted Seatrout Cynoscion nebulosus 3.42 0.585 5.13 23.0 0.5 209.325
Red Drum  Sciaenops ocellatus 8.67 0.156 41.4 16.3 0.916 60.322



Atlantic Sharpnosed shark 
Rhizoprionodon 
terraenovae 22.08 0.004 3.08       



Bull Shark 1993-1994 Carcharinus leucas 38.64 23.58 49.86       
Bull Shark 2002-2004 Carcharinus leucas 284.8 11.72 1308       
Bottlenose Dolphins  
West coast Fl 1991-1996 Tursiops truncatus 13213 2292.2 40150       
Bottlenose Dolphins  
West coast Fl 2000-2004 Tursiops truncatus 93600 3857.1 436800       



*calculated from PCBs ng/g lipid and % lipid values in Johnson-Restrepo et al., 2005. 
**this study. 
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Figure 13.  Concentrations of total mercury (left) and total PCBs (right) in Spanish mackerel, 
Scomberomorus maculatus (top) and king mackerel, Scomberomorous cavalla (bottom).  Green 
lines represent US EPA thresholds for recreational fisher consumption advisories, Red lines 
represent State of Florida thresholds.  Note differences in the contaminant concentration scales 
between these two species. 
 
 
The high concentrations of PCBs in mullet, which make an annual spawning run offshore, has 
brought to light a major yet relatively unrecognized flux of these persistent bioaccumulative 
contaminants from inshore contaminated sites to the offshore shelf environment.  Many of the 
widely harvested predatory fish species, and their prey, make either an annual migration or an 
ontogenic shift from inshore to offshore, carrying toxic compounds absorbed in the estuaries and 
closer to the coast to the offshore shelf environment.  This inshore to offshore transport is not 
well documented, yet highly contaminated inland sites around the Gulf Coast (Rosales et al., 
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1979; Howell et al, 2007; Harvey et al., 2008) may be contributing to offshore contamination via 
abundant and migratory species like mullet. 
 
While Hg concentrations in offshore fisheries have been examined for some species, the Hg 
loads for many species are unknown.  PCB loads in marine fishes across the Gulf of Mexico are 
less well known, although high body burdens in estuarine fishes around the Gulf Coast have been 
documented (Harvey et al., 2009).  This indicates inshore sources have the potential for offshore 
transport and accumulation in marine species. Relatively high levels of PCBs were found in 
Croaker (Micropogonias undulates) from limited sampling of fishes offshore of the Mississippi 
delta following Hurricane Katrina (Krahn et al., 2005), though the authors concluded that no 
significant health risk for PCBs existed. For several grouper species in our study, the 
concentrations of mercury and PCBs appeared to correlate with size/age with some samples 
exceeding the US EPA screening threshold for total PCBs (Figure 14).   
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Figure 14.  Total mercury (left) and total PCBs (right) loads in Groupers: Epinephelus morio 
(Red), Mycteroperca microlepis (Gag), Mycteroperca phenax (Scamp). The green lines represent 
US EPA thresholds for recreational fisher consumption advisories, Red lines represent State of 
Florida thresholds. 
 
 
Red snapper (Lutjanus campechensus), a signature offshore reef fish of the Gulf of Mexico that 
is targeted by both commercial and recreational fisheries, also show bioaccumulation of PCBs 
and mercury with increasing size, with a few samples suggesting that a further gulf-wide 
investigation of toxin loads in offshore fishes may be warranted (Figure 15).  
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Figure 15.  Total mercury (left) and total PCBs (right) loads in red snapper, Lutjanus 
campechanus. The green lines represent US EPA thresholds for recreational fisher consumption. 
The red lines represent State of Florida thresholds. 
 



 
i.  Partitioning of PCB congeners in biota from previous studies. 
Mobility of the PCB molecules, their biodegradation, and overall bioavailability are relatively 
selective processes that affect the appearance of congeners in the tissues of biota relative to the 
source materials.  Partitioning into biota represents a balance of bioavailability via largely 
aqueous media and the preferential absorption and accumulation in lipids with age and by trophic 
transfers.  For example, oysters have been found to accumulate lower chlorinated PCBs relative 
to sediment loads (Wade et al., 1988), reflecting their exposure via filtering of water, where 
higher chlorinated congeners may be underrepresented.  A study of a highly chlorinated PCB 
(1268) source (Kannan et al., 1998) found biota accumulating a predominance of more highly 
chlorinated congeners, and the proportions of these homologs were correlated to the source 
material. Despite high octanol-water partitioning (Kow) coefficients, highly chlorinated PCBs 
were not bioaccumulated as much as expected, and it was speculated that steric factors 
(molecular size) and bioavailabilty (extreme hydrophobicity) may have limited their uptake 
(Kannan et al., 1998).   
 
ii.  PCB Homolog Patterns in the current study. 
In our study, the most highly contaminated fish samples from the known contaminated area of 
Escambia Bay also correlated with homolog proportions of the source material, though samples 
at greater distance reflect more partitioning and attenuation, presumably by biological transport 
and food web partitioning.  Homolog patterns within the biota sampled in this investigation are 
presented in Figure 16 for offshore, estuarine, and fish samples taken at the site of the I-10 
bridge blast in Escambia Bay. The homolog patterns for the common commercial Aroclor 
preparations were plotted with data from http://www.epa.gov/toxteam/pcbid/aroclor_comp.htm 
for comparison to the tissue profiles. 











 



 38



0 0.2 0.4 0.6 0.8 1



1242



1248



1254



1260



Archosargus probatocephalus



Cynoscion arenarius



Cynoscion nebulosus



Micropogenias undulatus



Mugil cephalus



Proportion of Total PCB



0 0.2 0.4 0.6 0.8 1
1232



1242



1248



1254



1260



Amberjack



Croaker



Gag Grouper



Gray Trigger 



King Mackerel



Red Grouper



Red Snapper



Red Drum



Sand Seatrout



Scamp Grouper



Spot



Vermillion Snapper



mono
di
tri



tetra
penta
hexa



hepta
octa
nona



deca



0 0.2 0.4 0.6 0.8 1



1242



1248



1254



1260



Cynoscion arenarius



Cynoscion nebulosus



Ictalurus punctatus



Micropterus salmoides



Mugil cephalus



Mullet Fillet only



Mullet Fillet w/Skin



Paralichthys sp.



Sciaenops ocellatus



 



 
 
 
 
 
 
 
 
 
 
 
Figure 16.  Averaged PCB homolog 
proportions in offshore (top) and 
estuarine (middle) fish samples and 
those collected after the demolition 
blast at the I-10 bridge in Escambia 
Bay (bottom).  Numbers refer to 
commercial Aroclor preparations. 
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As with the mullet samples (Figure 9), other fish specimens sampled at the Escambia Bay I-10 
bridge blast site have a PCB homolog pattern with strong similarity to Aroclor 1254 (Figure 16, 
bottom), the source material for contamination in the Escambia River and Bay.  All other PCB 
data from fish samples in the estuary, which include the previously sampled Escambia Bay and 
Escambia River fishes, show a moderate affinity to the 1254 pattern, but have enriched hepta- 
and octa-chlorinated homologs.  This may reflect the biological partitioning and the weathering 
and degradation of the less chlorinated congeners.  In the case of Bayou Chico, contamination 
from other sources of industrial Aroclor use is likely, in addition to biological partitioning and 
degradation. 
 
Of interest are the paired skinned and skinless mullet fillets from the Escambia River delta 
(Figure 16, middle).  The composite with fillet plus skin had roughly double the total PCB 
content and was more highly enriched in tri-chlorinated congeners than the skinless fillet 
composite.  An opposite pattern is seen for the TEQ values.  The TEQ value for the skin-on 
sample was one third the TEQ value of the skinless fillets (ND = 0 TEQ 0.573 versus 1.534 
ng/kg; Table 10).  These results indicate a partitioning of not only more highly chlorinated 
congeners (penta- and hexa-) in the muscle tissue, but the more toxic ones as well.   
 
Moving further away from direct contamination sources, the offshore fish samples show further 
attenuation of lesser chlorinated congeners and enrichment in the more highly chlorinated ones 
Figure 16, top).  This pattern shift is consistent with differential partitioning in food webs and the 
biological dispersal of PCBs from the inshore environment to offshore. 
 
 
IV.  Perspectives 
 
Atmospheric deposition of mercury to the Pensacola Bay watershed is the likely source of 
contamination leading to elevated levels of mercury in fish in the area wasters. There are 
exceptions, such as the spring-fed Woodbine Lake, in which a geological source seems to 
contribute excessive amounts of mercury.  Although consumption advisories based on mercury 
loads have been issued by Florida DOH throughout the state, there has been relatively very little 
attention to systematically survey and issue fish consumption advisories based on other 
contaminants.  We have shown that as a result of past discharges there are elevated levels of 
PCBs in various water bodies of the Pensacola Bay System leading to bioaccumulation in 
fish/shellfish tissues, in some cases reaching high enough levels posing potential cancer and non-
cancer health risks.  Our findings have in part aided the Florida DOH to issue fish consumption 
advisory for the lower Escambia River and Escambia Bay.  It should be noted that elevated PCB 
loads are also found in fish/shellfish from other components of the Pensacola Bay System, 
especially the urban bayous in the area, areas for which no consumption advisories currently 
exist. In an unprecedented survey of seafood species for Dioxin/Furan content, we have shown 
that TEQs due to dioxins/furans and dioxin-like PCBs are elevated in fish/shellfish throughout 
the Pensacola Bay System, and also in several of the near-shore and offshore fishes.  Florida 
DOH has not issued a State-wide screening level for TEQs. The transfer of persistent pollutants 
(Dioxins/Furans, PCBs, and methyl-mercury) within food webs is well known, but our data show 
other factors may negate accepted hypotheses concerning bioaccumulation.  In addition, transfer 
of these compounds spatially in biota is rarely addressed, and this investigation has demonstrated 
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a significant potential for dispersal via biota, especially from inshore contaminated areas to the 
offshore environment. 
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All analyses used a zero value for non-detected molecules instead of one half the 
detection limit.  US EPA screening values for Hg (0.4 mg/kg), total PCBs (20 μg/kg), and 
TEQ (0.256 ng/kg) based on recreational fisher consumption rates 17g day-1 were used as 
target thresholds.  State of Florida thresholds for Hg (0.6 mg/kg) and total PCBs (50 
mg/kg) were also used.  The State of Florida does not have a standard threshold for TEQ. 
 
 
 
 
Fish images used by permission of: 
Florida Department of Environmental Protection 
Dianne Peebles, artist. 
Pictures are not to scale. 
Shrimp image: R. Snyder 
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Greater 
Amberjack 



Seriola dumerilli 



Sample locations:  offshore 
 



A total of 9 fish (7 Greater, 2 Lesser) were collected over offshore reefs.  Mercury concentrations show 
a tendency to accumulate with size, but only one specimen out of nine (the larger of the two lesser 
amberjack) exceeded the US EPA screening value.  Three fish out of nine were at or exceeded the US 
EPA screening value for PCBs 
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Location Species n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 



% 
Lipid 



TEQP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Offshore outer 
shelf Seriola dumerilli 1 475 2030.0 0.40 0.2202 9.7520 0.24 29.847 -87.304
Offshore outer 
shelf Seriola dumerilli 1 616 3420.0 0.07 0.0734 3.550 0.11     
Offshore outer 
shelf Seriola dumerilli 1 735 5380.0 0.06 0.0622 4.500 0.2     
Offshore outer 
shelf Seriola dumerilli  1 729 6320.0 0.40 0.2093 19.900 0.19 29.300 -87.017
Offshore outer 
shelf Seriola dumerilli  1 775 6450.0 0.10 0.1071 6.860 0.2 29.383 -87.917
Offshore outer 
shelf Seriola dumerilli  1 820 9330.0 0.50 0.1234 9.59 0.45 29.847 -87.304
Offshore outer 
shelf Seriola dumerilli  1 850 8150.0 0.13 0.2625 25.200 0.35 29.383 -87.917
Offshore outer 
shelf Seriola rivoliana 1 480 2470.0 0.41 0.5934 38.800 0.1 30.043 -87.007
Offshore outer 
shelf Seriola rivoliana 1 483 1970.0 0.00 0.0621 3.450 0.02 29.300 -88.017
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Largemouth Bass 
Micropterous salmoides 



Sample Locations 
Mercury content  
Generally high throughout the area, limited 
consumption advisory.  
No-consumption advisory for  
Woodbine Springs Lake  



 
Areas with High PCB content 
 Lower Escambia River 
 
Areas with low PCB content 
 All other freshwaters sampled 



 



 
A total of 163 fish from 20 locations were included in 55 samples. Single fish comprised nine samples, and the 
remaining 46 were composite samples of 3 or more fish.  Mercury content was generally high throughout the 
area, and a State of Florida limited consumption advisory exists for most of the waterways sampled.  A State of 
Florida no consumption advisory based on mercury content exists for Woodbine Lake.  Samples from the lake 
had the highest mercury concentrations of any bass sampled.  
 
PCB and Dioxins/Furans content was low in all samples, except for the PCB loads in fish collected from the 
lower Escambia River, where PCB content in bass triggered a limited consumption advisory from the State of 
Florida. 
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Bass tables 12:57:54 PM 8/11/09TEQDF ng/Kg ND=0 TEQp ng/Kg ND=0
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Toxicity of Dioxins Furans (TEQDF) and PCBs (TEQP) in 
Largemouth Bass from NW Florida Rivers.  High values 
were obtained for fish collected in the Escambia river. 
The green line is the US EPA recreational consumption 
action limit at 0.26 ng/kg.  State of Florida does not have 
an official action limit established for TEQ values. 
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Bass tables 1:06:50 PM 8/11/09TEQDF ng/Kg ND=0 TEQp ng/Kg ND=0
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n
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Toxicity of Dioxin Furans (TEQDF) and PCBs 
(TEQP) in Largemouth Bass from NW Florida 
Ponds.  The only high value recorded was for a 
composite of specimens from a borrow pit that 
received dredge spoil from Bayou Chico. The green 
line is the US EPA recreational consumption action 
limit at 0.256 ng/kg.  State of Florida does not have 
an official action limit established for TEQ values. 
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Location n 



Mean 
Length 
(mm) 



Mean 
Wt (g) Sex 



Mean 
Age 



% 
Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



11 Mile Creek 3 260 224.0   2.1 0.10 0.1045 0.3546 0.4591 4.710 0.3600 30.456 -87.377
11 Mile Creek 3 321 1836.3 F 3.6 0.10 0.0727 0.1175 0.1902 4.890 0.4200 30.456 -87.377
11 Mile Creek 3 335 518.0 M 2.6 0.30 0.0161 0.0011 0.0172 2.620 0.3200 30.456 -87.377
11 Mile Creek 1 439 1070.0 F         3.115 0.3667 30.456 -87.377
Bayou Chico Pond 3 366 573.8   3.3 0.20 0.0170 0.8609 0.8779 10.324 0.0400 30.402 -87.273
Bear Lake 1 3 362 703.1   3.7 0.40 0.0678 0.0000 0.0678 0.774 0.4100 30.863 -86.835
Bear Lake 2 3 330 481.7   2.0 0.50 0.0671 0.0000 0.0671 0.550 0.3400 30.863 -86.835
Bear Lake 3 3 338 555.1   2.7 0.60 0.0127 0.0000 0.0127 0.665 0.3400 30.863 -86.835
Blackwater River Lower  4 329 512.3     0.20 0.0062 0.0569 0.0631 2.670 0.5800 30.603 -87.030
Blackwater River Lower  3 352 655.3     0.20 0.0000 0.0678 0.0678 2.120 0.5500 30.603 -87.030
Blackwater River Lower  4 367 644.5 M   0.10 0.0474 0.2510 0.2984 8.270 0.5800 30.603 -87.030
Blackwater Upper  4 304 349.0     0.50 0.0598 0.0575 0.1173 0.841 0.7600 30.711 -86.858
Blackwater Upper  3 371 655.7     0.20 0.0422 0.0001 0.0423 0.872 1.0200 30.711 -86.858
Cedar Lakes 3 348 553.3   3.7 0.20 0.0171 0.0002 0.0173 2.058 0.8400 30.591 -86.979
Escambia River Quintette Bridge 4 244 431.8     0.80 0.1010 0.0005 0.1015 1.580 0.6000 30.646 -87.262
Escambia River Quintette Bridge 4 341 684.0     1.00 0.3550 0.8059 1.1609 1.640 0.5300 30.646 -87.262
Escambia River Quintette Bridge 1 396 990.0 F         0.807 0.5643 30.646 -87.262
Escambia River Quintette Bridge 1 407 1067.0 F     0.3495 0.0003 0.3498 1.410  30.646 -87.262
Escambia River Lower  4 320 400.8 M   0.10 0.1830 0.4273 0.6103 23.400 0.4700 30.554 -87.202
Escambia River Lower  3 322 487.7 M 4.3 0.30 0.0260 2.5088 2.5348 61.000 0.4500 30.554 -87.202
Escambia River Lower  4 326 441.3   2.0 0.10 0.1236 1.6401 1.7637 45.400 0.4600 30.554 -87.202
Escambia River Lower  3 337 516.7 M         52.697 0.4601 30.554 -87.202
Fairfield Pond 3 332 450.0   4.0 0.30 0.0090 0.0026 0.0116 4.320 0.6600 30.404 -87.319
Fairfield Pond 3 362 601.5   3.0 0.10 0.0130    3.776 0.5700 30.404 -87.319
Fairfield Pond 1 532 1970.0   6.0 0.20 0.0479    8.281 1.3000 30.404 -87.319
Hurricane Lake 1 340 376.9   4.0 0.20 0.0049 0.0001 0.0050 0.879 0.4200 30.201 -87.117
Lake Kristina 3 307 356.7   2.3 0.20 0.0100 0.0001 0.0101 0.161 0.4300 30.703 -86.978
Lake Stone 1 4 345 554.9   3.3 0.00 0.0064 0.0000 0.0064 0.728 0.5100 30.962 -87.284
Lake Stone 2 4 331 488.3   3.3 0.00 0.0063 0.0000 0.0063 0.666 0.5100 30.962 -87.284
Lake Stone 3 4 336 468.5   4.0 0.00 0.0085 0.0000 0.0085 0.537 0.5800 30.962 -87.284
Langley-Bell 4H 3 296 272.3   3.7 1.90 0.0240 0.0002 0.0242 1.060 0.9600 30.539 -87.352
Langley-Bell 4H 1 430 780.0   5.0 0.10 0.0076 0.0002 0.0078 1.070 1.1000 30.539 -87.352
Perdido River Lower 4 330 498.8     0.20 0.0995 0.0969 0.1964 2.170 0.6500 30.530 -87.447
Perdido River Lower 4 334 476.8     0.10 0.0709 0.1232 0.1941 4.240 0.4500 30.460 -87.412
Perdido River Lower 3 374 662.7 M   0.20 0.0843 0.0004 0.0847 1.280 0.8100 30.530 -87.447
Perdido River Lower 3 388 791.3     0.20 0.0970 0.1251 0.2221 3.340 0.6000 30.460 -87.412
Perdido River Lower 3 421 1079.3     0.10 0.0866 0.0053 0.0919 2.870 0.8600 30.530 -87.447
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Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex 
Mean 
Age 



% 
Lipids



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Perdido River Lower 3 454 1311.7 F   0.20 0.2270 0.1687 0.3957 4.320 0.6300 30.460 -87.412
Perdido River Lower 1 485 1665.0 F         2.912 0.5605 30.460 -87.412
Shoal River 4 305 373.3 M   0.50 0.1030 0.0078 0.1108 3.360 0.4700 30.696 -86.571
Shoal River 3 355 714.7 M   0.40 0.0000 0.0002 0.0002 1.510 0.7700 30.696 -86.571
Shoal River 3 413 1095.7 F   0.70 0.1140 0.0005 0.1145 1.250 0.6400 30.696 -86.571
Tiger Pt Golf Course 3 332 408.2   3.0 0.20 0.0200 0.0025 0.0225 4.194  30.385 -87.081
Tiger Pt WWTP effluent pond 3 305 361.3   1.0 0.20  0.1522  3.697 0.5800 30.378 -87.056
Tiger Pt WWTP effluent pond 1 398 750.0   3.0 0.20 0.0190 0.1524 0.1714 11.200 0.0900 30.378 -87.056
Tiger Pt WWTP effluent pond 1 510 1068.0   8.0 0.10 0.0097 0.0029 0.0126 6.080 0.1300 30.378 -87.056
Woodbine Springs 1 4 301 323.9   1.0 0.20 0.0070 0.0250 0.0320 1.764 1.6000 30.621 -87.190
Woodbine Springs 2 3 321 435.7   2.0 0.20 0.0000 0.0004 0.0004 1.241 2.5000 30.621 -87.190
Woodbine Springs 3 3 345 463.3   2.3 0.30 0.0083 0.0012 0.0095 2.006 2.3000 30.621 -87.190
Yellow River Lower  4 309 378.0     0.20 0.0500 0.0003 0.0503 1.670 0.6803 30.553 -86.984
Yellow River Lower  3 341 560.0     0.20 0.1730 0.0144 0.1874 7.330 0.8100 30.553 -86.984
Yellow River Lower  3 373 822.3 F   0.10 0.0140 0.0467 0.0607 1.090 0.7000 30.553 -86.984
Yellow River Upper  3 361 779.3     1.20 0.1215 0.0047 0.1262 2.540 0.7400 30.675 -86.747
Yellow River Upper  3 424 1225.7 F   2.80 0.2850 0.0004 0.2854 0.971 0.7400 30.675 -86.747
Yellow River, Upper  4 346 643.3 F 54.0 0.56 0.0515 0.0543 0.1058 1.980 0.6500 30.675 -86.747
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Blackfin Tuna 
Thunnus atlanticus 



Sample locations: offshore 
 
Five fish were sampled offshore. This limited sampling suggested bioaccumulation of both mercury and PCBs 
with size, with two of the larger fish exceeding the US EPA screening value for mercury content, although 
none of the fish (up to 62 cm) exceeded the PCB or TEQ thresholds. 
 
Mercury Content 



0



0.1



0.2



0.3



0.4



0.5



0.6



550 560 570 580 590 600 610 620 630



Thunnus atlanticus



To
ta



l M
er



cu
ry



 m
g/



K
g



Mean Length (mm)



Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg 
 



PCB Content 



0



5



10



15



20



550 560 570 580 590 600 610 620 630



Thunnus atlanticus



To
ta



l P
C



B
s 
μg



/K
g



Mean Length (mm)



 
Green line: US EPA recreational consumption 
action limit at 20 μg/kg. These fish were taken 
offshore. 
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ is 0.256 ng/kg. 



 



 



Location n 



Mean 
Length 
(mm) 



% 
Lipids 



TEQDF 
ng/Kg 
ND=0 



TEQP 
ng/Kg 
ND=0 



TEQDFP 
ng/Kg 
ND=0 



ΣPCBs 
μg/Kg 



Hg 
mg/Kg LAT LONG 



Offshore Ram Powell 
Rig 1 555 0.30  0.0010  2.140 0.130 29.0608 -88.0917
Offshore Ram Powell 
Rig 1 588 0.20 0.0425 0.0035 0.0460 6.510 0.096 29.0608 -88.0917
Offshore Ram Powell 
Rig 1 615 0.10  0.0013  2.930 0.230 29.0608 -88.0917
Offshore Ram Powell 
Rig 1 617 0.30 0.0621 0.0071 0.0692 14.800 0.400 29.0608 -88.0917
Offshore Ram Powell 
Rig 1 620 0.40 0.0076 0.0011 0.0087 2.430 0.500 29.0608 -88.0917
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Bluefish 
Pomatomus saltatrix 



Sample Locations: Pensacola Bay, Pensacola Pass, Santa Rosa Island Surf 
 
Samples from 9 fish ranging in size from 34 to 49 cm were collected from Pensacola Bay, Pensacola 
Pass, and along Santa Rosa Island in the Gulf of Mexico.  All fish were at or exceeded the US EPA 
screening value for mercury, and five out of nine exceeded the State of Florida threshold for limited 
consumption.  Two of the larger fish exceeded the US EPA threshold for total PCB content, and one 
fish exceeded the State of Florida threshold for PCBs.  Six out of nine fish exceeded the US EPA 
threshold for toxicity (TEQ) of Dioxins/Furans and PCBs. 
 
Mercury Content 
 
Mercury content was high in sampled fish. 
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Red line: State of Florida action limit at 0.60 
mg/kg.  Green line: US EPA recreational 
consumption action limit at 0.40 mg/kg 
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Red line: State of Florida action limit at 50 
μg/kg.  Green line: US EPA recreational 
consumption action limit at 20 μg/kg 
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 Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ at 0.256 ng/kg is 
indicated by the green line.  
 
 



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 
% 



Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg 



Pensacola Bay 1 339 360.0 1.20 0.4404 0.0204 0.4608 13.80 0.47
Pensacola Bay 1 355 420.0 1.00 0.1649 0.0067 0.1716 4.93 0.46
Pensacola Bay 1 375 470.0 0.40 0.1431 0.0048 0.1479 3.10 0.7
Pensacola Bay 1 381 480.0 0.60 0.2500 0.0701 0.3201 8.29 0.59
Pensacola Bay 1 392 560.0  0.0524 0.0547 0.1071 4.280 0.67
Pensacola Bay 1 392 540.0 0.70 0.3351 0.0124 0.3475 8.96 0.84
Pensacola Bay 1 470 980.0 0.90 0.2740 0.9300 1.2040 24.20 0.76
Pensacola Bay 1 490 1080.0 1.40 1.6748 3.0968 4.7716 138.00 0.39
Pensacola Bay 
Fort Pickens 1 452 940.0 0.40 0.0646 0.8071 0.8717 8.940   



 











 



 55



 



Bonita 
Euthynnus alleteratus 



 



Sample locations: offshore 
 
Two specimens were collected offshore, neither exceeded screening values for mercury, PCBs or TEQ. 
 
Mercury Content 
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Green line: US EPA recreational consumption action limit 
at 0.40 mg/kg 
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Green line: US EPA recreational consumption 
action limit at 20 μg/kg. 



 
 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex 
% 



Lipids 



TEQP 
ng/Kg 
ND=0 



ΣPCBs 
μg/Kg 



Hg 
mg/Kg LAT LONG 



Pensacola Bay Pass 1 570 2050 F 1.50 0.1324 8.351 0.1 30.3261 -87.3077
Pensacola Bay Pass 1 622 2440 M 0.70 0.1151 5.108 0.21 30.3261 -87.3077
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Atlantic Croaker 
Micropogenias undulatus 



Sample locations 
Mercury Content 
Low Mercury content throughout the area.  
 
Areas with High PCB content 
 
 Upper Escambia Bay 
 Bayous Texar, Chico, Grande 



 
Areas with low PCB content 
 East Bay 
 Bayous Hoffman,Woodlawn 
 Bayous Texar, Grande 
 Offshore 



 
Nine samples containing 50 fish (2 to 13 per composite) had very low concentrations of mercury.  PCB 
content, however, exceed the US EPA threshold in six of nine samples, with three of those collected in the 
urban bayous (Texar, Chico, Grande) and three during the Escambia Bay I-10 Bridge demolition blast.  The 
Escambia Bay samples were three to six times higher than the samples from the bayous.  Samples from East 
Bay, Hoffman/Woodland Bayou, and offshore had lower concentrations of total PCBs.  All samples except 
from offshore exceeded the US EPA screening value for TEQ (Dioxins/Furans and PCBs). 
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Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg 
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Red line: State of Florida action limit at 50 μg/kg.  
Green line: US EPA recreational consumption action 
limit at 20 μg/kg. Blue symbols from I-10 Bridge, 
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Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 
% 



Lipids



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Bayou Chico 4 246 183.5 1.80  1.3774  45.800 0.026 30.404 -87.255
Bayou Grande 5 275 214.6 2.90 0.5255 1.7625 2.2880 75.940 0.040 30.372 -87.297
Bayou Texar 5 278 261.9 2.80 0.6950 0.1010 0.7960 44.999 0.052 30.439 -87.188
East Bay 7 214 123.7 1.20 0.3535 0.0304 0.3839 16.098 0.059 30.450 -86.980
Escambia Bay I-
10 Bridge 6 202 99.8 2.40 0.3365 2.6980 3.0345 303.000 0.017 30.519 -87.143
Escambia Bay I-
10 Bridge 2 223 130.0 1.50 0.1829 2.2893 2.4722 174.000 0.023 30.519 -87.143
Escambia Bay I-
10 Bridge 2 265 245.0 3.40 0.5007 4.7609 5.2616 274.000 0.039 30.519 -87.143
Hoffman 
Woodland Bayou 6 217 121.8 2.30  1.3806  14.341 0.038 30.365 -87.179
Offshore outer 
shelf 13 202 98.2 1.00 0.0000 0.0145 0.0145 2.205 0.059 30.044 -86.991
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Dolphin (Mahi) 
Coryphaena 



hippurus 



Sample locations: offshore 
 
Two fish were sampled from offshore collections, 340 and 1080 cm.  Both fish had low mercury content.  
However the larger fish had 3 times the US EPA total PCB threshold, and also had an elevated TEQ value 
three times the US EPA screening value for recreational fisher consumption. 
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Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg. 
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Green line: US EPA recreational consumption action 
limit at 20 μg/kg. 
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Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex 
% 



Lipids



TEQP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg Hg mg/kg LAT LONG 



Offshore outer shelf 1 337 510.0 F 0.01 0.0787 3.190 0.0046 30.204 -87.067
Offshore outer shelf 1 1082 nt NT 1.80 0.7999 60.900 0.081 29.316 -88.237
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Flounder 
Paralichthys spp 



Sample Locations 



Fish were collected at various locations within the bay 
system.  While there appeared a tendency for elevated 
mercury and PCBs with size, no fish exceeded US EPA 
thresholds for these compounds.  One sample from the 
lower Escambia river did have an elevated TEQ value 
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Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg 
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Red line: State of Florida action limit 50 μg/kg.  Green  
line: US EPA recreational consumption limit 20 μg/kg. 
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ at 0.256 ng/kg is 
indicated by the green line.  
 



 



 
 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 



% 
Lipids 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Pensacola Bay, 
Lower 3 368 550.0 0.10 10.039 0.0014 10.041 0.711 0.150 30.355 -87.236
Blackwater Bay 3 384 596.7 0.10 0.0004 0.0009 0.0013 0.823 0.140 30.536 -87.020
Blackwater River 
Lower  4 385 607.5 0.30  0.7334  4.224 0.150 30.536 -87.020
East Bay 3 387 616.7 0.20 0.0000 0.0021 0.0021 1.420 0.180 30.450 -86.980
Garcon Point 3 386 613.3 0.30 0.0000 0.0030 0.0030 1.740 0.160 30.465 -87.151
Escambia Bay 
NE  3 369 684.6 0.30 0.1053 0.0201 0.1254 8.511 0.150 30.569 -87.165
Pensacola Bay, 
Lower 3 460 1160.0 0.40 0.1130 0.0316 0.1446 16.065 0.200 30.355 -87.236
Perdido Bay 
Upper  3 390 650.0 0.20 0.0350 0.0033 0.0383 1.718 0.210 30.422 -87.387
Santa Rosa 
Sound 3 377 682.5 0.40 0.0370 0.0493 0.0863 2.598 0.180 30.356 -87.100
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Striped Mullet 
Mugil cephalus 



Sample Locations Areas with High PCB content 
 Lower Escambia River 
 Escambia River Delta 
 Upper and West Escambia Bay 
 Bayou Chico 
 
Samples of skin-on fillets had twice the PCB load of 
skinless fillets. 
 
Areas with low PCB content 
 Indian/Trout Bayous, East Escambia Bay 
 East Bay, Blackwater Bay 
 Pensacola Bay 



Santa Rosa Sound 
 Bayous Hoffman,Woodlawn 
 Bayous Texar, Grande 
 Perdido Bay, Perdido River 
 



 
Eighteen locations were targeted over the region providing 56 samples containing 170 fish.  All samples 
were composites of 2 to 4 fish with at least three composites per location in nearly all cases, except four fish 
from the I-10 demolition blast on the Escambia Bay Bridge that were analyzed individually.   
 
Mercury content was very low in all mullet tested. 
 
Mullet contained the highest PCB and Dioxins/Furans concentrations of any fish sampled during this study, 
especially those fish collected from known PCB contaminated areas. Thirty of 56 samples exceeded the US 
EPA screening value for total PCBs, and 45 out of 56 samples exceeded the US EPA combined PCB and 
Dioxins/Furans TEQ screening value.  Thirty-two samples exceeded the TEQ value for Dioxins/Furans 
alone, and 29 samples exceeded the TEQ threshold for PCBs alone. 
 
Samples of skin-on fillets had twice the PCB load of skinless fillets, but the toxicity (TEQ) was higher for 
the skinless fillet. 
 
Locations with samples below the US EPA recreational consumption screening value for total PCBs and the 
combined PCB and Dioxins/Furans TEQ screening value were:  
Yellow River, 2 of 3 samples 
Bayou Texar, 1 of 3 samples 
East Bay, 3 of 3 samples 
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Red line: State of Florida action limit at 0.6 mg/kg.  
Green line: US EPA recreational consumption 
action limit at 0.4 mg/kg 
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State of Florida limit 50 μg/kg (red line). US EPA 
recreational limit 20 μg/kg (green line).  Note log scale 
on y-axis.  Blue symbols I-10 Bridge, Esc. Bay 
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Toxicity of Dioxins Furans (TEQDF) and PCBs 
(TEQP) in Mullet within Escambia Bay except for I-
10 bridge collections.  The green line is the US EPA 
recreational consumption action limit at 0.256 
ng/kg.  State of Florida does not have an official 
action limit established for TEQ values.   
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TEQDF and TEQP in Mullet in NW Florida waters 
except Escambia Bay.  The green line is the US EPA 
recreational consumption action limit at 0.256 ng/kg.  
State of Florida does not have an official action limit 
established for TEQ values.. 











 



 65



0



10



20



30



40



50



60



70



450 470 424 408



TEQDF ng/Kg ND=0 TEQp ng/Kg ND=0



TE
Q



 n
g/



K
g



Mean Length (mm)
 



TEQDF and TEQP in Mullet from the I-10 bridge in 
Esc. Bay. US EPA recreational consumption limit 
0.256 ng/kg (green line).  State of Florida does not 
have an official action limit established for TEQ 
values.  
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Location n



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex
Mean 
Age 



% 
Lipids



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



11 Mile Creek 4 314 351.8   2.1 2.10 0.3270 0.2712 0.5982 21.188  30.456 -87.377 
11 Mile Creek 4 329 415.3   2.5 2.10 0.3490 0.2913 0.6403 12.400 0.018 30.456 -87.377 
11 Mile Creek 4 382 623.3   3.0 1.50 0.1480 0.1717 0.3197 14.027 0.018 30.456 -87.377 
Bayou Chico 4 312 311.5   1.5  0.3420 0.5009 0.8429 21.269  30.404 -87.255 
Bayou Chico 4 314 332.5   1.7 0.40 1.2398 0.9612 2.2010 29.392 0.008 30.404 -87.255 
Bayou Chico 4 326 328.8   2.4 1.10 0.6560 1.1278 1.7838 40.800  30.404 -87.255 
Bayou Grande 4 314 370.8   2.2 0.30 0.5299 0.3020 0.8319 14.500 0.0083 30.372 -87.297 
Bayou Grande 3 344 323.3   2.3 0.90 0.3600 0.5792 0.9392 22.103 0.008 30.372 -87.297 
Bayou Grande 3 358 431.0   2.5 0.50 0.1230 0.5139 0.6369 20.351  30.372 -87.297 
Bayou Texar 3 373 496.0   1.8 1.00 0.0110 0.0219 0.0329 9.859  30.439 -87.188 
Bayou Texar 3 385 563.7   2.0 0.50 0.0840 0.2389 0.3229 14.113 0.010 30.439 -87.188 
Bayou Texar 3 390 493.3   1.7 1.30 1.1360 0.3630 1.4990 21.500 0.0096 30.439 -87.188 
East Bay 4 419 617.5   3.1 1.10 0.0000 0.2119 0.2119 5.800 0.026 30.450 -86.980 
East Bay 3 422 633.3   3.2 2.80 0.0350 0.0564 0.0914 13.100  30.450 -86.980 
East Bay 3 434 693.3   3.5 0.60 0.0980 0.0203 0.1183 7.759 0.026 30.450 -86.980 
Esc. Bay I-10 Bridge 1 408 750.0 F   4.40 1.0701 19.6102 20.6803 678.000 0.0095 30.519 -87.143 
Esc. Bay I-10 Bridge 1 424 750.0 F   2.20 0.5219 39.5867 40.1086 1003.255 0.011 30.519 -87.143 
Esc. Bay I-10 Bridge 1 450 930.0 F   3.90 0.4382 12.1610 12.5992 284.000 0.013 30.519 -87.143 
Esc. Bay I-10 Bridge 1 470 1010.0 F   3.30 0.4668 68.5075 68.9743 1580.000 0.0099 30.519 -87.143 
Escambia Bay NE  4 387 607.5   2.6 1.10 0.3030 0.0834 0.3864 36.724  30.569 -87.165 
Escambia Bay NE  4 388 562.5   2.7 1.70 0.1640 0.7789 0.9429 24.600 0.018 30.569 -87.165 
Escambia Bay NE  3 424 716.7   4.0 2.10 0.0670 0.0662 0.1332 33.600  30.569 -87.165 
Escambia River Lower 3 381 602.3 F 2.4 2.00 0.3750 0.0577 0.4327 24.852  30.533 -87.169 
Escambia River Lower 3 388 675.0 F 2.7 2.20 0.0480 0.5199 0.5679 48.605 0.017 30.533 -87.169 
Escambia River Lower 3 402 763.3 F 4.0 1.90 0.4420 0.9390 1.3810 84.000 0.017 30.533 -87.169 
Escambia Bay SE 2 392 564.0     0.60 0.3630 0.2393 0.6023 8.570 0.014 30.465 -87.151 
Escambia Bay SE 2 401 563.5     0.70 0.0463 0.2750 0.3213 9.140 0.021 30.465 -87.151 
Escambia Bay SW  3 387 556.7   2.9 1.90 0.4930 0.0787 0.5717 38.699  30.494 -87.113 
Escambia Bay SW  3 395 566.7   3.3 1.30 0.0310 0.4469 0.4779 21.200  30.494 -87.113 
Escambia Bay SW  3 417 633.3   3.0 1.40 0.1490 0.3064 0.4554 20.100 0.024 30.494 -87.113 
Esc. River Crist Plant 3 316 288.1   1.3 1.10 0.0910 0.3508 0.4418 39.000  30.554 -87.212 
Esc. River Crist Plant 3 350 374.6 F 1.3 1.00 0.2160 0.7479 0.9639 57.700  30.554 -87.212 
Esc. River Crist Plant 3 385 516.7 M 2.0 1.20 1.0959 1.2081 2.3040 85.100  30.554 -87.212 
Esc. River Crist Plant 3 457 776.7 F 3.3 1.70 0.5802 0.8412 1.4214 56.700  30.554 -87.212 
Escambia River Mid (above Mansanto) 3 450 1160.0 F 5.0 6.50 0.5750 0.3556 0.9306 22.480     
Escambia River Quintette Bridge 4 346 427.5 F 1.0 1.00 0.3990 0.1675 0.5665 18.600  30.670 -87.267 
Escambia River Quintette Bridge 3 390 620.0   1.0 2.80 1.6293 0.5613 2.1906 33.300  30.670 -87.267 
Escambia River Quintette Bridge 3 430 760.0 F 1.3 3.60 1.4059 0.0410 1.4469 32.100  30.670 -87.267 
Escambia River Quintette Bridge 3 455 856.7   3.7 1.10 0.9838 0.2267 1.2105 20.400  30.670 -87.267 
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Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex 
Mean 
Age 



% 
Lipids 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Escambia River Rt 4 Bridge 2 199 186.5 F 2.0 0.90 0.5365 0.0253 0.5618 4.390 0.008 30.967 87.234 
Escambia River Rt 4 Bridge 3 295 660.0 F 2.7 3.20 0.1655 0.4048 0.5703 42.600 0.017 30.967 87.234 
Escambia River Rt 4 Bridge 3 353 946.7 F 3.8 4.70 0.7760 0.2420 1.0180 29.800 0.021 30.967 87.234 
Perdido River 3 310 321.7   1.5 1.70 0.3060 0.1674 0.4734 8.050 0.021 30.460 -87.412 
Perdido River 3 318 320.3   2.2 2.80 0.3800 0.1999 0.5799 8.087  30.460 -87.412 
Perdido River 3 322 311.0   2.0 1.50 0.1450 0.0823 0.2273 3.843 0.021 30.460 -87.412 
Perdido River Lower 5 320 319.0   2.0 1.00 0.1130 0.0982 0.2112 3.110 0.0097 30.530 -87.447 
Perdido River Lower 4 321 315.8   2.0 1.30 0.1630 0.0090 0.1720 6.363 0.010 30.530 -87.447 
Perdido River Mid 4 338 358.5   2.0 2.10 0.1240 0.1078 0.2318 5.283  30.530 -87.447 
Yellow River Lower 4 342 382.5   2.0 1.40 0.2170 0.1209 0.3379 5.050 0.012 30.536 -87.020 
Yellow River Lower 4 355 425.3   1.8 1.00 0.0000 0.0038 0.0038 2.080  30.536 -87.020 
Yellow River Lower 3 394 552.0   3.5 1.30 0.1280 0.0721 0.2001 4.517  30.536 -87.020 
Hoffman Woodland Bayou 2 374 457.0     0.80 0.5920 0.1312 0.7232 6.300 0.014 30.365 -87.179 
Hoffman Woodland Bayou 2 384 493.0     0.70 0.3230 0.1546 0.4776 8.310 0.014 30.365 -87.179 
Hoffman Woodland Bayou 2 292 205.5          12.705 0.014 30.365 -87.179 
Hoffman Woodland Bayou 2 297 229.5     4.20 0.0687 0.3309 0.3996 19.445  30.365 -87.179 
Hoffman Woodland Bayou 3 311 321.5   1.3 4.80 0.5510 0.3975 0.9485 19.000 0.027 30.365 -87.179 
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Gag Grouper 
Mycteroperca 



microlepis 



Sample Locations: Offshore 
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Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg 
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Green line: US EPA recreational consumption 
action limit at 20 μg/kg. These fish were taken 
offshore.
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Toxicity of PCBs (TEQP) in Scamp from offshore 
Pensacola, FL.  Two samples were close to zero.  The 
US EPA recreational consumption action limit is 
indicated by the green line at 0.256 ng/kg. 



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 
% 



Lipids



TEQP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Offshore midshelf 1 435 840.0 0.10 0.1095 2.994 0.18 30.1849 -87.2367
Offshore midshelf 1 700 4670.0 0.70 0.3335 22.980 0.29 30.1963 -87.2385
Offshore outer shelf 1 405 1230.0 0.20 0.0012 2.62 0.12 29.8472 -87.3042
Offshore outer shelf 1 530 1890.0 0.10 0.0197 2.792 0.19 30.0672 -87.0922
Offshore outer shelf 1 728 8960.0 0.80 0.0591 3.504 0.33 29.7167 -87.3167
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Scamp Grouper 
Mycteroperca phenax



Sampling Locations: Offshore 
  
Mercury Content 
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Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg 



PCB Content 



0



5



10



15



20



25



300 350 400 450 500 550 600



Mycteroperca phenax



To
ta



l P
C



B
s 
μ



g/
K



g



Mean Length (mm)



 
Green line: US EPA recreational consumption action 



limit at 20 μg/kg. These fish were taken offshore.
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Toxicity of PCBs (TEQP) in Scamp from offshore 
Pensacola, FL.  Two samples were close to zero.  The 
US EPA recreational consumption action limit is 
indicated by the green line at 0.256 ng/kg.  



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 
% 



Lipids



TEQP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg Hg mg/kg LAT LONG 



Offshore outer shelf 1 305 570.0 0.10 0.0004 2.08 0.092 29.8472 -87.3042
Offshore outer shelf 1 325 820.0 0.50 0.0641 3.646 0.058 29.3000 -88.0167
Offshore outer shelf 1 350 90.0 0.10 0.0422 1.580 0.12 29.8472 -87.3042
Offshore outer shelf 1 400 570.0 2.20 0.0679 3.160 0.2 29.8472 -87.3042
Offshore outer shelf 1 535 2070.0 0.60  5.668 0.15 29.4333 -87.7167
Offshore outer shelf 1 590 5250.0 2.10 0.6646 32.066 0.098 29.1833 -88.1833
Offshore outer shelf 1 590 5250.0 2.20 0.4822 23.600 0.11 29.1833 -88.1833
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Red, Gag, & Scamp Groupers 
Epinephalus morio, Mycteroperca microlepis, Mycteroperca phenax 



Sampling Location: Offshore 
Fifteen groupers were sampled from offshore reefs. These fishes show a tendency for bioaccumulation with 
age for both mercury and PCBs.   No samples exceeded the US EPA screening value for mercury, although 
three samples exceeded the screening value for total PCBs, and four samples exceed the TEQ value for PCBs 
alone (Dioxin/Furans were not analyzed in these fish). 
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Green line: US EPA recreational consumption 
action limit at 0.40 mg/kg 
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Green line: US EPA recreational consumption action 
limit at 20 μg/kg 
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ at 0.256 ng/kg is 
indicated by the green line.  
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King Mackerel 
Scomberomorus cavalla



Sample locations: Offshore 
 
Twenty-eight fish were sampled from offshore Pensacola.  Both PCBs and Hg accumulate with age in this 
species.  Mercury content was high in these fish, and an existing consumption advisory exists based on the 
mercury content of larger specimens (>32”), which agrees with the recorded sizes of those fishes in this study 
exceeding the US EPA screening value.  PCB content also exceeded the US EPA screening value at about the 
same size.  The highest PCB loads of any offshore fish sampled were recorded for this species (92.5 μg/kg).  
Combined Dioxins/Furans and PCB TEQ values exceeded the US EPA screening value in 11 of 22 fish for 
which this data was available. 
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Green line: US EPA recreational consumption action limit 
at 0.40 mg/kg.  Red line: State of Florida threshold for 
limited consumption at 0.60 mg/kg. 
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Red line: State of Florida action limit at 50 μg/kg. 
Green line: US EPA recreational consumption 
action limit at 20 μg/kg. These fish were taken 
offshore. 
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational consumption 
action limit for TEQ at 0.256 ng/kg is indicated by the 
green line.  
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Location 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex 
Mean 
Age 



% 
Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



     
Nearshore 3 Barges 714 1740.0 F   0.10 0.0032 0.0610 0.0642 3.030 0.32 30.289 -87.220
Nearshore 3 Barges 721 1700.0 F   0.10  0.0005  1.430 0.24 30.289 -87.220
Nearshore 3 Barges 811 2790.0 F 2.0 0.10 0.0178 0.5429 0.5607 9.610 0.36 30.289 -87.220
Nearshore 3 Barges 817 2860.0 F 3.0 0.80 0.0000 0.0462 0.0462 3.100 0.29 30.289 -87.220
Nearshore 3 Barges 821 2650.0 F   0.60 0.0832 0.1415 0.2247 7.910 0.35 30.289 -87.220
Nearshore 3 Barges 880 3590.0 F   0.30 0.0016 0.1033 0.1049 2.960 0.55 30.289 -87.220
Nearshore 3 Barges 885 3140.0 F 2.0 0.10 0.0090   0.0090 27.700 0.73 30.289 -87.220
Nearshore 3 Barges 893 4180.0 M 2.0 0.20 0.0000 0.0804 0.0804 8.460 0.56 30.289 -87.220
Nearshore 3 Barges 899 3910.0 F 2.0 0.30 0.0141 0.5034 0.5175 25.900 0.42 30.289 -87.220
Nearshore 3 Barges 994 5300.0 M 9.0 0.10  0.4776  34.100   30.289 -87.220
Nearshore Paradise Hole 636 1260.0 M 2.0 0.10 0.0093 0.0018 0.0111 5.120   30.216 -87.446
Nearshore Paradise Hole 681 1450.0 NT   0.50     11.900 0.47 30.216 -87.446
Nearshore Paradise Hole 840 2930.0 F 3.0 0.10  0.1058  8.840   30.216 -87.446
Nearshore Paradise Hole 855 3170.0 F 3.0 0.20 0.0081 0.0008 0.0089 1.860 0.41 30.216 -87.446
Nearshore Paradise Hole 872 2610.0 F 3.0 0.50 0.0000 0.3362 0.3362 1.410 0.52 30.216 -87.446
Offshore outer shelf 750 5090.0 M   6.00 0.7228 2.2172 2.9400 92.459 0.39 29.847 -87.304
Offshore outer shelf 900 3680.0 F   0.20 0.0013 0.0008 0.0021 1.680 0.77   
Offshore outer shelf 902 3480.0 F   0.10 0.0069 0.0639 0.0708 6.630 0.43   
Offshore outer shelf 919 3870.0 F   0.30 0.1255 0.4262  17.700 0.39   
Offshore outer shelf 1109 7440.0 F 11.0 0.80     4.980     
Offshore outer shelf 1300 1255.0 F 13.0 0.50  1.3320  98.300     
Offshore outer shelf 1330 15000.0 F   8.00 2.8670 6.1700 9.0370 307 2.5   
Offshore outer shelf 1356 14840.0 F   5.30 5.2370 1.4995 6.7365 125 0.55   
Offshore outer shelf 1413 17540.0 F   0.40 0.2077 0.2560 0.4637 18.8 1.6   
Offshore outer shelf 1458 23500.0 F   0.30 0.2606 0.4977 0.7583 22.7 3.6   
Offshore outer shelf 1484 18080.0 F   0.50 0.2946 0.4368 0.7314 27.4 2.3   
Offshore outer shelf 1821 28360.0 F   0.10 0.0055 0.0028 0.0083 2.82 4.9   
Pensacola Beach Pier 780 3855.0 F   0.20     8.412   30.330 -87.141
Pensacola Beach Pier 830 4820.0 F   6.40 0.2081 0.7822 0.9903 32.185   30.330 -87.141
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Mingo Snapper 
Rhomboplites aurorubens 



Sample Locations  
Specimens were obtained over offshore reefs 
representing 8 samples comprised of 20 fish, with 6 
samples as individual specimens. TEQ values, PCBs 
and mercury content were all low in sampled fish. 
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Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg 
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ is 0.256 ng/kg. 



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 



% 
Lipids 



TEQP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Offshore midshelf 3 270 333.7 1.50 0.0547 3.47 0.039 30.188 -87.217
Offshore midshelf reef 
permit zone 1 173 72.1        30.081 -87.194
Offshore midshelf reef 
permit zone 11 181 86.9 1.50 0.0548 2.95 0.017 30.081 -87.194
Offshore outer shelf 1 232 380.0 1.58 0.0836 7.820 0.36 30.043 -87.006
Offshore outer shelf 1 247 460.0 1.01 0.0573 4.2746 0.029 30.043 -87.006
Offshore outer shelf 1 250 430.0 1.48 0.1524 8.260 0.029 30.043 -87.006
Offshore outer shelf 1 415 980.0 0.80 0.0003 2.32 0.03 29.998 -87.086
Offshore outer shelf 1 453 1180.0 1.00 0.0020 1.050 0.032 29.998 -87.086
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Pompano 
Trachinotus carolinus 



Sample locations: Santa Rosa Island Surf  
 
Nine fish were collected from Santa Rosa Island Surf and analyzed as individuals.  Mercury accumulation with 
size was apparent, but only one mid-sized fish of nine samples exceeded the US EPA screening value.  None of 
the PCB concentrations were above the US EPA screening value, and higher concentrations were found in smaller 
fish, consistent with estuarine utilization by juveniles in this species.  The fish with the two highest PCB 
concentrations also had high Dioxins/Furans, and the TEQ values for these fish exceeded the US EPA  TEQ 
screening value for recreational fisher consumption. 
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Green line: US EPA recreational consumption action limit 
at 0.40 mg/kg.  Red line: State of Florida action limit at 
0.6 mg/kg.. 
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Green line: US EPA recreational consumption action 
limit at 20 μg/kg. These fish were taken offshore.   
Red line: State of Florida action limit at 50 μg/kg 
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Location n 



Mean 
Lgth 
(mm) 



Mean 
Wght 



(g) Sex
% 



Lipid



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Santa Rosa Island 
surf 1 345 490.0 F 0.40 0.0081 0.0014 0.0095 2.850 0.15 30.349 -87.041
Santa Rosa Island 
surf 1 355 520.0 F 0.30 0.0000 0.0748 0.0748 3.030 0.18 30.349 -87.041
Santa Rosa Island 
surf 1 355 510.0 F 1.50 0.1000 0.0004 0.1004 0.59 0.18 30.349 -87.041
Santa Rosa Island 
surf 1 365 610.0 F 2.30 0.0280 0.2228 0.2508 11.400 0.11 30.349 -87.041
Santa Rosa Island 
surf 1 409 500.0 M 0.40 0.4206 0.0162 0.4368 11.50 0.55 30.349 -87.041
Santa Rosa Island 
surf 1 410 870.0 F 2.50 0.0000 0.0192 0.0192 2.560 0.16 30.349 -87.041
Santa Rosa Island 
surf 1 450 1090.0 F 0.30 0.0000 0.0038 0.0038 2.050 0.27 30.349 -87.041
Santa Rosa Island 
surf 1 450 960.0 F 0.10 0.0000 0.0002 0.0002 0.746 0.2 30.349 -87.041
Santa Rosa Island 
surf 1 462 1180.0 F 0.10 0.0108 0.0010 0.0118 2.560 0.22 30.349 -87.041
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Red Drum 
Sciaenops ocelatus 



 



Sample Locations  
 
 
Fifteen samples including 28 fish from 10 locations 
were analyzed.  With the exception of a single 
sample, mercury content increased slightly with 
size but was low in all samples.  PCB content 
increased with size, with 5 samples over the US 
EPA screening value.  Three fish had TEQ values 
that exceeded that US EPA screening value. 
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Red line: State of Florida action limit at 0.6 mg/kg.  
Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg. 
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Red line: State of Florida action limit at 50 μg/kg 
Green line: US EPA recreational consumption action 
limit at 20 μg/kg 
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ at 0.256 ng/kg is 
indicated by the green line.  
 
 



Location n 



Mean 
Lgth 
(mm) 



Mean 
Wght 



(g) Age 
% 



Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=



0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Pens. Bay 1 845 6730 14.0    0.248  26.400   30.407 -87.141
Pens. Bay 1 920 10510 15.0 0.10  0.167  6.690   30.407 -87.141
Bayou Grande 1 395 560.0 1.2 0.30 0.027 0.002 0.0286 1.729 0.090 30.372 -87.297
Bayou Grande 4 526 1447.5 1.3 0.40 0.068 0.027 0.0946 18.233 0.110 30.372 -87.297
Bayou Texar 3 550 1616.7 1.3 0.30 0.001 0.283 0.2840 8.310 0.110 30.439 -87.188
East Bay 3 515 1250.0 1.0 0.30 0.131 0.008 0.1389 3.053 0.180 30.450 -86.980
East Bay, W 1 667 3080.0 2.0 0.20 0.012 0.130 0.1422 6.897 0.260 30.437 -87.052
East Bay, W 1 868 5060.0 8.0 0.20 0.288 0.110 0.3985 60.322 1.100 30.470 -87.052
Escambia Bay 
NW  1 650 2730.0 3.0 0.10 0.027 0.226 0.2536 13.658 0.092 30.533 -87.169
Escambia Bay 
SW  1 601 1810.0 2.0 0.20 0.041 0.242 0.2827 23.153 0.073 30.494 -87.113
Offshore  1 796 4630.0   0.30 0.000 0.015 0.0154 1.650 0.26 30.071 -87.035
Pensacola Bay, 
Lower 3 473 976.7 1.0 0.20 0.020 0.001 0.0204 0.916 0.160 30.355 -87.236
Pensacola Bay, 
Lower 1 853 6230.0 17.0 0.40 0.165 0.048 0.2134 31.314 0.240 30.355 -87.236
Perdido Bay 
Upper  3 420 740.0 1.0 0.20 0.024 0.003 0.0271 1.150 0.190 30.420 -87.387
Santa Rosa 
Sound 3 573 1250.0 2.0 0.20 0.038 0.000 0.0380 40.304 0.200 30.356 -87.100



 
 











 



 83



Red Snapper 
Lutjanus campechanus 



Sample Locations  
 
Forty-two fish in 24 samples were collected from 
offshore reefs, with smaller sized fish making up 
composites of 2 to 6 fish.  Mercury content 
increased with size, with larger fish approaching 
the US EPA screening value and one fish 
exceeding it.  PCB content was generally low 
with one larger fish close to the US EPA 
screening value and one smaller fish exceeding it.  
TEQ values followed a similar pattern, with only 
one smaller fish exceeding the screening value. 
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Red line: State of Florida action limit at 0.6 mg/kg.   
Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg. 
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Red line: State of Florida action limit at 50 μg/kg.  
Green line: US EPA recreational consumption 
action limit at 20 μg/kg. 
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Toxicity of PCBs (TEQP) in Red Snapper from 
offshore Pensacola, FL. The green line is the US 
EPA recreational consumption action limit at 0.256 
ng/kg.  



 



 
 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 
% 



Lipid 



TEQP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Inshore 3 130 76.1 1.90 0.0215 2.23 0.023 30.208 -87.120
Inshore 2 170 146.2 0.10 0.0011 2.64 0.037 30.208 -87.120
Offshore midshelf 2 295 480.0 0.20 0.0686 2.631 0.05 30.189 -87.218
Offshore midshelf 3 337 770.0 1.70 0.1550 6.13 0.12 30.189 -87.218
Offshore midshelf 1 400 960.0 0.10 0.0380 2.600 0.06 30.202 -87.239
Offshore midshelf 1 550 2300.0 0.20 0.0881 4.980 0.12 30.202 -87.239
Offshore midshelf 1 613 3400.0 0.50 0.1030 5.315 0.13 30.202 -87.239
midshelf reef permit zone 1 295 380.0 0.40 0.0006 1.477 0.036 30.083 -87.174
midshelf reef permit zone 1 338 550.0 0.70 0.0475 2.86 0.049 30.083 -87.174
midshelf reef permit zone 1 614 316.0 0.10 0.0559 3.505 0.15 30.058 -87.198
Offshore outer shelf 4 151 122.9 0.60 0.0809 1.97 0.028 29.961 -87.110
Offshore outer shelf 6 153 131.3 0.20 0.0171 1.597 0.021 29.984 -87.084
Offshore outer shelf 1 270 620.0 0.13 0.3024 22.300 0.038 30.043 -87.007
Offshore outer shelf 1 280 690.0 0.15 0.1801 9.370 0.07 30.043 -87.007
Offshore outer shelf 1 362 652.8 0.70 0.0005 1.55 0.043 29.998 -87.086
Offshore outer shelf 1 395 780.0 0.10 0.0012 2.35 0.044 29.998 -87.086
Offshore outer shelf 1 401 920.0 0.10 0.0005 1.54 0.044 29.998 -87.086
Offshore outer shelf 1 480 1520.0 1.50 0.0995 4.92 0.066 29.998 -87.086
Offshore outer shelf 1 535 4480.0 0.40 0.1231 6.323 0.33 29.683 -87.333
Offshore outer shelf 4 540 220.3     0.19   
Offshore outer shelf 1 558 2610.0 1.70 0.0676 4.23   30.078 -87.087
Offshore outer shelf 1 640 7600.0 0.40 0.0845 4.180 0.48 29.433 -87.717
Offshore outer shelf 1 652 3690.0 0.10 0.1456 3.512 0.37 29.998 -87.086
Offshore outer shelf 1 690 1068.0 0.50  17.37 0.22 30.220 -88.208
Offshore outer shelf 1 740 5680.0 0.00 0.1184 3.576 0.18 29.847 -87.304
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Sheepshead 
Archosargus 



probatocephalus 
 



Sample Locations  
Eighteen fish were sampled from two locations: 
Pensacola Pass during the annual spawning 
aggregation, and from the Escambia Bay I-10 Bridge 
demolition blast.  Mercury content was determined 
for the 8 samples taken from Pensacola pass, and 
although accumulation with age was observed, the 
concentrations were all well below the US EPA 
screening value.  PCB content, however, was above 
the US EPA screening value for three of the eight 
samples from Pensacola Pass where fish had 
congregated for the annual spawning.  All of the 
samples from the I-10 Escambia Bay Bridge were 
well above the US EPA Screening value.  Only one 
sample from both locations was below the US EPA 
screening value for TEQ.  
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Red line: State of Florida action limit at 0.6 mg/kg.  
Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg 
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State of Florida action limit 50 μg/kg (red line). US 
EPA recreational consumption action limit 20 μg/kg 
(green line).  Red symbols I-10 Bridge, Esc. Bay 
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Toxicity of Dioxins Furans (TEQDF) and PCBs 
(TEQP) in Sheepshead from Pensacola Bay.  High 
values, with one exception, were obtained for fish 
collected at the I-10 bridge (starred samples) in 
Escambia Bay.  The green line is the US EPA 
recreational consumption action limit at 0.256 ng/kg.  
State of Florida does not have an official action limit 
established for TEQ values.  



 



 



Location n 



Mean 
Lgth 
(mm) 



Mean 
Weight 



(g) 



% 
Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Escambia Bay I-10 1 245 280.0 1.00 0.1846 2.1508 2.3354 41.100 0.025 30.519 -87.143
Escambia Bay I-10 1 255 340.0 0.80 0.1913 2.8072 2.9985 54.100 0.03 30.519 -87.143
Escambia Bay I-10  1 310 610.0 1.80 0.3154 3.4060 3.7214 173.00 0.035 30.519 -87.143
Escambia Bay I-10  1 312 550.0 0.70 0.2094 4.7738 4.9832 87.700 0.035 30.519 -87.143
Escambia Bay I-10 1 345 700.0 0.70 0.1699 4.6129 4.7828 83.700 0.039 30.519 -87.143
Escambia Bay I-10  1 420 1350.0 0.60 0.1026 2.8624 2.9650 73.600 0.085 30.519 -87.143
Escambia Bay I-10  1 440 1580.0 2.60 0.8599 11.599 12.459 192.00 0.089 30.519 -87.143
Escambia Bay I-10  1 455 1770.0 1.60 0.2838 5.1068 5.3906 165.00 0.092 30.519 -87.143
Pensacola Pass 1 420 1230.0 0.20 0.0956 0.2458 0.3414 23.000   30.334 -87.299
Pensacola Pass 1 433 1400.0 0.30 0.1414 0.1105 0.2519 2.150   30.334 -87.299
Pensacola Pass 1 435 1620.0 0.40 0.0841 0.6006 0.6847 25.100   30.334 -87.299
Pensacola Pass 1 435 1310.0 1.00 0.6197 0.7205 1.3402 18.200   30.334 -87.299
Pensacola Pass 1 440 1670.0 0.90 0.2482 0.3786 0.6268 14.600   30.334 -87.299
Pensacola Pass 1 451 1650.0 0.30 0.0000 0.0166 0.0166 2.570   30.334 -87.299
Pensacola Pass 1 458 1550.0 0.60 0.4506 2.0207 2.4713 62.300   30.334 -87.299
Pensacola Pass 1 466 1470.0 0.40 0.0857 0.2980 0.3837 10.200   30.334 -87.299
Pensacola Pass 1 472 1530.0 0.40 0.1522 0.5279 0.6801 16.700   30.334 -87.299
Pensacola Pass 1 500 1980.0 0.70 0.9019 0.3197 1.2216 9.640   30.334 -87.299
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Shrimp 
Farfantepenaeus spp. 



 



Sample Locations 
 
Shrimp samples (4) from Pensacola Bay were all well below screening values for mercury, PCBs and TEQ. 
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Red line: State of Florida action limit at 0.5 mg/kg.  
Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg. 
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Red line: State of Florida action limit at 50 μg/kg.  
Green line: US EPA recreational consumption 
action limit at 20 μg/kg. 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 



% 
Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Pens. Bay 34 101 7.0 0.50  0.082  4.779 0.011 30.407 -87.141
Pens. Bay 13 132 15.3 0.40 0.376 0.012 0.3877 5.49 0.011 30.394 -87.185
Pens. Bay 7 153 24.4 0.60 0.263 0.005 0.2676 4.42 0.014 30.394 -87.185
Pens. Bay 74 119   0.30    5.37 0     
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Spanish Mackerel 
Scomberomorus maculatus 



Sample locations: Pensacola Pass, offshore 
 
Seven samples of individual fish were collected from Pensacola pass and along the gulf shoreline of Santa 
Rosa Island.  Mercury content increased with size of the fish, with five of seven samples exceeding the US 
EPA screening value.  PCBs however, decreased with increasing size, with the two smallest fish exceeding 
the US EPA Screening value for total PCBs, consistent with younger fish foraging in the estuary and older 
fish moving offshore.  The highest PCB toxicity as TEQ was for two of the larger specimens, indicating that 
despite lower total PCB, more toxic congeners were more prevalent with age. 
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Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg.  Red line: State of Florida 
threshold for limited consumption at 0.60 mg/kg. 
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Red line: State of Florida action limit at 50 μg/kg.  
Green line: US EPA recreational consumption action 
limit at 20 μg/kg. These fish were taken offshore.
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Toxicity of PCBs (TEQP) in Spanish mackerel from 
inshore and offshore Pensacola, FL.  One sample 
was close to zero.  The US EPA recreational 
consumption action limit is indicated by the green 
line at 0.256 ng/kg.  



 



 
 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 



% 
Lipids 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Nearshore 
3 Barges 1 551 960.0 1.60 0.1026 0.1515 0.2541 7.350 0.46 30.288



-
87.220



Offshore 
outer shelf 1 530 900.0 1.00 0.2643 0.1733 0.4376 15.700 0.57   
Offshore 
outer shelf 1 582 1020.0 0.10 0.0210 0.0008 0.0218 2.010 0.51   
Offshore 
outer shelf 1 620 13750.0 0.30 0.0930 0.1619 0.2549 4.570 0.83   
Pensacola 
Bay Pass 1 505 680.0 3.20  0.4892  32.423 0.062 30.326



-
87.307



Pensacola 
Bay Pass 1 537 870.0 2.30  0.3539  25.354 0.13 30.326



-
87.307



Pensacola 
Bay Pass 1 632 128.0 0.10 0.0012 0.0587 0.0599 3.020 0.51 30.326



-
87.307
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Spotted Seatrout 
Cynoscion nebulosus 



 



Sample Locations  
 
 
Mercury content is higher in larger fish throughout 
the area.  
 
 
Areas with High PCB samples 
 Upper and West Escambia Bay 
 Bayou Grande 
 
 



Twelve Sample locations provided 18 samples and 49 fish.  Five samples were individual fish, the others were 
composites of 3 to 5 fish each.  Mercury increased with fish size throughout the area to the point where 8 samples 
had mercury concentrations higher than the US EPA screening value.  With the exception of a single sample, PCB 
content was lower than for other species sampled in the same locations, including the Escambia I-10 bridge site 
which had the highest PCB concentrations found during the course of the study.  Five of 18 samples were above 
the US EPA screening value for total PCBs.  Eight of 18 samples exceeded the US EPA screening value for TEQ. 
 
Mercury Content 



0



0.1



0.2



0.3



0.4



0.5



0.6



0.7



0.8



300 350 400 450 500 550 600 650



Cynoscion nebulosus



To
ta



l M
er



cu
ry



 m
g/



K
g



Mean Length (mm)  
Red line: State of Florida action limit at 0.6 mg/kg.  
Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg. 



PCB content 



0



50



100



150



200



250



300 350 400 450 500 550 600 650



Cynoscion nebulosus



To
ta



l P
C



B
s 
μ



g/
K



g



Mean Length (mm)
 



Red line: State of Florida action limit at 50 μg/kg.  .  
Green line: US EPA recreational consumption action 
limit at 20 μg/kg.  Blue symbols from I-10 Bridge, 











 



 91



Escambia Bay 
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Toxicity of Dioxins Furans (TEQDF) and PCBs (TEQP) in 
Spotted Seatrout from NW Florida waters. Low values 
were recorded from East Bay, Santa Rosa Sound, and 
Perdido Bay. The green line is the US EPA recreational 
consumption action limit at 0.256 ng/kg.  State of Florida 
does not have an official action limit established for TEQ 
values.  



 



Location n 



Mean 
Lgth 
(mm) 



Mean 
Wgt 
(g) 



Mean 
Age 



% 
Lipid 



TEQDF 
ng/Kg 
ND=0 



TEQP 
ng/Kg 
ND=0 



TEQDFP 
ng/Kg 
ND=0 



ΣPCBs 
μg/Kg 



Hg 
mg/kg LAT LONG 



Bayou Chico 5 336 343.2 1.1 0.30 0.2014 0.0177 0.2191 9.276 0.170 30.404 -87.255
Bayou Grande 4 328 284.6 1.1 0.20 0.3620 0.0367 0.3987 23.401 0.130 30.372 -87.297
Bayou Texar 3 428 626.7 2.7 0.40 0.0059 0.6300 0.6359 6.110 0.460 30.439 -87.188



Bayou Texar 1 630 
1790.



0 6.0 0.50 0.0000 0.0971 0.0971 4.030 0.64 30.439 -87.188
East Bay 3 455 836.7 3.5 0.50 0.0548 0.0219 0.0767 10.976 0.490 30.450 -86.980
Esc. Bay I-10  1 354 350.0   0.20 0.0768 0.6807 0.7575 27.000 0.1 30.519 -87.142
Esc. Bay I-10  1 455 820.0   0.30 0.1951 0.6826 0.8777 26.300 0.17 30.519 -87.142
Esc. Bay NE  3 407 623.3 1.8 0.30 0.0360 0.1638 0.1998 12.928 0.270 30.569 -87.165
Esc. Bay NW  1 371 370.0 1.0 0.30 0.0185 2.1435 2.1620 209.32 0.360 30.533 -87.169
Esc. Bay NW  3 379 466.1 1.0 0.40 0.0639 0.0488 0.1127 24.572 0.240 30.533 -87.169
Esc. Bay SW  5 343 330.6 1.0 0.30 0.1085 0.0286 0.1371 14.640 0.210 30.494 -87.113
Hoffman-
Woodland  4 497 



1050.
0 2.9 0.70 0.6048 0.1940 0.7988 2.320 0.640 30.365 -87.179



Pensacola Bay 4 368 420.0 1.7 0.60 0.0000 0.0234 0.0234 11.900 0.300 30.407 -87.141
Pensacola Bay, 
Lower 3 373 516.7 3.6 0.10 0.3480 0.0396 0.3876 16.197 0.470 30.355 -87.236
Penscola Bay  3 428 646.7 2.6 0.40 0.0000 0.0028 0.0028 1.630 0.370 30.355 -87.236



Penscola Bay  1 615 
1430.



0   0.20 0.0000 1.4071 1.4071 10.383 0.700 30.355 -87.236
Perdido Bay  4 358 393.6 1.1 0.20 0.0320 0.0043 0.0363 1.805 0.300 30.422 -87.387
Santa Rosa 
Sound 3 475 850.0 2.1 0.20 0.0006 0.0009 0.0015 0.500 0.410 30.356 -87.100
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Gray Trigger 
Balistes capriscus 



 



Sample locations  
 
 
Seven samples, 6 as individual fish and one 3 fish 
composite were collected on offshore reefs.  All 
fish had low mercury, PCBs, and TEQ values 
well below US EPA screening values. 
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Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg.   
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action limit t at 20 μg/kg.   
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Toxicity of PCBs (TEQP) in Gray Trigger fish from 
offshore Pensacola, FL.  Five of six samples were close 
to zero.  The US EPA recreational consumption action 
limit is 0.256 ng/kg.  
 



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 
% 



Lipids 



TEQP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Offshore outer shelf 1 400 1560.0 0.02 0.0001 0.800 0.059     
Offshore outer shelf       0.20 0.0001 0.3233 0.061 29.983 -87.284
Offshore midshelf 
reef permit zone 1 272 460.0 0.20 0.0003 1.270 0.13 30.058 -87.198
Offshore midshelf 
reef permit zone 1 353 940.0 0.20 0.0001 0.2085 0.15 30.083 -87.174
Offshore outer shelf 3 225 486.7 0.20 0.0001 0.831 0.053 29.983 -87.284
Offshore outer shelf 1 365 1790.0 0.30 0.0001 1.020 0.16 29.847 -87.304
Offshore outer shelf 1 468 1800.0 0.10 0.0180 1.148 0.12 30.067 -87.092
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Wahoo, Acanthocybium solandri 



Sample Locations  
 
 
Seven specimens were sampled from offshore of 
Pensacola in The Gulf of Mexico.  Two samples 
had mercury concentrations above the US EPA 
screening value, two samples exceeded the US 
EPA screening value for total PCBs, and had 
TEQ values based on PCB content that exceeded 
the screening value for TEQ. 
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Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg. 
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Green line: US EPA recreational consumption 
action limit at 20 μg/kg 
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Toxicity of PCBs (TEQP) in Wahoo from offshore 
Pensacola, FL.  Three samples were close to zero.  
The US EPA recreational consumption action limit is 
indicated by the green line at 0.256 ng/kg.  



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex 



% 
Lipids 



TEQP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Offshore outer shelf 1 883   M 0.10 0.0006 1.99   30.083 -87.167
Offshore outer shelf 1 1015 6770.0 F 0.02 0.1906 6.020 0.15 29.383 -87.717
Offshore outer shelf 1 1036 nt NT 0.90 0.0057 11.400 0.6 29.317 -88.238
Offshore outer shelf 1 1115 8520.0 F 0.05 0.0494 1.160 0.14 29.350 -88.183
Offshore outer shelf 1 1263 1237.0 F 0.06 0.0001 0.880 0.18 29.350 -88.183
Offshore outer shelf 1 1378 nt NT 0.40 0.5983 26.400 0.35 29.282 -88.204
Offshore outer shelf 1 1740 nt NT 1.00 1.8916 28.700 3.1 29.267 -88.188
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White Trout 
Cynoscion arenrius 



Sample Locations Low mercury content in sampled fish. 
 
Areas with High PCB content 
 
Upper Escambia Bay/I-10 bridge 
 
Eight samples were obtained from offshore, the 
Pensacola Bay three mile bridge and Escambia 
Bay.  All samples were below US EPA screening 
values for mercury content, and accumulation with 
size was not apparent.  Samples from the 
Escambia Bay I-10 bridge were the only ones that 
exceeded the screening value for total PCBs and 
TEQ 
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Red line: State of Florida action limit at 0.60 mg/kg.  
Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg 
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Red line: State of Florida action limit at 50 μg/kg.  
Green line: US EPA recreational consumption 
action limit at 20 μg/kg.  Blue symbols from I-10 
Bridge, Escambia Bay 
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Toxicity of Dioxins Furans (TEQDF) and PCBs 
(TEQP) in white trout from NW Florida waters.  All 
four high values were obtained for fish collected at 
the Escambia Bay I-10 Bridge.  The green line is the 
US EPA recreational consumption action limit at 
0.256 ng/kg.  State of Florida does not have an 
official action limit established for TEQ values. 



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 



% 
Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Offshore outer 
shelf 6 206 151.2 1.30 0.0000 0.0369 0.0369 2.358 0.063 30.044 -86.991
Escambia Bay 
NW  6 260 159.3 0.60 0.0463 0.0481 0.0944 22.472 0.180 30.533 -87.169
Escambia Bay 
NW  6 271 177.3 0.50 0.0399 0.0295 0.0694 15.820 0.260 30.533 -87.169
Escambia Bay I-
10 Bridge 4 296 237.5 0.30 0.1590 1.6121 1.7711 336.00 0.19 30.519 -87.143
Pensacola Bay, 
3-mile Bridge 6 309 284.9 1.00 0.0463 0.0263 0.0726 15.727 0.230 30.394 -87.185
Escambia Bay I-
10 Bridge 1 335 330.0 0.60 0.3196 3.2589 3.5785 192.00 0.14 30.519 -87.143
Escambia Bay I-
10 Bridge 1 350 440.0 0.30 0.0570 0.7504 0.8074 70.900 0.12 30.519 -87.143
Escambia Bay I-
10 Bridge 1 360 460.0 0.60 0.5696 3.2012 3.7708 105.00 0.17 30.519 -87.143
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Yellowfin Tuna 
Thunnus albacares 



 



Sample locations: offshore 
 
Six samples from individual fish were obtained from Offshore, and all were below screening values for 
mercury, total PCBs and TEQ 
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Green line: US EPA recreational consumption 
action limit at 0.40 mg/kg 
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Green line: US EPA recreational consumption 
action limit at 20 μg/kg. These fish were taken 
offshore. 
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 Toxicity of PCBs (TEQP) in yellow fin tuna from 
offshore Pensacola, FL.  All samples were close to 
zero.  The US EPA recreational consumption 
action limit is 0.256 ng/kg.  



 



 



Location n 



Mean 
Length 
(mm) 



% 
Lipids 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Offshore Ram Powell 1 355 0.30  0.0001  0.907 0.025 29.060 -88.091
Offshore Ram Powell 1 780 0.20 0.0000 0.0005 0.0005 0.714 0.072 29.060 -88.091
Offshore Ram Powell 1 827 0.20 0.0161 0.0006 0.0167 2.520 0.072 29.060 -88.091
Offshore Ram Powell 1 944 0.20 0.0061 0.0013 0.0074 3.130 0.1 29.060 -88.091
Offshore Ram Powell 1 1072 0.10 0.0005 0.0014 0.0019 3.440 0.081 29.060 -88.091
Offshore Ram Powell 1   0.20 0.0449 0.0028 0.0477 6.720   29.060 -88.091
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Miscellaneous Species 



Location Species n 



Mean 
L 



(mm) 



Mean 
Wgt 
(g) Sex 



% 
Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
μg/kg 



Hg 
mg/kg LAT LONG 



Offshore outer shelf 
Teneco Reef Calamus leucosteus  2 385 970.0   0.20   0.0526  2.183 0.25 29.998 -87.086 
Offshore outer shelf Caranx crysos 1 307 700.0   0.24   0.1323  7.9053 0.32 30.043 -87.007 
Offshore outer shelf Centropristis ocyura 13 102 35.7   0.30   0.0402  2.25 0.052 29.984 -87.084 
Offshore outer shelf Centropristis ocyura 18 108 42.6   0.00   0.0002  1.136 0.054 30.044 -86.991 
ex-Oriskany Etrumeus teres 18 139 22.0   2.00 0.1808 0.3643 0.5451 4.35 0.023 30.043 -87.007 



ex-Oriskany Etrumeus teres 
10
2 145     2.20   0.2221  8.61 0.017 30.043 -87.007 



Offshore midshelf Haemulon aurolineatum 11 210 139.5   0.20   0.0005  1.804 0.073 30.189 -87.218 
Offshore midshelf reef 
permit zone Haemulon aurolineatum 10 198 124.0   0.00   0.0008  2.028 0.047 30.082 -87.195 



Escambia River Ictalurus punctatus 1 510
1140.



0 F 1.80 0.5705 0.7067 1.2772 114.88   30.646 -87.262 
Escambia River Upper  Ictalurus punctatus 1   880.0 F 3.50 1.0479 0.7067 0.6757 17.984   30.646 -87.262 
Offshore outer shelf Lagodon rhomboides 15 140 75.1   0.60   0.0294  2.819 0.086 30.044 -86.991 
Offshore outer shelf Leiostomus xanthurus 15 153 91.4   0.60 0.0000 0.0192 0.0192 1.825 0.074 30.044 -86.991 
Pensacola Bay, Lower Leiostomus xanthurus 5 259 217.8   2.00 0.2480 0.0382 0.2862 21.215 0.071 30.355 -87.236 
Inshore Loligo sp. 2 157 99.3   1.20   0.1012  4.21 0.056 30.188 -87.278 
Offshore outer shelf Loligo sp. 4 120 58.9   0.30   0.0010  2.42 0.039 29.984 -87.084 
Offshore outer shelf Lutjanus griseus 1 252 420.0   0.60 0.0000 0.0016 0.0016 1.701 0.083 30.052 -87.306 
Offshore outer shelf Lutjanus griseus 1 270 510.0 M 0.50 0.0000 0.0755  2.228 0.13 29.983 -87.284 
Offshore midshelf reef 
permit zone Pagrus pagrus 1 317 435.0   0.40   0.1197  2.98 0.31 30.083 -87.174 
Offshore outer shelf Pagrus pagrus 3 205 248.8   0.10   0.0002  1.38 0.078 29.961 -87.110 
Offshore outer shelf Pagrus pagrus 5 319 384.7   0.50   0.0338  2 0.15 30.078 -87.087 
Offshore outer shelf Prionotus scitulus 6 189 153.6       0.0002  0.567   29.984 -87.084 
Offshore outer shelf Prionotus scitulus 6 231 153.6         0.6026   29.984 -87.084 
Offshore outer shelf Rachycentron canadum  1 875     0.25   0.1236  13.300 0.021     
Inshore Sand Dollars 20 30 1.1   0.30   0.0008  2.36 0.004 30.192 -87.278 
Offshore outer shelf Serranus phobe  9 123 54.2         1.090   30.048 -86.993 
Offshore outer shelf Sphaena barracuda 1 847 5030 F 0.11   0.1391  8.230 0.48 29.383 -87.917 
Offshore outer shelf Syacium papillosum 1 215 170.0   0.01   0.0624  4.550 0.023 30.043 -87.007 
Offshore outer shelf Synodus foetens 6 208 92.2   0.50     1.89 0.029 30.044 -86.991 
Offshore outer shelf Synodus foetens 1 374 640.0   0.80   0.0004  1.86 0.37 29.961 -87.110 
Offshore outer shelf Trachinocephalus myops 1 195 137.0   0.20   0.0192  1.9   30.048 -86.993 
Offshore outer shelf Trachurus lathami  41 98 10.9   0.10   0.0590  2.164 0.01 29.961 -87.110 



 













 



 



 
 
 
 
 
Chemical contaminants in fish from the Pensacola Bay System and offshore 
Northern Gulf of Mexico. 
 
 
 
 
 
 
 
Richard A. Snyder, Ph.D. 
Professor and Director 
Center for Environmental Diagnostics and Bioremediation (CEDB) 
University of West Florida 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A version of this document, as well as reports on other components of the PERCH project, are 
available as .pdf files and a series of web pages:  http://uwf.edu/cedb 
 
 
 











 



 ii



This report contains data on contaminant loads found in fish tissues during the PERCH project 
(2002-2009; UWF) and pre-sinking screening for PCBs for the ex-Oriskany Reef 
(http://www.uwf.edu/cedb/Oriskany.cfm.  The purpose of this document is to provide a 
information to people who eat fish so that they can make decisions that affect their exposure to 
toxic materials.   
 
Within the State of Florida, fish consumption advisories exist for methyl mercury in several 
marine species within the Gulf of Mexico, and for freshwater species found in various rivers and 
estuarine systems (Adams and McMichael, 2001). Within the Pensacola Bay System, mercury 
advisories have been established for the major rivers (Escambia, Blackwater, Yellow).  
Consumption advisories based on mercury concentrations also exist for marine species such as 
the Spanish and king mackerels, which seasonally enter the Pensacola Bay System. 
 
With a known history of PCB contamination in Escambia Bay, and elevated mercury levels in 
some fishes, our primary focus was on Polychlorinated Dioxins/Furans (DF), Polychlorinated 
biphenyls (PCBs), and mercury (Hg) in harvested seafood of the NW Florida region.  Other 
compounds were found to be of minor significance.  Results from CDC-supported PERCH 
project studies on contaminants in oysters and crabs in the Pensacola Bay System have 
previously been reported and can be found here: 
http://www.uwf.edu/rsnyder/reports/reports.html. 
 
All analyses used a zero value for non-detected molecules instead of one half the detection limit.   
 
 
Dioxins/Furans and PCBs. 
 
Polychlorinated dibenzo-p-dioxins, with potentially 75 different chlorinated molecular 
configurations (congeners), and polychorinated dibenzofurans, with potentially 135 congeners, 
are by-products of natural and anthropogenic combustion and chemical manufacturing activities. 
These compounds are often collectively referred to as “Dioxins” or Dioxin/Furans” (DF). 
 



 
 
 
Polychlorinated biphenyls (PCBs) with 209 possible congeners, were manufactured from 1929 to 
1977 as industrial fluids and plasticizers.  These compounds are refractory to degradation in the 
environment, tend to be hydrophobic and strongly partition into lipids.  The tendency to absorb 
into lipids and fats has been used in modeling biological and environmental behavior of these 
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molecules as partitioning coefficients in octanol-water phases (KOW; 
http://environ.nosc.mil/Projects/REEFEX/index.html). PCB contamination derives from 
industrial use, spillage, and disposal of these synthetic compounds, mostly in freshwaters and 
estuaries, though some marine disposal has been suspected.  PCBs are also known to deposited 
from the atmosphere, but this flux is relatively minor compared to past direct discharges to 
aquatic systems.   
 



 
 
 
Toxic Equivalency Quotients for Dioxin-Furan (DF) and Co-planar Polychlorinated 
Biphenyl (PCB) congeners. 
 
Congener: On of a number of molecular configurations of Chlorines on DF or PCB molecules.  
XXX possible congeners for DFs, 209 possible congeners for PCBs. 
 
Co-planar: Phenol is a flat ring structure molecule.  When two phenols are linked (Biphenyl), 
they can either both be flat in the same plane (co-planar) or 90º relative to each other. The co-
planar PCBs tend to have higher toxicity, and are considered “Dioxin-like” in their effects. 
 
Toxicity equivalency Factor (TEF): each congener of DF or PCB potentially has different 
toxicity based on its configuration.  The most toxic is given a value of 1.  Other less toxic 
congeners are given a proportionally less toxic factor.  The currently used values were adjusted 
in 2005: http://www.who.int/ipcs/assessment/tef_values.pdf. 
 
Toxic Equivalency Quotient (TEQ): Any given sample will be a mixture of the various 
congeners at various concentrations.  The concentration of selected DF and PCB congeners are 
multiplied by each respective TEF value, and all TEF adjusted concentrations are added to get 
the total toxicity for a sample, or the TEQ.  A TEQ can be the sum of DF congener values 
(TEQDF), the TEQ of the PCB values (TEQP), or the sume of DF and PCB values (TEQDFP).  The 
US EPA TEQDFP screening value for recreational fisher fish consumption is 0.26 ng/kg tissue. 
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Screening/threshold values for human health 
 
Florida Department of Health 
http://www.doh.state.fl.us/environment/medicine/fishconsumptionadvisories/index.html 
Recommended Fish Consumption Rate vs methyl-mercury Concentration in Fish, as used for 
Florida Fish Consumption Advisories 



Meal Frequency Uncooked 
Filet Size 



Advice 
Location 



Sensitive 
population1



ppm 



General 
Population2 



ppm 
2 meals per week  8 oz Freshwater <0.10 <0.37 
1 meal per week  8 oz Freshwater <0.20 <0.60 
1 meal per month  8 oz Freshwater <0.85 <1.50 
None   Freshwater ≥0.85 ≥1.50 
    
1 meal per week  12 oz Commercial <0.122  
1 meal per week  4 oz Commercial <0.37  
None   Commercial ≥0.37  



1Sensitive population= women of childbearing age and young children.  Based on USEPA's 
reference dose (RfD) for methyl mercury, 1x10-4 mg/kg-body weight/day.  Assumed body 
weight of 60 kg. 
 
2General population = all other individuals.  Based on USEPA's RfD for methyl mercury , 3x10-4 
mg/kg-bodyweight/day. Assumed body weight of 70 kg. 
 
Total PCB threshold value: 50 ppb 
TEQ threshold value has not been designated 
 
 
Federal 
US EPA. 2000. Guidance for Assessing Chemical Contamination Data for Use in Fish 



Advisories.  Volume 1.  Fish Sampling and Analysis. 3rd ed.  EPA 823-B-00-007. 
Compound US FDA 



action/tolerance  
level 



US EPA 
Recreational Fishers 
Screening value 



US EPA 
Subsistence Fishers 
Screening value 



Mercury (Hg) 1.0 ppm 0.40 ppm 0.049 ppm 
Total PCBs 2000 ppb 20 ppb 2.45 ppb 
TEQDFP  0.256 ppt 0.14 ppt 



 
Use of a human body weight of 70 kg (average adult) and a consumption rate of 17.5 g/d for recreational 
fishers and 142.4 g/d for subsistence fishers to calculate SVs . 
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Greater 
Amberjack 



Seriola dumerilli 



Sample locations:  offshore 
 



A total of 9 fish (7 Greater, 2 Lesser) were collected over offshore reefs.  Mercury concentrations show 
a tendency to accumulate with size, but only one specimen out of nine (the larger of the two lesser 
amberjack) exceeded the US EPA screening value.  Three fish out of nine were at or exceeded the US 
EPA screening value for PCBs 
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limit at 0.40 mg/kg 
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Green line: US EPA recreational consumption action 
limit at 20 μg/kg. These fish were taken offshore.
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ at 0.256 ng/kg is 
indicated by the green line.  
 
 



 



 



Location Species n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 



% 
Lipid 



TEQP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Offshore outer 
shelf Seriola dumerilli 1 475 2030.0 0.40 0.2202 9.7520 0.24 29.847 -87.304
Offshore outer 
shelf Seriola dumerilli 1 616 3420.0 0.07 0.0734 3.550 0.11     
Offshore outer 
shelf Seriola dumerilli 1 735 5380.0 0.06 0.0622 4.500 0.2     
Offshore outer 
shelf Seriola dumerilli  1 729 6320.0 0.40 0.2093 19.900 0.19 29.300 -87.017
Offshore outer 
shelf Seriola dumerilli  1 775 6450.0 0.10 0.1071 6.860 0.2 29.383 -87.917
Offshore outer 
shelf Seriola dumerilli  1 820 9330.0 0.50 0.1234 9.59 0.45 29.847 -87.304
Offshore outer 
shelf Seriola dumerilli  1 850 8150.0 0.13 0.2625 25.200 0.35 29.383 -87.917
Offshore outer 
shelf Seriola rivoliana 1 480 2470.0 0.41 0.5934 38.800 0.1 30.043 -87.007
Offshore outer 
shelf Seriola rivoliana 1 483 1970.0 0.00 0.0621 3.450 0.02 29.300 -88.017
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Largemouth Bass 
Micropterous salmoides 



Sample Locations 
Mercury content  
Generally high throughout the area, limited 
consumption advisory.  
No-consumption advisory for  
Woodbine Springs Lake  



 
Areas with High PCB content 
 Lower Escambia River 
 
Areas with low PCB content 
 All other freshwaters sampled 



 



 
A total of 163 fish from 20 locations were included in 55 samples. Single fish comprised nine samples, and the 
remaining 46 were composite samples of 3 or more fish.  Mercury content was generally high throughout the 
area, and a State of Florida limited consumption advisory exists for most of the waterways sampled.  A State of 
Florida no consumption advisory based on mercury content exists for Woodbine Lake.  Samples from the lake 
had the highest mercury concentrations of any bass sampled.  
 
PCB and Dioxins/Furans content was low in all samples, except for the PCB loads in fish collected from the 
lower Escambia River, where PCB content in bass triggered a limited consumption advisory from the State of 
Florida. 
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Green line: US EPA recreational consumption action 
limit.  Red line: State of Florida threshold for limited 
consumption.  Purple line: State of Florida threshold for 
no consumption advisory. 
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Bass tables 12:57:54 PM 8/11/09TEQDF ng/Kg ND=0 TEQp ng/Kg ND=0
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9 7 10 10
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11 9 11 10 10 10



 
Toxicity of Dioxins Furans (TEQDF) and PCBs (TEQP) in 
Largemouth Bass from NW Florida Rivers.  High values 
were obtained for fish collected in the Escambia river. 
The green line is the US EPA recreational consumption 
action limit at 0.26 ng/kg.  State of Florida does not have 
an official action limit established for TEQ values. 
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Bass tables 1:06:50 PM 8/11/09TEQDF ng/Kg ND=0 TEQp ng/Kg ND=0
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Toxicity of Dioxin Furans (TEQDF) and PCBs 
(TEQP) in Largemouth Bass from NW Florida 
Ponds.  The only high value recorded was for a 
composite of specimens from a borrow pit that 
received dredge spoil from Bayou Chico. The green 
line is the US EPA recreational consumption action 
limit at 0.256 ng/kg.  State of Florida does not have 
an official action limit established for TEQ values. 
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Location n 



Mean 
Length 
(mm) 



Mean 
Wt (g) Sex 



Mean 
Age 



% 
Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



11 Mile Creek 3 260 224.0   2.1 0.10 0.1045 0.3546 0.4591 4.710 0.3600 30.456 -87.377
11 Mile Creek 3 321 1836.3 F 3.6 0.10 0.0727 0.1175 0.1902 4.890 0.4200 30.456 -87.377
11 Mile Creek 3 335 518.0 M 2.6 0.30 0.0161 0.0011 0.0172 2.620 0.3200 30.456 -87.377
11 Mile Creek 1 439 1070.0 F         3.115 0.3667 30.456 -87.377
Bayou Chico Pond 3 366 573.8   3.3 0.20 0.0170 0.8609 0.8779 10.324 0.0400 30.402 -87.273
Bear Lake 1 3 362 703.1   3.7 0.40 0.0678 0.0000 0.0678 0.774 0.4100 30.863 -86.835
Bear Lake 2 3 330 481.7   2.0 0.50 0.0671 0.0000 0.0671 0.550 0.3400 30.863 -86.835
Bear Lake 3 3 338 555.1   2.7 0.60 0.0127 0.0000 0.0127 0.665 0.3400 30.863 -86.835
Blackwater River Lower  4 329 512.3     0.20 0.0062 0.0569 0.0631 2.670 0.5800 30.603 -87.030
Blackwater River Lower  3 352 655.3     0.20 0.0000 0.0678 0.0678 2.120 0.5500 30.603 -87.030
Blackwater River Lower  4 367 644.5 M   0.10 0.0474 0.2510 0.2984 8.270 0.5800 30.603 -87.030
Blackwater Upper  4 304 349.0     0.50 0.0598 0.0575 0.1173 0.841 0.7600 30.711 -86.858
Blackwater Upper  3 371 655.7     0.20 0.0422 0.0001 0.0423 0.872 1.0200 30.711 -86.858
Cedar Lakes 3 348 553.3   3.7 0.20 0.0171 0.0002 0.0173 2.058 0.8400 30.591 -86.979
Escambia River Quintette Bridge 4 244 431.8     0.80 0.1010 0.0005 0.1015 1.580 0.6000 30.646 -87.262
Escambia River Quintette Bridge 4 341 684.0     1.00 0.3550 0.8059 1.1609 1.640 0.5300 30.646 -87.262
Escambia River Quintette Bridge 1 396 990.0 F         0.807 0.5643 30.646 -87.262
Escambia River Quintette Bridge 1 407 1067.0 F     0.3495 0.0003 0.3498 1.410  30.646 -87.262
Escambia River Lower  4 320 400.8 M   0.10 0.1830 0.4273 0.6103 23.400 0.4700 30.554 -87.202
Escambia River Lower  3 322 487.7 M 4.3 0.30 0.0260 2.5088 2.5348 61.000 0.4500 30.554 -87.202
Escambia River Lower  4 326 441.3   2.0 0.10 0.1236 1.6401 1.7637 45.400 0.4600 30.554 -87.202
Escambia River Lower  3 337 516.7 M         52.697 0.4601 30.554 -87.202
Fairfield Pond 3 332 450.0   4.0 0.30 0.0090 0.0026 0.0116 4.320 0.6600 30.404 -87.319
Fairfield Pond 3 362 601.5   3.0 0.10 0.0130    3.776 0.5700 30.404 -87.319
Fairfield Pond 1 532 1970.0   6.0 0.20 0.0479    8.281 1.3000 30.404 -87.319
Hurricane Lake 1 340 376.9   4.0 0.20 0.0049 0.0001 0.0050 0.879 0.4200 30.201 -87.117
Lake Kristina 3 307 356.7   2.3 0.20 0.0100 0.0001 0.0101 0.161 0.4300 30.703 -86.978
Lake Stone 1 4 345 554.9   3.3 0.00 0.0064 0.0000 0.0064 0.728 0.5100 30.962 -87.284
Lake Stone 2 4 331 488.3   3.3 0.00 0.0063 0.0000 0.0063 0.666 0.5100 30.962 -87.284
Lake Stone 3 4 336 468.5   4.0 0.00 0.0085 0.0000 0.0085 0.537 0.5800 30.962 -87.284
Langley-Bell 4H 3 296 272.3   3.7 1.90 0.0240 0.0002 0.0242 1.060 0.9600 30.539 -87.352
Langley-Bell 4H 1 430 780.0   5.0 0.10 0.0076 0.0002 0.0078 1.070 1.1000 30.539 -87.352
Perdido River Lower 4 330 498.8     0.20 0.0995 0.0969 0.1964 2.170 0.6500 30.530 -87.447
Perdido River Lower 4 334 476.8     0.10 0.0709 0.1232 0.1941 4.240 0.4500 30.460 -87.412
Perdido River Lower 3 374 662.7 M   0.20 0.0843 0.0004 0.0847 1.280 0.8100 30.530 -87.447
Perdido River Lower 3 388 791.3     0.20 0.0970 0.1251 0.2221 3.340 0.6000 30.460 -87.412
Perdido River Lower 3 421 1079.3     0.10 0.0866 0.0053 0.0919 2.870 0.8600 30.530 -87.447
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Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex 
Mean 
Age 



% 
Lipids



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Perdido River Lower 3 454 1311.7 F   0.20 0.2270 0.1687 0.3957 4.320 0.6300 30.460 -87.412
Perdido River Lower 1 485 1665.0 F         2.912 0.5605 30.460 -87.412
Shoal River 4 305 373.3 M   0.50 0.1030 0.0078 0.1108 3.360 0.4700 30.696 -86.571
Shoal River 3 355 714.7 M   0.40 0.0000 0.0002 0.0002 1.510 0.7700 30.696 -86.571
Shoal River 3 413 1095.7 F   0.70 0.1140 0.0005 0.1145 1.250 0.6400 30.696 -86.571
Tiger Pt Golf Course 3 332 408.2   3.0 0.20 0.0200 0.0025 0.0225 4.194  30.385 -87.081
Tiger Pt WWTP effluent pond 3 305 361.3   1.0 0.20  0.1522  3.697 0.5800 30.378 -87.056
Tiger Pt WWTP effluent pond 1 398 750.0   3.0 0.20 0.0190 0.1524 0.1714 11.200 0.0900 30.378 -87.056
Tiger Pt WWTP effluent pond 1 510 1068.0   8.0 0.10 0.0097 0.0029 0.0126 6.080 0.1300 30.378 -87.056
Woodbine Springs 1 4 301 323.9   1.0 0.20 0.0070 0.0250 0.0320 1.764 1.6000 30.621 -87.190
Woodbine Springs 2 3 321 435.7   2.0 0.20 0.0000 0.0004 0.0004 1.241 2.5000 30.621 -87.190
Woodbine Springs 3 3 345 463.3   2.3 0.30 0.0083 0.0012 0.0095 2.006 2.3000 30.621 -87.190
Yellow River Lower  4 309 378.0     0.20 0.0500 0.0003 0.0503 1.670 0.6803 30.553 -86.984
Yellow River Lower  3 341 560.0     0.20 0.1730 0.0144 0.1874 7.330 0.8100 30.553 -86.984
Yellow River Lower  3 373 822.3 F   0.10 0.0140 0.0467 0.0607 1.090 0.7000 30.553 -86.984
Yellow River Upper  3 361 779.3     1.20 0.1215 0.0047 0.1262 2.540 0.7400 30.675 -86.747
Yellow River Upper  3 424 1225.7 F   2.80 0.2850 0.0004 0.2854 0.971 0.7400 30.675 -86.747
Yellow River, Upper  4 346 643.3 F 54.0 0.56 0.0515 0.0543 0.1058 1.980 0.6500 30.675 -86.747
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Blackfin Tuna 
Thunnus atlanticus 



Sample locations: offshore 
 
Five fish were sampled offshore. This limited sampling suggested bioaccumulation of both mercury and PCBs 
with size, with two of the larger fish exceeding the US EPA screening value for mercury content, although 
none of the fish (up to 62 cm) exceeded the PCB or TEQ thresholds. 
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Green line: US EPA recreational consumption 
action limit at 20 μg/kg. These fish were taken 
offshore. 
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ is 0.256 ng/kg. 



 



 



Location n 



Mean 
Length 
(mm) 



% 
Lipids 



TEQDF 
ng/Kg 
ND=0 



TEQP 
ng/Kg 
ND=0 



TEQDFP 
ng/Kg 
ND=0 



ΣPCBs 
ug/Kg 



Hg 
mg/Kg LAT LONG 



Offshore Ram Powell 
Rig 1 555 0.30  0.0010  2.140 0.130 29.0608 -88.0917
Offshore Ram Powell 
Rig 1 588 0.20 0.0425 0.0035 0.0460 6.510 0.096 29.0608 -88.0917
Offshore Ram Powell 
Rig 1 615 0.10  0.0013  2.930 0.230 29.0608 -88.0917
Offshore Ram Powell 
Rig 1 617 0.30 0.0621 0.0071 0.0692 14.800 0.400 29.0608 -88.0917
Offshore Ram Powell 
Rig 1 620 0.40 0.0076 0.0011 0.0087 2.430 0.500 29.0608 -88.0917
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Bluefish 
Pomatomus saltatrix 



Sample Locations: Pensacola Bay, Pensacola Pass, Santa Rosa Island Surf 
 
Samples from 9 fish ranging in size from 34 to 49 cm were collected from Pensacola Bay, Pensacola 
Pass, and along Santa Rosa Island in the Gulf of Mexico.  All fish were at or exceeded the US EPA 
screening value for mercury, and five out of nine exceeded the State of Florida threshold for limited 
consumption.  Two of the larger fish exceeded the US EPA threshold for total PCB content, and one 
fish exceeded the State of Florida threshold for PCBs.  Six out of nine fish exceeded the US EPA 
threshold for toxicity (TEQ) of Dioxins/Furans and PCBs. 
 
Mercury Content 
 
Mercury content was high in sampled fish. 
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Red line: State of Florida action limit at 0.60 
mg/kg.  Green line: US EPA recreational 
consumption action limit at 0.40 mg/kg 
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Red line: State of Florida action limit at 50 
μg/kg.  Green line: US EPA recreational 
consumption action limit at 20 μg/kg 
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 Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ at 0.256 ng/kg is 
indicated by the green line.  
 
 



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 
% 



Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg 



Pensacola Bay 1 339 360.0 1.20 0.4404 0.0204 0.4608 13.80 0.47
Pensacola Bay 1 355 420.0 1.00 0.1649 0.0067 0.1716 4.93 0.46
Pensacola Bay 1 375 470.0 0.40 0.1431 0.0048 0.1479 3.10 0.7
Pensacola Bay 1 381 480.0 0.60 0.2500 0.0701 0.3201 8.29 0.59
Pensacola Bay 1 392 560.0  0.0524 0.0547 0.1071 4.280 0.67
Pensacola Bay 1 392 540.0 0.70 0.3351 0.0124 0.3475 8.96 0.84
Pensacola Bay 1 470 980.0 0.90 0.2740 0.9300 1.2040 24.20 0.76
Pensacola Bay 1 490 1080.0 1.40 1.6748 3.0968 4.7716 138.00 0.39
Pensacola Bay 
Fort Pickens 1 452 940.0 0.40 0.0646 0.8071 0.8717 8.940   
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Bonita 
Euthynnus alleteratus 



 



Sample locations: offshore 
 
Two specimens were collected offshore, neither exceeded screening values for mercury, PCBs or TEQ. 
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Green line: US EPA recreational consumption action limit 
at 0.40 mg/kg 
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Green line: US EPA recreational consumption 
action limit at 20 μg/kg. 



 
 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex 
% 



Lipids 



TEQP 
ng/Kg 
ND=0 



ΣPCBs 
ug/Kg 



Hg 
mg/Kg LAT LONG 



Pensacola Bay Pass 1 570 2050 F 1.50 0.1324 8.351 0.1 30.3261 -87.3077
Pensacola Bay Pass 1 622 2440 M 0.70 0.1151 5.108 0.21 30.3261 -87.3077
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Atlantic Croaker 
Micropogenias undulatus 



Sample locations 
Mercury Content 
Low Mercury content throughout the area.  
 
Areas with High PCB content 
 
 Upper Escambia Bay 
 Bayous Texar, Chico, Grande 



 
Areas with low PCB content 
 East Bay 
 Bayous Hoffman,Woodlawn 
 Bayous Texar, Grande 
 Offshore 



 
Nine samples containing 50 fish (2 to 13 per composite) had very low concentrations of mercury.  PCB 
content, however, exceed the US EPA threshold in six of nine samples, with three of those collected in the 
urban bayous (Texar, Chico, Grande) and three during the Escambia Bay I-10 Bridge demolition blast.  The 
Escambia Bay samples were three to six times higher than the samples from the bayous.  Samples from East 
Bay, Hoffman/Woodland Bayou, and offshore had lower concentrations of total PCBs.  All samples except 
from offshore exceeded the US EPA screening value for TEQ (Dioxins/Furans and PCBs). 
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Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 
% 



Lipids



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Bayou Chico 4 246 183.5 1.80  1.3774  45.800 0.026 30.404 -87.255
Bayou Grande 5 275 214.6 2.90 0.5255 1.7625 2.2880 75.940 0.040 30.372 -87.297
Bayou Texar 5 278 261.9 2.80 0.6950 0.1010 0.7960 44.999 0.052 30.439 -87.188
East Bay 7 214 123.7 1.20 0.3535 0.0304 0.3839 16.098 0.059 30.450 -86.980
Escambia Bay I-
10 Bridge 6 202 99.8 2.40 0.3365 2.6980 3.0345 303.000 0.017 30.519 -87.143
Escambia Bay I-
10 Bridge 2 223 130.0 1.50 0.1829 2.2893 2.4722 174.000 0.023 30.519 -87.143
Escambia Bay I-
10 Bridge 2 265 245.0 3.40 0.5007 4.7609 5.2616 274.000 0.039 30.519 -87.143
Hoffman 
Woodland Bayou 6 217 121.8 2.30  1.3806  14.341 0.038 30.365 -87.179
Offshore outer 
shelf 13 202 98.2 1.00 0.0000 0.0145 0.0145 2.205 0.059 30.044 -86.991
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Dolphin (Mahi) 
Coryphaena 



hippurus 



Sample locations: offshore 
 
Two fish were sampled from offshore collections, 340 and 1080 cm.  Both fish had low mercury content.  
However the larger fish had 3 times the US EPA total PCB threshold, and also had an elevated TEQ value 
three times the US EPA screening value for recreational fisher consumption. 
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Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg. 
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Green line: US EPA recreational consumption action 
limit at 20 μg/kg. 
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action limit for TEQ at 0.256 ng/kg is indicated by the 
green line 



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex 
% 



Lipids



TEQP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg Hg mg/kg LAT LONG 



Offshore outer shelf 1 337 510.0 F 0.01 0.0787 3.190 0.0046 30.204 -87.067
Offshore outer shelf 1 1082 nt NT 1.80 0.7999 60.900 0.081 29.316 -88.237
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Flounder 
Paralichthys spp 



Sample Locations 



Fish were collected at various locations within the bay 
system.  While there appeared a tendency for elevated 
mercury and PCBs with size, no fish exceeded US EPA 
thresholds for these compounds.  One sample from the 
lower Escambia river did have an elevated TEQ value 
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Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg 
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Red line: State of Florida action limit 50 μg/kg.  Green  
line: US EPA recreational consumption limit 20 μg/kg. 
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ at 0.256 ng/kg is 
indicated by the green line.  
 



 



 
 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 



% 
Lipids 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Pensacola Bay, 
Lower 3 368 550.0 0.10 10.039 0.0014 10.041 0.711 0.150 30.355 -87.236
Blackwater Bay 3 384 596.7 0.10 0.0004 0.0009 0.0013 0.823 0.140 30.536 -87.020
Blackwater River 
Lower  4 385 607.5 0.30  0.7334  4.224 0.150 30.536 -87.020
East Bay 3 387 616.7 0.20 0.0000 0.0021 0.0021 1.420 0.180 30.450 -86.980
Garcon Point 3 386 613.3 0.30 0.0000 0.0030 0.0030 1.740 0.160 30.465 -87.151
Escambia Bay 
NE  3 369 684.6 0.30 0.1053 0.0201 0.1254 8.511 0.150 30.569 -87.165
Pensacola Bay, 
Lower 3 460 1160.0 0.40 0.1130 0.0316 0.1446 16.065 0.200 30.355 -87.236
Perdido Bay 
Upper  3 390 650.0 0.20 0.0350 0.0033 0.0383 1.718 0.210 30.422 -87.387
Santa Rosa 
Sound 3 377 682.5 0.40 0.0370 0.0493 0.0863 2.598 0.180 30.356 -87.100
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Striped Mullet 
Mugil cephalus 



Sample Locations Areas with High PCB content 
 Lower Escambia River 
 Escambia River Delta 
 Upper and West Escambia Bay 
 Bayou Chico 
 
Samples of skin-on fillets had twice the PCB load of 
skinless fillets. 
 
Areas with low PCB content 
 Indian/Trout Bayous, East Escambia Bay 
 East Bay, Blackwater Bay 
 Pensacola Bay 



Santa Rosa Sound 
 Bayous Hoffman,Woodlawn 
 Bayous Texar, Grande 
 Perdido Bay, Perdido River 
 



 
Eighteen locations were targeted over the region providing 56 samples containing 170 fish.  All samples 
were composites of 2 to 4 fish with at least three composites per location in nearly all cases, except four fish 
from the I-10 demolition blast on the Escambia Bay Bridge that were analyzed individually.   
 
Mercury content was very low in all mullet tested. 
 
Mullet contained the highest PCB and Dioxins/Furans concentrations of any fish sampled during this study, 
especially those fish collected from known PCB contaminated areas. Thirty of 56 samples exceeded the US 
EPA screening value for total PCBs, and 45 out of 56 samples exceeded the US EPA combined PCB and 
Dioxins/Furans TEQ screening value.  Thirty-two samples exceeded the TEQ value for Dioxins/Furans 
alone, and 29 samples exceeded the TEQ threshold for PCBs alone. 
 
Samples of skin-on fillets had twice the PCB load of skinless fillets, but the toxicity (TEQ) was higher for 
the skinless fillet. 
 
Locations with samples below the US EPA recreational consumption screening value for total PCBs and the 
combined PCB and Dioxins/Furans TEQ screening value were:  
Yellow River, 2 of 3 samples 
Bayou Texar, 1 of 3 samples 
East Bay, 3 of 3 samples 
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Red line: State of Florida action limit at 0.6 mg/kg.  
Green line: US EPA recreational consumption 
action limit at 0.4 mg/kg 
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State of Florida limit 50 μg/kg (red line). US EPA 
recreational limit 20 μg/kg (green line).  Note log scale 
on y-axis.  Blue symbols I-10 Bridge, Esc. Bay 
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Toxicity of Dioxins Furans (TEQDF) and PCBs 
(TEQP) in Mullet within Escambia Bay except for I-
10 bridge collections.  The green line is the US EPA 
recreational consumption action limit at 0.256 
ng/kg.  State of Florida does not have an official 
action limit established for TEQ values.   
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TEQDF and TEQP in Mullet in NW Florida waters 
except Escambia Bay.  The green line is the US EPA 
recreational consumption action limit at 0.256 ng/kg.  
State of Florida does not have an official action limit 
established for TEQ values.. 











 



 21



0



10



20



30



40



50



60



70



450 470 424 408



TEQDF ng/Kg ND=0 TEQp ng/Kg ND=0



TE
Q



 n
g/



K
g



Mean Length (mm)
 



TEQDF and TEQP in Mullet from the I-10 bridge in 
Esc. Bay. US EPA recreational consumption limit 
0.256 ng/kg (green line).  State of Florida does not 
have an official action limit established for TEQ 
values.  
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Location n



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex
Mean 
Age 



% 
Lipids



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



11 Mile Creek 4 314 351.8   2.1 2.10 0.3270 0.2712 0.5982 21.188  30.456 -87.377 
11 Mile Creek 4 329 415.3   2.5 2.10 0.3490 0.2913 0.6403 12.400 0.018 30.456 -87.377 
11 Mile Creek 4 382 623.3   3.0 1.50 0.1480 0.1717 0.3197 14.027 0.018 30.456 -87.377 
Bayou Chico 4 312 311.5   1.5  0.3420 0.5009 0.8429 21.269  30.404 -87.255 
Bayou Chico 4 314 332.5   1.7 0.40 1.2398 0.9612 2.2010 29.392 0.008 30.404 -87.255 
Bayou Chico 4 326 328.8   2.4 1.10 0.6560 1.1278 1.7838 40.800  30.404 -87.255 
Bayou Grande 4 314 370.8   2.2 0.30 0.5299 0.3020 0.8319 14.500 0.0083 30.372 -87.297 
Bayou Grande 3 344 323.3   2.3 0.90 0.3600 0.5792 0.9392 22.103 0.008 30.372 -87.297 
Bayou Grande 3 358 431.0   2.5 0.50 0.1230 0.5139 0.6369 20.351  30.372 -87.297 
Bayou Texar 3 373 496.0   1.8 1.00 0.0110 0.0219 0.0329 9.859  30.439 -87.188 
Bayou Texar 3 385 563.7   2.0 0.50 0.0840 0.2389 0.3229 14.113 0.010 30.439 -87.188 
Bayou Texar 3 390 493.3   1.7 1.30 1.1360 0.3630 1.4990 21.500 0.0096 30.439 -87.188 
East Bay 4 419 617.5   3.1 1.10 0.0000 0.2119 0.2119 5.800 0.026 30.450 -86.980 
East Bay 3 422 633.3   3.2 2.80 0.0350 0.0564 0.0914 13.100  30.450 -86.980 
East Bay 3 434 693.3   3.5 0.60 0.0980 0.0203 0.1183 7.759 0.026 30.450 -86.980 
Esc. Bay I-10 Bridge 1 408 750.0 F   4.40 1.0701 19.6102 20.6803 678.000 0.0095 30.519 -87.143 
Esc. Bay I-10 Bridge 1 424 750.0 F   2.20 0.5219 39.5867 40.1086 1003.255 0.011 30.519 -87.143 
Esc. Bay I-10 Bridge 1 450 930.0 F   3.90 0.4382 12.1610 12.5992 284.000 0.013 30.519 -87.143 
Esc. Bay I-10 Bridge 1 470 1010.0 F   3.30 0.4668 68.5075 68.9743 1580.000 0.0099 30.519 -87.143 
Escambia Bay NE  4 387 607.5   2.6 1.10 0.3030 0.0834 0.3864 36.724  30.569 -87.165 
Escambia Bay NE  4 388 562.5   2.7 1.70 0.1640 0.7789 0.9429 24.600 0.018 30.569 -87.165 
Escambia Bay NE  3 424 716.7   4.0 2.10 0.0670 0.0662 0.1332 33.600  30.569 -87.165 
Escambia River Lower 3 381 602.3 F 2.4 2.00 0.3750 0.0577 0.4327 24.852  30.533 -87.169 
Escambia River Lower 3 388 675.0 F 2.7 2.20 0.0480 0.5199 0.5679 48.605 0.017 30.533 -87.169 
Escambia River Lower 3 402 763.3 F 4.0 1.90 0.4420 0.9390 1.3810 84.000 0.017 30.533 -87.169 
Escambia Bay SE 2 392 564.0     0.60 0.3630 0.2393 0.6023 8.570 0.014 30.465 -87.151 
Escambia Bay SE 2 401 563.5     0.70 0.0463 0.2750 0.3213 9.140 0.021 30.465 -87.151 
Escambia Bay SW  3 387 556.7   2.9 1.90 0.4930 0.0787 0.5717 38.699  30.494 -87.113 
Escambia Bay SW  3 395 566.7   3.3 1.30 0.0310 0.4469 0.4779 21.200  30.494 -87.113 
Escambia Bay SW  3 417 633.3   3.0 1.40 0.1490 0.3064 0.4554 20.100 0.024 30.494 -87.113 
Esc. River Crist Plant 3 316 288.1   1.3 1.10 0.0910 0.3508 0.4418 39.000  30.554 -87.212 
Esc. River Crist Plant 3 350 374.6 F 1.3 1.00 0.2160 0.7479 0.9639 57.700  30.554 -87.212 
Esc. River Crist Plant 3 385 516.7 M 2.0 1.20 1.0959 1.2081 2.3040 85.100  30.554 -87.212 
Esc. River Crist Plant 3 457 776.7 F 3.3 1.70 0.5802 0.8412 1.4214 56.700  30.554 -87.212 
Escambia River Mid (above Mansanto) 3 450 1160.0 F 5.0 6.50 0.5750 0.3556 0.9306 22.480     
Escambia River Quintette Bridge 4 346 427.5 F 1.0 1.00 0.3990 0.1675 0.5665 18.600  30.670 -87.267 
Escambia River Quintette Bridge 3 390 620.0   1.0 2.80 1.6293 0.5613 2.1906 33.300  30.670 -87.267 
Escambia River Quintette Bridge 3 430 760.0 F 1.3 3.60 1.4059 0.0410 1.4469 32.100  30.670 -87.267 
Escambia River Quintette Bridge 3 455 856.7   3.7 1.10 0.9838 0.2267 1.2105 20.400  30.670 -87.267 



 











 



 23



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex 
Mean 
Age 



% 
Lipids 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Escambia River Rt 4 Bridge 2 199 186.5 F 2.0 0.90 0.5365 0.0253 0.5618 4.390 0.008 30.967 87.234 
Escambia River Rt 4 Bridge 3 295 660.0 F 2.7 3.20 0.1655 0.4048 0.5703 42.600 0.017 30.967 87.234 
Escambia River Rt 4 Bridge 3 353 946.7 F 3.8 4.70 0.7760 0.2420 1.0180 29.800 0.021 30.967 87.234 
Perdido River 3 310 321.7   1.5 1.70 0.3060 0.1674 0.4734 8.050 0.021 30.460 -87.412 
Perdido River 3 318 320.3   2.2 2.80 0.3800 0.1999 0.5799 8.087  30.460 -87.412 
Perdido River 3 322 311.0   2.0 1.50 0.1450 0.0823 0.2273 3.843 0.021 30.460 -87.412 
Perdido River Lower 5 320 319.0   2.0 1.00 0.1130 0.0982 0.2112 3.110 0.0097 30.530 -87.447 
Perdido River Lower 4 321 315.8   2.0 1.30 0.1630 0.0090 0.1720 6.363 0.010 30.530 -87.447 
Perdido River Mid 4 338 358.5   2.0 2.10 0.1240 0.1078 0.2318 5.283  30.530 -87.447 
Yellow River Lower 4 342 382.5   2.0 1.40 0.2170 0.1209 0.3379 5.050 0.012 30.536 -87.020 
Yellow River Lower 4 355 425.3   1.8 1.00 0.0000 0.0038 0.0038 2.080  30.536 -87.020 
Yellow River Lower 3 394 552.0   3.5 1.30 0.1280 0.0721 0.2001 4.517  30.536 -87.020 
Hoffman Woodland Bayou 2 374 457.0     0.80 0.5920 0.1312 0.7232 6.300 0.014 30.365 -87.179 
Hoffman Woodland Bayou 2 384 493.0     0.70 0.3230 0.1546 0.4776 8.310 0.014 30.365 -87.179 
Hoffman Woodland Bayou 2 292 205.5          12.705 0.014 30.365 -87.179 
Hoffman Woodland Bayou 2 297 229.5     4.20 0.0687 0.3309 0.3996 19.445  30.365 -87.179 
Hoffman Woodland Bayou 3 311 321.5   1.3 4.80 0.5510 0.3975 0.9485 19.000 0.027 30.365 -87.179 
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Gag (grouper) 
Mycteroperca 



microlepis 



Sample Locations: Offshore 
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Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg 
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Green line: US EPA recreational consumption 
action limit at 20 μg/kg. These fish were taken 
offshore.
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Toxicity of PCBs (TEQP) in Scamp from offshore 
Pensacola, FL.  Two samples were close to zero.  The 
US EPA recreational consumption action limit is 
indicated by the green line at 0.256 ng/kg. 



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 
% 



Lipids



TEQP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Offshore midshelf 1 435 840.0 0.10 0.1095 2.994 0.18 30.1849 -87.2367
Offshore midshelf 1 700 4670.0 0.70 0.3335 22.980 0.29 30.1963 -87.2385
Offshore outer shelf 1 405 1230.0 0.20 0.0012 2.62 0.12 29.8472 -87.3042
Offshore outer shelf 1 530 1890.0 0.10 0.0197 2.792 0.19 30.0672 -87.0922
Offshore outer shelf 1 728 8960.0 0.80 0.0591 3.504 0.33 29.7167 -87.3167
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Scamp Grouper 
Mycteroperca phenax



Sampling Locations: Offshore 
  
Mercury Content 
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Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg 
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Green line: US EPA recreational consumption action 



limit at 20 μg/kg. These fish were taken offshore.
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Toxicity of PCBs (TEQP) in Scamp from offshore 
Pensacola, FL.  Two samples were close to zero.  The 
US EPA recreational consumption action limit is 
indicated by the green line at 0.256 ng/kg.  



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 
% 



Lipids



TEQP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg Hg mg/kg LAT LONG 



Offshore outer shelf 1 305 570.0 0.10 0.0004 2.08 0.092 29.8472 -87.3042
Offshore outer shelf 1 325 820.0 0.50 0.0641 3.646 0.058 29.3000 -88.0167
Offshore outer shelf 1 350 90.0 0.10 0.0422 1.580 0.12 29.8472 -87.3042
Offshore outer shelf 1 400 570.0 2.20 0.0679 3.160 0.2 29.8472 -87.3042
Offshore outer shelf 1 535 2070.0 0.60  5.668 0.15 29.4333 -87.7167
Offshore outer shelf 1 590 5250.0 2.10 0.6646 32.066 0.098 29.1833 -88.1833
Offshore outer shelf 1 590 5250.0 2.20 0.4822 23.600 0.11 29.1833 -88.1833
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Red, Gag, & Scamp Groupers 
Epinephalus morio, Mycteroperca microlepis, Mycteroperca phenax 



Sampling Location: Offshore 
Fifteen groupers were sampled from offshore reefs. These fishes show a tendency for bioaccumulation with 
age for both mercury and PCBs.   No samples exceeded the US EPA screening value for mercury, although 
three samples exceeded the screening value for total PCBs, and four samples exceed the TEQ value for PCBs 
alone (Dioxin/Furans were not analyzed in these fish). 
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Green line: US EPA recreational consumption 
action limit at 0.40 mg/kg 
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Green line: US EPA recreational consumption action 
limit at 20 μg/kg 
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ at 0.256 ng/kg is 
indicated by the green line.  
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King Mackerel 
Scomberomorus cavalla



Sample locations: Offshore 
 
Twenty-eight fish were sampled from offshore Pensacola.  Both PCBs and Hg accumulate with age in this 
species.  Mercury content was high in these fish, and an existing consumption advisory exists based on the 
mercury content of larger specimens (>32”), which agrees with the recorded sizes of those fishes in this study 
exceeding the US EPA screening value.  PCB content also exceeded the US EPA screening value at about the 
same size.  The highest PCB loads of any offshore fish sampled were recorded for this species (92.5 μg/kg).  
Combined Dioxins/Furans and PCB TEQ values exceeded the US EPA screening value in 11 of 22 fish for 
which this data was available. 
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Green line: US EPA recreational consumption action limit 
at 0.40 mg/kg.  Red line: State of Florida threshold for 
limited consumption at 0.60 mg/kg. 
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Red line: State of Florida action limit at 50 μg/kg. 
Green line: US EPA recreational consumption 
action limit at 20 μg/kg. These fish were taken 
offshore. 
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational consumption 
action limit for TEQ at 0.256 ng/kg is indicated by the 
green line.  
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Location 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex 
Mean 
Age 



% 
Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



     
Nearshore 3 Barges 714 1740.0 F   0.10 0.0032 0.0610 0.0642 3.030 0.32 30.289 -87.220
Nearshore 3 Barges 721 1700.0 F   0.10  0.0005  1.430 0.24 30.289 -87.220
Nearshore 3 Barges 811 2790.0 F 2.0 0.10 0.0178 0.5429 0.5607 9.610 0.36 30.289 -87.220
Nearshore 3 Barges 817 2860.0 F 3.0 0.80 0.0000 0.0462 0.0462 3.100 0.29 30.289 -87.220
Nearshore 3 Barges 821 2650.0 F   0.60 0.0832 0.1415 0.2247 7.910 0.35 30.289 -87.220
Nearshore 3 Barges 880 3590.0 F   0.30 0.0016 0.1033 0.1049 2.960 0.55 30.289 -87.220
Nearshore 3 Barges 885 3140.0 F 2.0 0.10 0.0090   0.0090 27.700 0.73 30.289 -87.220
Nearshore 3 Barges 893 4180.0 M 2.0 0.20 0.0000 0.0804 0.0804 8.460 0.56 30.289 -87.220
Nearshore 3 Barges 899 3910.0 F 2.0 0.30 0.0141 0.5034 0.5175 25.900 0.42 30.289 -87.220
Nearshore 3 Barges 994 5300.0 M 9.0 0.10  0.4776  34.100   30.289 -87.220
Nearshore Paradise Hole 636 1260.0 M 2.0 0.10 0.0093 0.0018 0.0111 5.120   30.216 -87.446
Nearshore Paradise Hole 681 1450.0 NT   0.50     11.900 0.47 30.216 -87.446
Nearshore Paradise Hole 840 2930.0 F 3.0 0.10  0.1058  8.840   30.216 -87.446
Nearshore Paradise Hole 855 3170.0 F 3.0 0.20 0.0081 0.0008 0.0089 1.860 0.41 30.216 -87.446
Nearshore Paradise Hole 872 2610.0 F 3.0 0.50 0.0000 0.3362 0.3362 1.410 0.52 30.216 -87.446
Offshore outer shelf 750 5090.0 M   6.00 0.7228 2.2172 2.9400 92.459 0.39 29.847 -87.304
Offshore outer shelf 900 3680.0 F   0.20 0.0013 0.0008 0.0021 1.680 0.77   
Offshore outer shelf 902 3480.0 F   0.10 0.0069 0.0639 0.0708 6.630 0.43   
Offshore outer shelf 919 3870.0 F   0.30 0.1255 0.4262  17.700 0.39   
Offshore outer shelf 1109 7440.0 F 11.0 0.80     4.980     
Offshore outer shelf 1300 1255.0 F 13.0 0.50  1.3320  98.300     
Offshore outer shelf 1330 15000.0 F   8.00 2.8670 6.1700 9.0370 307 2.5   
Offshore outer shelf 1356 14840.0 F   5.30 5.2370 1.4995 6.7365 125 0.55   
Offshore outer shelf 1413 17540.0 F   0.40 0.2077 0.2560 0.4637 18.8 1.6   
Offshore outer shelf 1458 23500.0 F   0.30 0.2606 0.4977 0.7583 22.7 3.6   
Offshore outer shelf 1484 18080.0 F   0.50 0.2946 0.4368 0.7314 27.4 2.3   
Offshore outer shelf 1821 28360.0 F   0.10 0.0055 0.0028 0.0083 2.82 4.9   
Pensacola Beach Pier 780 3855.0 F   0.20     8.412   30.330 -87.141
Pensacola Beach Pier 830 4820.0 F   6.40 0.2081 0.7822 0.9903 32.185   30.330 -87.141
 











 



 33



 



Mingo (Vermillion) Snapper 
Rhomboplites aurorubens 



Sample Locations  
Specimens were obtained over offshore reefs 
representing 8 samples comprised of 20 fish, with 6 
samples as individual specimens. TEQ values, PCBs 
and mercury content were all low in sampled fish. 
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Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg 
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Green line: US EPA recreational consumption 
action limit at 20 μg/kg 
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ is 0.256 ng/kg. 



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 



% 
Lipids 



TEQP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Offshore midshelf 3 270 333.7 1.50 0.0547 3.47 0.039 30.188 -87.217
Offshore midshelf reef 
permit zone 1 173 72.1        30.081 -87.194
Offshore midshelf reef 
permit zone 11 181 86.9 1.50 0.0548 2.95 0.017 30.081 -87.194
Offshore outer shelf 1 232 380.0 1.58 0.0836 7.820 0.36 30.043 -87.006
Offshore outer shelf 1 247 460.0 1.01 0.0573 4.2746 0.029 30.043 -87.006
Offshore outer shelf 1 250 430.0 1.48 0.1524 8.260 0.029 30.043 -87.006
Offshore outer shelf 1 415 980.0 0.80 0.0003 2.32 0.03 29.998 -87.086
Offshore outer shelf 1 453 1180.0 1.00 0.0020 1.050 0.032 29.998 -87.086
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Pompano 
Trachinotus carolinus 



Sample locations: Santa Rosa Island Surf  
 
Nine fish were collected from Santa Rosa Island Surf and analyzed as individuals.  Mercury accumulation with 
size was apparent, but only one mid-sized fish of nine samples exceeded the US EPA screening value.  None of 
the PCB concentrations were above the US EPA screening value, and higher concentrations were found in smaller 
fish, consistent with estuarine utilization by juveniles in this species.  The fish with the two highest PCB 
concentrations also had high Dioxins/Furans, and the TEQ values for these fish exceeded the US EPA  TEQ 
screening value for recreational fisher consumption. 
 



Mercury Content 



0.1



0.2



0.3



0.4



0.5



0.6



340 360 380 400 420 440 460 480



Trachinotus carolinus



To
ta



l M
er



cu
ry



 m
g/



K
g



Mean Length (mm)
 



Green line: US EPA recreational consumption action limit 
at 0.40 mg/kg.  Red line: State of Florida action limit at 
0.6 mg/kg.. 
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Green line: US EPA recreational consumption action 
limit at 20 μg/kg. These fish were taken offshore.   
Red line: State of Florida action limit at 50 μg/kg 
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Location n 



Mean 
Lgth 
(mm) 



Mean 
Wght 



(g) Sex
% 



Lipid



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Santa Rosa Island 
surf 1 345 490.0 F 0.40 0.0081 0.0014 0.0095 2.850 0.15 30.349 -87.041
Santa Rosa Island 
surf 1 355 520.0 F 0.30 0.0000 0.0748 0.0748 3.030 0.18 30.349 -87.041
Santa Rosa Island 
surf 1 355 510.0 F 1.50 0.1000 0.0004 0.1004 0.59 0.18 30.349 -87.041
Santa Rosa Island 
surf 1 365 610.0 F 2.30 0.0280 0.2228 0.2508 11.400 0.11 30.349 -87.041
Santa Rosa Island 
surf 1 409 500.0 M 0.40 0.4206 0.0162 0.4368 11.50 0.55 30.349 -87.041
Santa Rosa Island 
surf 1 410 870.0 F 2.50 0.0000 0.0192 0.0192 2.560 0.16 30.349 -87.041
Santa Rosa Island 
surf 1 450 1090.0 F 0.30 0.0000 0.0038 0.0038 2.050 0.27 30.349 -87.041
Santa Rosa Island 
surf 1 450 960.0 F 0.10 0.0000 0.0002 0.0002 0.746 0.2 30.349 -87.041
Santa Rosa Island 
surf 1 462 1180.0 F 0.10 0.0108 0.0010 0.0118 2.560 0.22 30.349 -87.041
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Red Drum 
Sciaenops ocelatus 



 



Sample Locations  
 
 
Fifteen samples including 28 fish from 10 locations 
were analyzed.  With the exception of a single 
sample, mercury content increased slightly with 
size but was low in all samples.  PCB content 
increased with size, with 5 samples over the US 
EPA screening value.  Three fish had TEQ values 
that exceeded that US EPA screening value. 
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Red line: State of Florida action limit at 0.6 mg/kg.  
Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg. 
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Red line: State of Florida action limit at 50 μg/kg 
Green line: US EPA recreational consumption action 
limit at 20 μg/kg 
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Toxicity of PCB molecules as a Toxic Equivalency 
Quotient (TEQ). The US EPA recreational 
consumption action limit for TEQ at 0.256 ng/kg is 
indicated by the green line.  
 
 



Location n 



Mean 
Lgth 
(mm) 



Mean 
Wght 



(g) Age 
% 



Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=



0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Pens. Bay 1 845 6730 14.0    0.248  26.400   30.407 -87.141
Pens. Bay 1 920 10510 15.0 0.10  0.167  6.690   30.407 -87.141
Bayou Grande 1 395 560.0 1.2 0.30 0.027 0.002 0.0286 1.729 0.090 30.372 -87.297
Bayou Grande 4 526 1447.5 1.3 0.40 0.068 0.027 0.0946 18.233 0.110 30.372 -87.297
Bayou Texar 3 550 1616.7 1.3 0.30 0.001 0.283 0.2840 8.310 0.110 30.439 -87.188
East Bay 3 515 1250.0 1.0 0.30 0.131 0.008 0.1389 3.053 0.180 30.450 -86.980
East Bay, W 1 667 3080.0 2.0 0.20 0.012 0.130 0.1422 6.897 0.260 30.437 -87.052
East Bay, W 1 868 5060.0 8.0 0.20 0.288 0.110 0.3985 60.322 1.100 30.470 -87.052
Escambia Bay 
NW  1 650 2730.0 3.0 0.10 0.027 0.226 0.2536 13.658 0.092 30.533 -87.169
Escambia Bay 
SW  1 601 1810.0 2.0 0.20 0.041 0.242 0.2827 23.153 0.073 30.494 -87.113
Offshore  1 796 4630.0   0.30 0.000 0.015 0.0154 1.650 0.26 30.071 -87.035
Pensacola Bay, 
Lower 3 473 976.7 1.0 0.20 0.020 0.001 0.0204 0.916 0.160 30.355 -87.236
Pensacola Bay, 
Lower 1 853 6230.0 17.0 0.40 0.165 0.048 0.2134 31.314 0.240 30.355 -87.236
Perdido Bay 
Upper  3 420 740.0 1.0 0.20 0.024 0.003 0.0271 1.150 0.190 30.420 -87.387
Santa Rosa 
Sound 3 573 1250.0 2.0 0.20 0.038 0.000 0.0380 40.304 0.200 30.356 -87.100
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Red Snapper 
Lutjanus campechanus 



Sample Locations  
 
Forty-two fish in 24 samples were collected from 
offshore reefs, with smaller sized fish making up 
composites of 2 to 6 fish.  Mercury content 
increased with size, with larger fish approaching 
the US EPA screening value and one fish 
exceeding it.  PCB content was generally low 
with one larger fish close to the US EPA 
screening value and one smaller fish exceeding it.  
TEQ values followed a similar pattern, with only 
one smaller fish exceeding the screening value. 
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Red line: State of Florida action limit at 0.6 mg/kg.   
Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg. 
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Red line: State of Florida action limit at 50 μg/kg.  
Green line: US EPA recreational consumption 
action limit at 20 μg/kg. 
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Toxicity of PCBs (TEQP) in Red Snapper from 
offshore Pensacola, FL. The green line is the US 
EPA recreational consumption action limit at 0.256 
ng/kg.  



 



 
 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 
% 



Lipid 



TEQP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Inshore 3 130 76.1 1.90 0.0215 2.23 0.023 30.208 -87.120
Inshore 2 170 146.2 0.10 0.0011 2.64 0.037 30.208 -87.120
Offshore midshelf 2 295 480.0 0.20 0.0686 2.631 0.05 30.189 -87.218
Offshore midshelf 3 337 770.0 1.70 0.1550 6.13 0.12 30.189 -87.218
Offshore midshelf 1 400 960.0 0.10 0.0380 2.600 0.06 30.202 -87.239
Offshore midshelf 1 550 2300.0 0.20 0.0881 4.980 0.12 30.202 -87.239
Offshore midshelf 1 613 3400.0 0.50 0.1030 5.315 0.13 30.202 -87.239
midshelf reef permit zone 1 295 380.0 0.40 0.0006 1.477 0.036 30.083 -87.174
midshelf reef permit zone 1 338 550.0 0.70 0.0475 2.86 0.049 30.083 -87.174
midshelf reef permit zone 1 614 316.0 0.10 0.0559 3.505 0.15 30.058 -87.198
Offshore outer shelf 4 151 122.9 0.60 0.0809 1.97 0.028 29.961 -87.110
Offshore outer shelf 6 153 131.3 0.20 0.0171 1.597 0.021 29.984 -87.084
Offshore outer shelf 1 270 620.0 0.13 0.3024 22.300 0.038 30.043 -87.007
Offshore outer shelf 1 280 690.0 0.15 0.1801 9.370 0.07 30.043 -87.007
Offshore outer shelf 1 362 652.8 0.70 0.0005 1.55 0.043 29.998 -87.086
Offshore outer shelf 1 395 780.0 0.10 0.0012 2.35 0.044 29.998 -87.086
Offshore outer shelf 1 401 920.0 0.10 0.0005 1.54 0.044 29.998 -87.086
Offshore outer shelf 1 480 1520.0 1.50 0.0995 4.92 0.066 29.998 -87.086
Offshore outer shelf 1 535 4480.0 0.40 0.1231 6.323 0.33 29.683 -87.333
Offshore outer shelf 4 540 220.3     0.19   
Offshore outer shelf 1 558 2610.0 1.70 0.0676 4.23   30.078 -87.087
Offshore outer shelf 1 640 7600.0 0.40 0.0845 4.180 0.48 29.433 -87.717
Offshore outer shelf 1 652 3690.0 0.10 0.1456 3.512 0.37 29.998 -87.086
Offshore outer shelf 1 690 1068.0 0.50  17.37 0.22 30.220 -88.208
Offshore outer shelf 1 740 5680.0 0.00 0.1184 3.576 0.18 29.847 -87.304
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Sheepshead 
Archosargus 



probatocephalus 
 



Sample Locations  
Eighteen fish were sampled from two locations: 
Pensacola Pass during the annual spawning 
aggregation, and from the Escambia Bay I-10 Bridge 
demolition blast.  Mercury content was determined 
for the 8 samples taken from Pensacola pass, and 
although accumulation with age was observed, the 
concentrations were all well below the US EPA 
screening value.  PCB content, however, was above 
the US EPA screening value for three of the eight 
samples from Pensacola Pass where fish had 
congregated for the annual spawning.  All of the 
samples from the I-10 Escambia Bay Bridge were 
well above the US EPA Screening value.  Only one 
sample from both locations was below the US EPA 
screening value for TEQ.  
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Red line: State of Florida action limit at 0.6 mg/kg.  
Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg 



PCB content 



0



50



100



150



200



200 250 300 350 400 450 500 550



Archosargus probatocephalus



To
ta



l P
C



B
s 
μ



g/
K



g



Mean Length (mm)
 



State of Florida action limit 50 μg/kg (red line). US 
EPA recreational consumption action limit 20 μg/kg 
(green line).  Red symbols I-10 Bridge, Esc. Bay 
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Toxicity of Dioxins Furans (TEQDF) and PCBs 
(TEQP) in Sheepshead from Pensacola Bay.  High 
values, with one exception, were obtained for fish 
collected at the I-10 bridge (starred samples) in 
Escambia Bay.  The green line is the US EPA 
recreational consumption action limit at 0.256 ng/kg.  
State of Florida does not have an official action limit 
established for TEQ values.  



 



 



Location n 



Mean 
Lgth 
(mm) 



Mean 
Weight 



(g) 



% 
Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Escambia Bay I-10 1 245 280.0 1.00 0.1846 2.1508 2.3354 41.100 0.025 30.519 -87.143
Escambia Bay I-10 1 255 340.0 0.80 0.1913 2.8072 2.9985 54.100 0.03 30.519 -87.143
Escambia Bay I-10  1 310 610.0 1.80 0.3154 3.4060 3.7214 173.00 0.035 30.519 -87.143
Escambia Bay I-10  1 312 550.0 0.70 0.2094 4.7738 4.9832 87.700 0.035 30.519 -87.143
Escambia Bay I-10 1 345 700.0 0.70 0.1699 4.6129 4.7828 83.700 0.039 30.519 -87.143
Escambia Bay I-10  1 420 1350.0 0.60 0.1026 2.8624 2.9650 73.600 0.085 30.519 -87.143
Escambia Bay I-10  1 440 1580.0 2.60 0.8599 11.599 12.459 192.00 0.089 30.519 -87.143
Escambia Bay I-10  1 455 1770.0 1.60 0.2838 5.1068 5.3906 165.00 0.092 30.519 -87.143
Pensacola Pass 1 420 1230.0 0.20 0.0956 0.2458 0.3414 23.000   30.334 -87.299
Pensacola Pass 1 433 1400.0 0.30 0.1414 0.1105 0.2519 2.150   30.334 -87.299
Pensacola Pass 1 435 1620.0 0.40 0.0841 0.6006 0.6847 25.100   30.334 -87.299
Pensacola Pass 1 435 1310.0 1.00 0.6197 0.7205 1.3402 18.200   30.334 -87.299
Pensacola Pass 1 440 1670.0 0.90 0.2482 0.3786 0.6268 14.600   30.334 -87.299
Pensacola Pass 1 451 1650.0 0.30 0.0000 0.0166 0.0166 2.570   30.334 -87.299
Pensacola Pass 1 458 1550.0 0.60 0.4506 2.0207 2.4713 62.300   30.334 -87.299
Pensacola Pass 1 466 1470.0 0.40 0.0857 0.2980 0.3837 10.200   30.334 -87.299
Pensacola Pass 1 472 1530.0 0.40 0.1522 0.5279 0.6801 16.700   30.334 -87.299
Pensacola Pass 1 500 1980.0 0.70 0.9019 0.3197 1.2216 9.640   30.334 -87.299
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Shrimp 
Farfantepenaeus spp. 



 



Sample Locations 
 
Shrimp samples (4) from Pensacola Bay were all well below screening values for mercury, PCBs and TEQ. 
 
Mercury Content 



0



0.05



0.1



0.15



0.2



0.25



0.3



0.35



0.4



100 110 120 130 140 150 160



Shrimp (Brown & White)



To
ta



l M
er



cu
ry



 m
g/



K
g



Mean Length (mm)
 



Red line: State of Florida action limit at 0.5 mg/kg.  
Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg. 
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Red line: State of Florida action limit at 50 μg/kg.  
Green line: US EPA recreational consumption 
action limit at 20 μg/kg. 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 



% 
Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Pens. Bay 34 101 7.0 0.50  0.082  4.779 0.011 30.407 -87.141
Pens. Bay 13 132 15.3 0.40 0.376 0.012 0.3877 5.49 0.011 30.394 -87.185
Pens. Bay 7 153 24.4 0.60 0.263 0.005 0.2676 4.42 0.014 30.394 -87.185
Pens. Bay 74 119   0.30    5.37 0     
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Spanish Mackerel 
Scomberomorus maculatus 



Sample locations: Pensacola Pass, offshore 
 
Seven samples of individual fish were collected from Pensacola pass and along the gulf shoreline of Santa 
Rosa Island.  Mercury content increased with size of the fish, with five of seven samples exceeding the US 
EPA screening value.  PCBs however, decreased with increasing size, with the two smallest fish exceeding 
the US EPA Screening value for total PCBs, consistent with younger fish foraging in the estuary and older 
fish moving offshore.  The highest PCB toxicity as TEQ was for two of the larger specimens, indicating that 
despite lower total PCB, more toxic congeners were more prevalent with age. 
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Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg.  Red line: State of Florida 
threshold for limited consumption at 0.60 mg/kg. 
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Red line: State of Florida action limit at 50 μg/kg.  
Green line: US EPA recreational consumption action 
limit at 20 μg/kg. These fish were taken offshore.
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Toxicity of PCBs (TEQP) in Spanish mackerel from 
inshore and offshore Pensacola, FL.  One sample 
was close to zero.  The US EPA recreational 
consumption action limit is indicated by the green 
line at 0.256 ng/kg.  



 



 
 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 



% 
Lipids 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Nearshore 
3 Barges 1 551 960.0 1.60 0.1026 0.1515 0.2541 7.350 0.46 30.288



-
87.220



Offshore 
outer shelf 1 530 900.0 1.00 0.2643 0.1733 0.4376 15.700 0.57   
Offshore 
outer shelf 1 582 1020.0 0.10 0.0210 0.0008 0.0218 2.010 0.51   
Offshore 
outer shelf 1 620 13750.0 0.30 0.0930 0.1619 0.2549 4.570 0.83   
Pensacola 
Bay Pass 1 505 680.0 3.20  0.4892  32.423 0.062 30.326



-
87.307



Pensacola 
Bay Pass 1 537 870.0 2.30  0.3539  25.354 0.13 30.326



-
87.307



Pensacola 
Bay Pass 1 632 128.0 0.10 0.0012 0.0587 0.0599 3.020 0.51 30.326



-
87.307
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Spotted Seatrout 
Cynoscion nebulosus 



 



Sample Locations  
 
 
Mercury content is higher in larger fish throughout 
the area.  
 
 
Areas with High PCB samples 
 Upper and West Escambia Bay 
 Bayou Grande 
 
 



Twelve Sample locations provided 18 samples and 49 fish.  Five samples were individual fish, the others were 
composites of 3 to 5 fish each.  Mercury increased with fish size throughout the area to the point where 8 samples 
had mercury concentrations higher than the US EPA screening value.  With the exception of a single sample, PCB 
content was lower than for other species sampled in the same locations, including the Escambia I-10 bridge site 
which had the highest PCB concentrations found during the course of the study.  Five of 18 samples were above 
the US EPA screening value for total PCBs.  Eight of 18 samples exceeded the US EPA screening value for TEQ. 
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Red line: State of Florida action limit at 0.6 mg/kg.  
Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg. 
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Red line: State of Florida action limit at 50 μg/kg.  .  
Green line: US EPA recreational consumption action 
limit at 20 μg/kg.  Blue symbols from I-10 Bridge, 
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Escambia Bay 
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Toxicity of Dioxins Furans (TEQDF) and PCBs (TEQP) in 
Spotted Seatrout from NW Florida waters. Low values 
were recorded from East Bay, Santa Rosa Sound, and 
Perdido Bay. The green line is the US EPA recreational 
consumption action limit at 0.256 ng/kg.  State of Florida 
does not have an official action limit established for TEQ 
values.  



 



Location n 



Mean 
Lgth 
(mm) 



Mean 
Wgt 
(g) 



Mean 
Age 



% 
Lipid 



TEQDF 
ng/Kg 
ND=0 



TEQP 
ng/Kg 
ND=0 



TEQDFP 
ng/Kg 
ND=0 



ΣPCBs 
ug/Kg 



Hg 
mg/kg LAT LONG 



Bayou Chico 5 336 343.2 1.1 0.30 0.2014 0.0177 0.2191 9.276 0.170 30.404 -87.255
Bayou Grande 4 328 284.6 1.1 0.20 0.3620 0.0367 0.3987 23.401 0.130 30.372 -87.297
Bayou Texar 3 428 626.7 2.7 0.40 0.0059 0.6300 0.6359 6.110 0.460 30.439 -87.188



Bayou Texar 1 630 
1790.



0 6.0 0.50 0.0000 0.0971 0.0971 4.030 0.64 30.439 -87.188
East Bay 3 455 836.7 3.5 0.50 0.0548 0.0219 0.0767 10.976 0.490 30.450 -86.980
Esc. Bay I-10  1 354 350.0   0.20 0.0768 0.6807 0.7575 27.000 0.1 30.519 -87.142
Esc. Bay I-10  1 455 820.0   0.30 0.1951 0.6826 0.8777 26.300 0.17 30.519 -87.142
Esc. Bay NE  3 407 623.3 1.8 0.30 0.0360 0.1638 0.1998 12.928 0.270 30.569 -87.165
Esc. Bay NW  1 371 370.0 1.0 0.30 0.0185 2.1435 2.1620 209.32 0.360 30.533 -87.169
Esc. Bay NW  3 379 466.1 1.0 0.40 0.0639 0.0488 0.1127 24.572 0.240 30.533 -87.169
Esc. Bay SW  5 343 330.6 1.0 0.30 0.1085 0.0286 0.1371 14.640 0.210 30.494 -87.113
Hoffman-
Woodland  4 497 



1050.
0 2.9 0.70 0.6048 0.1940 0.7988 2.320 0.640 30.365 -87.179



Pensacola Bay 4 368 420.0 1.7 0.60 0.0000 0.0234 0.0234 11.900 0.300 30.407 -87.141
Pensacola Bay, 
Lower 3 373 516.7 3.6 0.10 0.3480 0.0396 0.3876 16.197 0.470 30.355 -87.236
Penscola Bay  3 428 646.7 2.6 0.40 0.0000 0.0028 0.0028 1.630 0.370 30.355 -87.236



Penscola Bay  1 615 
1430.



0   0.20 0.0000 1.4071 1.4071 10.383 0.700 30.355 -87.236
Perdido Bay  4 358 393.6 1.1 0.20 0.0320 0.0043 0.0363 1.805 0.300 30.422 -87.387
Santa Rosa 
Sound 3 475 850.0 2.1 0.20 0.0006 0.0009 0.0015 0.500 0.410 30.356 -87.100



 











 



 48



Gray Trigger 
Balistes capriscus 



 



Sample locations  
 
 
Seven samples, 6 as individual fish and one 3 fish 
composite were collected on offshore reefs.  All 
fish had low mercury, PCBs, and TEQ values 
well below US EPA screening values. 
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Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg.   
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Green line: US EPA recreational consumption 
action limit t at 20 μg/kg.   
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Toxicity of PCBs (TEQP) in Gray Trigger fish from 
offshore Pensacola, FL.  Five of six samples were close 
to zero.  The US EPA recreational consumption action 
limit is 0.256 ng/kg.  
 



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 
% 



Lipids 



TEQP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Offshore outer shelf 1 400 1560.0 0.02 0.0001 0.800 0.059     
Offshore outer shelf       0.20 0.0001 0.3233 0.061 29.983 -87.284
Offshore midshelf 
reef permit zone 1 272 460.0 0.20 0.0003 1.270 0.13 30.058 -87.198
Offshore midshelf 
reef permit zone 1 353 940.0 0.20 0.0001 0.2085 0.15 30.083 -87.174
Offshore outer shelf 3 225 486.7 0.20 0.0001 0.831 0.053 29.983 -87.284
Offshore outer shelf 1 365 1790.0 0.30 0.0001 1.020 0.16 29.847 -87.304
Offshore outer shelf 1 468 1800.0 0.10 0.0180 1.148 0.12 30.067 -87.092



 
 
 











 



 50



 
Wahoo, Acanthocybium solandri 



Sample Locations  
 
 
Seven specimens were sampled from offshore of 
Pensacola in The Gulf of Mexico.  Two samples 
had mercury concentrations above the US EPA 
screening value, two samples exceeded the US 
EPA screening value for total PCBs, and had 
TEQ values based on PCB content that exceeded 
the screening value for TEQ. 
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Green line: US EPA recreational consumption action 
limit at 0.4 mg/kg. 
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Green line: US EPA recreational consumption 
action limit at 20 μg/kg 











 



 51



0



0.5



1



1.5



2



883 1015 1036 1115 1263 1378 1740



PC
B



 T
EQ



 n
g/



kg



Mean Length (mm)
 



Toxicity of PCBs (TEQP) in Wahoo from offshore 
Pensacola, FL.  Three samples were close to zero.  
The US EPA recreational consumption action limit is 
indicated by the green line at 0.256 ng/kg.  



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) Sex 



% 
Lipids 



TEQP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Offshore outer shelf 1 883   M 0.10 0.0006 1.99   30.083 -87.167
Offshore outer shelf 1 1015 6770.0 F 0.02 0.1906 6.020 0.15 29.383 -87.717
Offshore outer shelf 1 1036 nt NT 0.90 0.0057 11.400 0.6 29.317 -88.238
Offshore outer shelf 1 1115 8520.0 F 0.05 0.0494 1.160 0.14 29.350 -88.183
Offshore outer shelf 1 1263 1237.0 F 0.06 0.0001 0.880 0.18 29.350 -88.183
Offshore outer shelf 1 1378 nt NT 0.40 0.5983 26.400 0.35 29.282 -88.204
Offshore outer shelf 1 1740 nt NT 1.00 1.8916 28.700 3.1 29.267 -88.188
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White Trout 
Cynoscion arenrius 



Sample Locations Low mercury content in sampled fish. 
 
Areas with High PCB content 
 
Upper Escambia Bay/I-10 bridge 
 
Eight samples were obtained from offshore, the 
Pensacola Bay three mile bridge and Escambia 
Bay.  All samples were below US EPA screening 
values for mercury content, and accumulation with 
size was not apparent.  Samples from the 
Escambia Bay I-10 bridge were the only ones that 
exceeded the screening value for total PCBs and 
TEQ 
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Red line: State of Florida action limit at 0.60 mg/kg.  
Green line: US EPA recreational consumption action 
limit at 0.40 mg/kg 
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Red line: State of Florida action limit at 50 μg/kg.  
Green line: US EPA recreational consumption 
action limit at 20 μg/kg.  Blue symbols from I-10 
Bridge, Escambia Bay 
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Toxicity of Dioxins Furans (TEQDF) and PCBs 
(TEQP) in white trout from NW Florida waters.  All 
four high values were obtained for fish collected at 
the Escambia Bay I-10 Bridge.  The green line is the 
US EPA recreational consumption action limit at 
0.256 ng/kg.  State of Florida does not have an 
official action limit established for TEQ values. 



 



 



Location n 



Mean 
Length 
(mm) 



Mean 
Weight 



(g) 



% 
Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Offshore outer 
shelf 6 206 151.2 1.30 0.0000 0.0369 0.0369 2.358 0.063 30.044 -86.991
Escambia Bay 
NW  6 260 159.3 0.60 0.0463 0.0481 0.0944 22.472 0.180 30.533 -87.169
Escambia Bay 
NW  6 271 177.3 0.50 0.0399 0.0295 0.0694 15.820 0.260 30.533 -87.169
Escambia Bay I-
10 Bridge 4 296 237.5 0.30 0.1590 1.6121 1.7711 336.00 0.19 30.519 -87.143
Pensacola Bay, 
3-mile Bridge 6 309 284.9 1.00 0.0463 0.0263 0.0726 15.727 0.230 30.394 -87.185
Escambia Bay I-
10 Bridge 1 335 330.0 0.60 0.3196 3.2589 3.5785 192.00 0.14 30.519 -87.143
Escambia Bay I-
10 Bridge 1 350 440.0 0.30 0.0570 0.7504 0.8074 70.900 0.12 30.519 -87.143
Escambia Bay I-
10 Bridge 1 360 460.0 0.60 0.5696 3.2012 3.7708 105.00 0.17 30.519 -87.143
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Yellowfin Tuna 
Thunnus albacares 



 



Sample locations: offshore 
 
Six samples from individual fish were obtained from Offshore, and all were below screening values for 
mercury, total PCBs and TEQ 
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offshore. 
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 Toxicity of PCBs (TEQP) in yellow fin tuna from 
offshore Pensacola, FL.  All samples were close to 
zero.  The US EPA recreational consumption 
action limit is 0.256 ng/kg.  



 



 



Location n 



Mean 
Length 
(mm) 



% 
Lipids 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Offshore Ram Powell 1 355 0.30  0.0001  0.907 0.025 29.060 -88.091
Offshore Ram Powell 1 780 0.20 0.0000 0.0005 0.0005 0.714 0.072 29.060 -88.091
Offshore Ram Powell 1 827 0.20 0.0161 0.0006 0.0167 2.520 0.072 29.060 -88.091
Offshore Ram Powell 1 944 0.20 0.0061 0.0013 0.0074 3.130 0.1 29.060 -88.091
Offshore Ram Powell 1 1072 0.10 0.0005 0.0014 0.0019 3.440 0.081 29.060 -88.091
Offshore Ram Powell 1   0.20 0.0449 0.0028 0.0477 6.720   29.060 -88.091
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Miscellaneous Species 



Location Species n 



Mean 
L 



(mm) 



Mean 
Wgt 
(g) Sex 



% 
Lipid 



TEQDF 
ng/kg 
ND=0 



TEQP 
ng/kg 
ND=0 



TEQDFP 
ng/kg 
ND=0 



ΣPCBs 
ug/kg 



Hg 
mg/kg LAT LONG 



Offshore outer shelf 
Teneco Reef Calamus leucosteus  2 385 970.0   0.20   0.0526  2.183 0.25 29.998 -87.086 
Offshore outer shelf Caranx crysos 1 307 700.0   0.24   0.1323  7.9053 0.32 30.043 -87.007 
Offshore outer shelf Centropristis ocyura 13 102 35.7   0.30   0.0402  2.25 0.052 29.984 -87.084 
Offshore outer shelf Centropristis ocyura 18 108 42.6   0.00   0.0002  1.136 0.054 30.044 -86.991 
ex-Oriskany Etrumeus teres 18 139 22.0   2.00 0.1808 0.3643 0.5451 4.35 0.023 30.043 -87.007 



ex-Oriskany Etrumeus teres 
10
2 145     2.20   0.2221  8.61 0.017 30.043 -87.007 



Offshore midshelf Haemulon aurolineatum 11 210 139.5   0.20   0.0005  1.804 0.073 30.189 -87.218 
Offshore midshelf reef 
permit zone Haemulon aurolineatum 10 198 124.0   0.00   0.0008  2.028 0.047 30.082 -87.195 



Escambia River Ictalurus punctatus 1 510
1140.



0 F 1.80 0.5705 0.7067 1.2772 114.88   30.646 -87.262 
Escambia River Upper  Ictalurus punctatus 1   880.0 F 3.50 1.0479 0.7067 0.6757 17.984   30.646 -87.262 
Offshore outer shelf Lagodon rhomboides 15 140 75.1   0.60   0.0294  2.819 0.086 30.044 -86.991 
Offshore outer shelf Leiostomus xanthurus 15 153 91.4   0.60 0.0000 0.0192 0.0192 1.825 0.074 30.044 -86.991 
Pensacola Bay, Lower Leiostomus xanthurus 5 259 217.8   2.00 0.2480 0.0382 0.2862 21.215 0.071 30.355 -87.236 
Inshore Loligo sp. 2 157 99.3   1.20   0.1012  4.21 0.056 30.188 -87.278 
Offshore outer shelf Loligo sp. 4 120 58.9   0.30   0.0010  2.42 0.039 29.984 -87.084 
Offshore outer shelf Lutjanus griseus 1 252 420.0   0.60 0.0000 0.0016 0.0016 1.701 0.083 30.052 -87.306 
Offshore outer shelf Lutjanus griseus 1 270 510.0 M 0.50 0.0000 0.0755  2.228 0.13 29.983 -87.284 
Offshore midshelf reef 
permit zone Pagrus pagrus 1 317 435.0   0.40   0.1197  2.98 0.31 30.083 -87.174 
Offshore outer shelf Pagrus pagrus 3 205 248.8   0.10   0.0002  1.38 0.078 29.961 -87.110 
Offshore outer shelf Pagrus pagrus 5 319 384.7   0.50   0.0338  2 0.15 30.078 -87.087 
Offshore outer shelf Prionotus scitulus 6 189 153.6       0.0002  0.567   29.984 -87.084 
Offshore outer shelf Prionotus scitulus 6 231 153.6         0.6026   29.984 -87.084 
Offshore outer shelf Rachycentron canadum  1 875     0.25   0.1236  13.300 0.021     
Inshore Sand Dollars 20 30 1.1   0.30   0.0008  2.36 0.004 30.192 -87.278 
Offshore outer shelf Serranus phobe  9 123 54.2         1.090   30.048 -86.993 
Offshore outer shelf Sphaena barracuda 1 847 5030 F 0.11   0.1391  8.230 0.48 29.383 -87.917 
Offshore outer shelf Syacium papillosum 1 215 170.0   0.01   0.0624  4.550 0.023 30.043 -87.007 
Offshore outer shelf Synodus foetens 6 208 92.2   0.50     1.89 0.029 30.044 -86.991 
Offshore outer shelf Synodus foetens 1 374 640.0   0.80   0.0004  1.86 0.37 29.961 -87.110 
Offshore outer shelf Trachinocephalus myops 1 195 137.0   0.20   0.0192  1.9   30.048 -86.993 
Offshore outer shelf Trachurus lathami  41 98 10.9   0.10   0.0590  2.164 0.01 29.961 -87.110 
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In Memoriam



The 2010 Artificial Reef Summit is dedicated to the memory of Chris Koepfer, the long-time Lee County Arti-
ficial Reef Coordinator who passed away in 2009. Chris was a well-respected member of Florida’s artificial reef 
community and played a major role in establishing one of the most successful county artificial reef programs in 
the state. He is greatly missed by his family, friends, and colleagues.



“Chris maintained one of the best examples of a comprehensive, county artificial reef plan, which we have of-
ten used as a template for other counties around Florida getting new artificial reef programs up to speed,” said 
Keith Mille, an artificial reef coordinator with the Florida Fish and Wildlife Conservation Commission (FWC).



“As a member of the 2003 FWC Artificial Reef Advisory Board, Chris helped FWC develop our 2004 Florida 
Statewide Strategic Plan. He was also proactive in developing unique artificial reef designs, such as the Lee 
County red grouper modules, and the Lee County radio tower modules, now among the most popular fishing 
and diving sites in SW Florida,” Mille said.



“Chris also acquired valuable materials of opportunity, such as limestone boulders and concrete bridge mate-
rial. He was in the field as often as possible to follow up the county deployments with long-term monitoring to 
evaluate material and design performance.” 



“Chris was always to us a highly esteemed colleague and consummate professional. His opinion and insight on 
artificial reef issues was always greatly valued by us as was his friendship,” said Mille.



Chris Koepfer Education Fund Raffle
A raffle to help support the future educational expenses for Chris’s 



two daughters will be held during the summit.



The Guy Harvey Ocean Foundation has generously donated original 
artwork signed and numbered by the famous artist to support this 
endeavor.



This giclée print, titled “Bases Loaded,” is valued at $500. Summit 
attendees will have the opportunity to win it as well as other signed 
and numbered artwork by Harvey, Jim Barry, and other artists -- all 
while supporting a worthy cause. Raffle tickets are available at the 
summit for only $20 each, or $30 for two tickets. Entry into the raffle 
also entitles attendees to win other artwork and prizes!



Conference Organizing Sponsors



As chairs of the organizing committee, we welcome you to the 2010 Florida Artificial Reef 
Summit. With 1,357 miles of coastline, involvement by 34 different counties, and over 
2,500 artificial reefs deployed to date, Florida manages one of the most diverse and most 
active artificial reef programs in the United States. Because artificial reef development in 
Florida works with, and depends upon, a network of local partners, inter-county coordina-
tion and communication is critical to ensure successful implementation of statewide strate-
gic objectives for artificial reef development.  



This Summit occurs every 3 to 5 years and provides the format for local partners to meet 
and exchange information. It is a critical opportunity for the Florida Fish and Wildlife Con-
servation Commission Artificial Reef Program and Florida Sea Grant to disperse high-quality 
information, experience and program goals and objectives directly with all of Florida’s 
artificial reef stakeholders.  



This will be the eighth Summit. Previous summits were held in Daytona Beach (1979), 
Miami (1987), Tallahassee (1990 & 1993), Palm Beach (1998), Ft. Lauderdale (2001), and 
Sarasota (2004).



By all indications, this year’s may be the most successful yet. In addition to the numerous 
speakers and poster presenters, please take time to visit with our summit sponsors, who 
have generously helped make this event possible.
 John Stevely, Florida Sea Grant 
 Keith Mille, FWC



Cover Photo:  Robert Turpin, Director of Escambia County’s Marine Resources Division, descends 
at a depth of 97 ft alongside the control tower of the Oriskany Reef during the post-deployment 
inspection dive the day after the successful deployment completed by the Navy in partnership with 
the Florida Fish and Wildlife Conservation Commission and Escambia County.   Photo by Keith Mille, 
Florida Fish and Wildlife Conservation Commission, May 19, 2006.
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2010 Florida Artificial Reef Summit Agenda 



Thursday, January 21, 2010   



9:00   Check in, poster set up 



10:00   Summit Welcome and Goals 
John Stevely, Mantee County Marine Extension, Florida Sea Grant  
William Teehan, Fisheries Management Section Leader, Division of Marine Fisheries Management, Florida Fish and 
Wildlife Conservation Commission 



10:15   Synopsis of 2007 FWC Artificial Reef – Fisheries Management Science Colloquium 
Jon Dodrill and Jessica McCawley, Florida Fish and Wildlife Conservation Commission  



10:35   Synopsis of 9th International Conference on Artificial Reefs and Artificial Habitats (9th CARAH)  
Dr. Stephen Bortone, Executive Director, Gulf of Mexico Fishery Management Council 



11:00   Panel discussion on Fisheries Management and Artificial Reefs 
Moderator, Dr. William Seaman, Jr., Professor Emeritus, University of Florida  



• Dr. William Lindberg, Professor, University of Florida  
• Dr. Stephen Bortone, Executive Director, Gulf of Mexico Fisheries Management Council  
• Dr. William Patterson, Professor, University of West Florida  
• Jon Dodrill, Environmental Administrator, Division of Marine Fisheries Management ‐ Artificial Reef Program, 



Florida Fish and Wildlife Conservation Commission  
• Jessica McCawley, Biological Administrator, Division of Marine Fisheries Management ‐ Fisheries Management 



Section, Florida Fish and Wildlife Conservation Commission  



12:00   Lunch (included in registration)   



1:00   Examples of Fisheries Management Applications 
Chair, Bryan Fluech, Florida Sea Grant  



• Unpublished Artificial Reefs in the Florida Panhandle, Dr. William Patterson, Professor, University of West Florida  
• Red Grouper Artificial Reefs in Lee County, Justin McBride, Senior Environmental Specialist, Natural Resources 



Division, Lee County  
• Deep‐water Artificial Reefs in the Oculina Marine Protected Area, Dr. Christopher Koenig, Professor, Florida State 



University  
• Artificial Reef Development and the Steinhatchee Fisheries Management Area, Dr. William Lindberg, Professor, 



University of Florida  



2:20   Contributed Fisheries Management Presentations 
• Utilization of Obsolete Vessels as Artificial Reefs to Restore Oculina Varicosa Habitat, Michael Barnette 
• Why Birds Don’t Live in Doghouses? Which Habitat for Which Species; Artificial Habitat Examples from Japan and 



France, Dr. Sylvain Pioch 



3:00   Break (coffee and beverages provided)   



3:30   Contributed Fisheries Management Presentations (Cont.) 
• Recovery of the Goliath Grouper (Epinephelus itajara) Population of Florida: Significance of Artificial Reefs, 



Dr. Christopher Koenig  
• Fisheries‐Independent Monitoring of Reef Fishes on the West Florida Shelf: A Programmatic Overview and 



Preliminary Results from Sampling Artificial and Natural Habitats, Sean F. Keenan  
• Monitoring Faunal Utilization of Artificial Reefs in Tampa and Sarasota Bays, Florida, Dr. Jay Leverone 
• Using Reef Structure to Enhance Reef Function, Dr. Thomas Cuba 
• River Reefs: Martin County’s Inshore Artificial Reef Program: A Fisheries Management Approach to Restoring 



Estuarine Nursery Habitat, Ben Harkanson 
• Biological Impact of a Red Tide Event on a Natural and Artificial Reef, Heyward Mathews 



6:00   Networking Social and Poster Display 
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Friday, January 22, 2010   
7:00   Check in, Continental Breakfast (included in registration)   



8:00   Regional and Statewide Artificial Reef Developments 
Chair, Christina Verlinde, Florida Sea Grant  



• Statewide and Nationwide, Jon Dodrill, Environmental Administrator, Division of Marine Fisheries Management ‐ 
Artificial Reef Program, Florida Fish and Wildlife Conservation Commission  



• Panhandle and Big Bend, Allen Golden, P.E., Development Services Department, Planning and Zoning Division, Bay 
County 



• Southwest, Michael Solum, Environmental Specialist, Coastal Resources, Sarasota County 
• Northeast, Carl Blow, Vice Chairman, St. Augustine Port, Waterway and Beach District and Florida Inland 



Navigation District Commissioner for St. Johns County  
• East‐Central Florida, Jim Oppenborn, Marine Resource Coordinator, St. Lucie County  
• Southeast Florida, Sara Thanner, M.S., Environmental Resources Project Supervisor, Department of Environmental 



Resources Management, Miami‐Dade County 



10:00   Break (coffee and beverages provided)   



10:30   State and Federal Regulatory and Permitting 
Chair, Keith Mille, FWC 



• Overview of Active Florida Artificial Reef Permit Areas. Keith Mille, Environmental Specialist, Florida FWC Division 
of Marine Fisheries Management, Artificial Reef Program, Tallahassee  



• Update on State of Florida Artificial Reef Permitting, Jennifer Smith, Program Administrator, Southeast District 
Environmental Resources Program, Florida Dept. of Environmental Protection, West Palm Beach  



• Update on Federal Artificial Reef Permitting, Bev Lawrence, Project Manager/Biologist, U.S. Army Corps of 
Engineers, Jacksonville District, Regulatory Division, Jacksonville 



• Overview of NOAA‐NOS Artificial Reef Charting Process and Policies, Ken Forster, Chief, Products Branch B, NOAA‐
NOS, Office of Coast Survey, Marine Chart Division, Silver Spring, MD  



11:15   Q & A Panel Discussion, above speakers, plus the following panelists:  
• Jocelyn Karazsia, Fishery Biologist, NOAA Fisheries Service, Habitat Conservation Division, West Palm Beach 
• Michael Barnette, Fishery Biologist, NOAA Fisheries Service, Protected Resources Division, St. Petersburg  
• Lt. Cliff Harder, Supervisor, MSD Port Canaveral, United States Coast Guard Sector Jacksonville, Port Canaveral  
• Hugh Rein, Cartographer, NOAA‐NOS, Office of Coast Survey, Marine Chart Division, Silver Spring, MD  



12:00   Lunch (included in registration)   



1:00   Contributed Presentations on Adaptive Management Strategies: Lessons Learned 
Chair, Robert Turpin, Manager, Marine Resources, Escambia County 



• The Economic Impact of Artificial Reefs in Southwest Florida, Dr. Bob Swett 
• Multi‐Purpose Artificial Reefs for Coastal Protection, Ecological and Amenity Enhancement, John Hearin 
• Artificial Reef Optimization using Google Earth as a Collaborative Platform for Mitigation, Monitoring & More, 



Todd Barber 
• Near‐shore Artificial Reefs of Sand Key, Pinellas County: A Case Study for Managing Mitigation for Near‐shore 



Hardbottom with Implications for Other Regions of South Florida, Jessica Craft 
• Ex‐USNS Hoyt S. Vandenberg Design, Preparation and Deployment as Artificial Reef Substrate at a Permitted Site 



Off Key West, Jeffrey Dey 



2:40   Break (coffee, beverages and snacks provided)   
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Friday, January 22, 2010 (Cont.)   



3:10   Ships to Reefs Session: How to Implement a Florida Ships‐to‐Reefs Program, Process Map (From Funding to 
Deployment), and Lessons Learned from Previous Vessel Deployments 
Chair, Robert Turpin, Manager, Marine Resources, Escambia County  



• Introduction to Florida Ships‐to‐Reefs, Tom Ingram, Executive Director, Dive Equipment and Marketing Association 
(DEMA)  



• Local Funding: How to Focus Grassroots Support, Identify Funding Sources and Setting up Endowment/Trust Funds, 
Robert Turpin, Manager, Marine Resources, Escambia County  



• State Funding: How Citizens and Local Governments Can Coordinate Efforts to Develop Support in the Florida 
Legislature to Appropriate Funding for the Florida Ships‐to‐Reefs Initiative, State Representative Doug Holder, 
District 70  



• MARAD Process: How to Select, Submit Applications, Receive and Deploy Vessels from MARAD, Dana Austin, 
Industrial Property Management Specialist, Office of Ships Disposal, DOT/MARAD  



• Navy Process/USS Radford: Status of the Three‐State Partnership Reefing the USS Radford, Jeff Tinsman, Artificial 
Reef Coordinator, State of Delaware  



• Lessons Learned from Large Vessel Reefing Projects in Florida, William Horn, Fisheries Biologist IV, Division of 
Marine Fisheries Management ‐ Artificial Reef Program, FWC 



5:10   Q & A Panel Discussion, above speakers, plus representatives from large ship reefing contractors, including Tim 
Mullane, American Marine Group, Inc., and Joe Farrell, Resolve Marine Group, Inc. 



6:00   Networking Social   



Saturday, January 23, 2010   
7:00   Check in, Continental Breakfast (included in registration)   



8:00   Citizen Involvement in Artificial Reef Development and Monitoring 
Chair, Dr. Janet Phipps, Coral Reef Ecologist, Department of Environmental Resources Management, Palm Beach 
County 



• Reef Environmental Education Foundation and Volunteer Reef Fish and Invasive Species Assessments, Lad Akins, 
Director of Special Projects, Reef Environmental Education Foundation  



• Volunteer Involvement in Surveying Goliath Grouper Populations, Angela Collins, Assistant Research Scientist, Fish 
and Wildlife Research Institute, Florida Fish and Wildlife Conservation Commission  



• Using Volunteer Support for County Artificial Reef Construction and Monitoring Program, Dana Morton, Aquatic 
Biologist, Environmental Program Supervisor and Artificial Reef Coordinator, Environmental Quality Division, City 
of Jacksonville  



9:00   Contributed Citizen Involvement in Artificial Reef Development and Monitoring Presentations 
• Goliath Grouper Aggregation Report, Michael Phelan 
• Apparent Preference of Tubastraea coccinea for Artificial Reef Habitats: Ecological Consequences of This 



Introduced Coral, Dr. Tonya Shearer  
• Planning, Organizing, and Executing an Artificial Reef Clean‐up Event, Nikki Hoier 



10:00   Break (coffee and beverages provided)   



10:30   Contributed Citizen Involvement in Artificial Reef Development and Monitoring Presentations 
• Our Underwater Desert in Martin County, David Powell 
• Mexico Beach Artificial Reef Association (MBARA), Robert L. Cox 
• Reestablishing an Artificial Reef Placement and Monitoring Program in Northeast Florida, Sue Wilcox 
• Quality Long‐term Monitoring on a Shoestring Budget, Dr. Janet Phipps 



12:00   Concluding Remarks, Dr. William Seaman, Jr., Professor Emeritus, University of Florida 



12:15  Adjourn 
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Acronyms
ACOE.....................Army Corps of Engineers 
ASR ......................Limited Artificial Surfing Reefs 
BBR ......................Bring Back the Reefs 
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INVITED SPEAKERS: Examples of Fisheries Management Applications 



Community Structure & Population Demographics of Reef Fishes at Artificial Reefs off Northwest 
Florida 



Patterson, W.*1, Addis, D.1, and Dance, M.2 
1Department of Biology, University of West Florida 



 2Department of Marine Biology, Texas A&M, University at Galveston 



Reef fish community structure and population demographics were examined at 27 artificial reef sites 
located between 15 to 20 nm south of Santa Rosa Island, Florida within the Escambia East Large Area Artificial 
Reef Site (EELARS). Study reefs were a subset of reefs built in spring 2003 by the FWC in the EELARS. The FWC 
did not advertise locations of these sites to the public in hopes of creating no‐harvest refugia for exploited 
fishes. Reefs were composed of either paired goliath reef balls (total volume = 2.84 m3), paired fish haven 
pyramids (total volume = 4.90 m3), or a single concrete and rebar pyramid (4.09 m3). Three replicate reefs of 
each design were located in each of three depth strata: 27‐31 m, 31‐35 m, or 35‐41 m. All reefs were sampled 
quarterly from fall 2004 through summer 2008 with a micro remotely operated vehicle (ROV) equipped with a 
laser scale. Video samples from the ROV were analyzed in the laboratory to estimate taxa‐specific fish densities 
and to estimate fish size distributions from laser data. Over the course of 4 years of sampling, 134,698 individual 
fish belonging to 99 taxa were counted at study sites. Red snapper was the predominant reef fish present 
(occurring in 98% of all video samples), both in terms of numerical abundance (25.6% of all individuals) and 
percent biomass (42.8% of total estimated biomass). Other abundant fishery species (%abundance, %biomass) 
were vermilion snapper (5.3, 5.2), greater amberjack (3.4, 6.8), gray triggerfish (3.4, 6.1), gray snapper (2.2, 4.2), 
lane snapper (1.1, 0.9), gag (0.8, 5.2), scamp (0.5, 1.2), and red grouper (0.4, 3.1). Fish diversity generally 
increased across the study period, but annual peaks in diversity occurred in summer when invertebrate and algal 
fouling communities were most dense on reefs. 



 
A tagging study also was conducted at 9 study sites to estimate reef fish site fidelity and dispersion. Fish (n 



= 3,115) were tagged quarterly from fall 2004 through 2007, while recaptures (n = 86 at study sites; n = 249 
elsewhere) were reported through December 2009. Among the most frequently tagged fishes, red snapper (n = 
211 recaptures) displayed the lowest site fidelity and greatest movement (mean ± SD = 29.4 ± 4.6 km), while 
gray triggerfish (n = 53) displayed the highest site fidelity and least movement (7.9 ± 2.6 km). Grouper (n = 29) 
were intermediate to those two fishes with respect to site fidelity and movement (19.5 ± 10.3 km). 



 
Lastly, a fishing experiment was conducted by advertising coordinates of 9 study reefs to the fishing public 



in spring 2007. Estimated piscivore biomass declined by 46% at experimental (i.e., fished) reefs after spring 
2007, while planktivore and invertivore biomass increased by 96% and 56%, respectively. Estimated 
instantaneous disappearance rates computed with catch curves indicated that mortality (y‐1) increased 20.5% 
for red snapper and 17.3% for gray triggerfish at experimental versus control reefs following the advertising of 
experimental reef coordinates to the public. However, high disappearance rates for red snapper indicated that 
their low site fidelity likely exposed them to high regional fishing mortality rates even prior to releasing 
experimental coordinates, thus negating any potential refuge effect. The opposite was true for gray triggerfish, 
thus indicating fishes that display high site fidelity may benefit even from small‐scale protected areas. These and 
the study results described above have important implications for the role of artificial reefs in the fisheries 
management, which will be discussed. 
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Lee County Experimental Red Grouper Habitat 



McBride, J. D., Sr. Environmental Specialist 
Lee County Division of Natural Resources, Marine Services 



There are predominantly three species of grouper seen in Lee County waters, gag (Mycteroperca 
microlepis), goliath, (Epinephelus itajara) and red (Epinephelus morio). Gags are more commonly seen than reds 
and in greater numbers. It is our belief that the typical artificial reef constructed from secondary use concrete 
materials such as culverts or junction boxes, lends itself more to gags than reds. Red grouper are also noted at 
these artificial reefs, but in much smaller numbers and frequency. However, using information from local 
fishermen and our own personal observations, red grouper are found in great numbers and frequency over flat, 
relatively featureless hard bottom. This habitat is typically exposed limestone covered with low profile corals 
and sponges and pockmarked with hollows, cracks and depressions of varying sizes and shapes. The red grouper 
squeeze into these small openings and feed upon the invertebrates that inhabit this type of habitat.  



 
Lee County recreated this type of habitat by constructing 35 large concrete slabs, ranging in weight from 2 



tons to 10 tons and in size from 4’x6’x12” to 10’x10’x18”. Limestone rubble (2”‐6”), concrete blocks, large (10”) 
and small (2”) diameter pipe were all placed in the top and sides of the slabs to increase the complexity and 
mimic the natural areas we had observed. Ideal deployment was designed to place the slabs in close proximity 
to each other to simulate a large expanse of hard bottom habitat. 



 
Deployment conditions were not ideal when the slabs were deployed within Charlotte’s (fka North) reef 



site on June 26th, 2003. As a result the slabs were spaced further apart that we had hoped. Post‐deployment we 
have performed 12 roving‐diver surveys recording species and abundance as well as material condition and 
subsidence of the materials. 



 
Throughout the surveys we have seen the expected diversity across all fish species that we would expect 



from a typical low‐profile reef in Lee County. Initially we noted a much higher number of gag grouper than 
anticipated. This was very surprising to us as we did not think there was enough vertical profile to attract and 
hold large numbers of gag. We also did not note a large a jump in red grouper as we had hoped in the initial 
years. However, in recent surveys, we have seen large numbers of Red Grouper. We are not certain if this is 
attributable to the reef design as we have been noting larger numbers of Red Grouper at all reef sites, not just 
the slabs. . This increase in red grouper corresponds with data from the Gulf of Mexico Fishery Management 
Council June 2007 SEDAR Grouper Assessment Review which included Red Grouper. We are also observing that 
over half the slabs are now even with the surrounding sand bottom. There are some areas where it is obvious 
that the grouper are actively sweeping areas away sediment, preventing the slabs from succumbing to the sand. 
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Artificial Reef Development and the Steinhatchee Fisheries Management Area 



Lindberg, W.J. *1, Marcinek1, D., Biesinger1, Z. and Christman2,  M. 
University of Florida 



1 Program in Fisheries & Aquatic Sciences, School of Forest Resources and Conservation 
2 Department of Statistics 



The configurations of artificial reefs and harvest of fishes alter ecological processes that operate across 
spatial and temporal scales. Therefore, the science addressing practical reef issues is germane to contemporary 
ecological theories, and those theories can inform the design and use of reef systems to meet fisheries 
management objectives. As an example, habitat selection theory has an extensive ecological literature, some of 
which includes applications to fisheries science. This body of theory, which has several variants (e.g. ideal free 
distribution, density‐dependent habitat selection, ontogenetic habitat shifts, the basin model and foraging arena 
theory), is directly relevant to artificial reefs in the context of fisheries management, including issues such as 
attraction‐production, essential fish habitat, life history bottlenecks and regulatory mechanism in population 
dynamics. The practical relevance of habitat selection is illustrated by the Steinhatchee Fisheries Management 
Area (SFMA), a permitted large‐area artificial reef site (~100 sq. mi) in the Florida Big Bend. The SFMA has been 
designed to test, and hopefully alleviate, a hypothesized demographic bottleneck for pre‐reproductive gag 
(Mycteroperca microlepis). Construction of up to 500 “conservation reefs” is to begin in 2010, while annual 
monitoring of previously constructed, standardized reefs is already yielding useful results. Forty standardized 
reefs bracket the Big Bend as fishery‐independent monitoring stations, and reveal a previously unrecognized 
geographic pattern in gag distribution, north to south, likely related to the natural hard‐bottom habitat available 
to gag transiting the shallow continental shelf. A 9‐year time‐series of fishery‐independent data from the 
Suwannee Regional Reef Systems, just to the south of the SFMA, confirms a declining trend in gag abundance 
since 2001, consistent with ecological theory and the recent gag stock assessment, although recent strong year 
classes are indicated. Furthermore, 2006‐2007 sampling of natural reefs that varied in intrinsic habitat quality 
found fewer gag than expected on high quality sites, consistent with a depleted fishery stock. Thus, positive 
effects of the conservation reefs on gag demographic rates, due to density‐dependence, are expected to be 
associated with strong year‐classes and a recovered fishery stock. 



 
Habitat selection is not the only theoretical framework of consequence to using artificial reefs for spatial 



management in fisheries; others include food web dynamics, top‐down and bottom‐up community interactions, 
and landscape connectivity. However, habitat selection is mechanistically nested within these theories, and also 
helps to explain spatial variation in fishing mortality. As such, a holistic concept of artificial reefs best serves the 
effective use of habitat enhancement across spatial and temporal scales. We further contend that ecologically 
effective use of artificial reefs is not a substitute for the effective management of direct and indirect fishing 
mortality. 
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CONTRIBUTED PAPER SESSION 1: Fisheries Management and Artificial Reefs 



Utilization of Obsolete Vessels as Artificial Reefs to Restore Oculina Varicosa Habitat 



Barnette, M.* 
Association of Underwater Explorers 



Artificial reefs have been utilized for centuries to enhance fishery resources and fishing opportunities. 
Recently, artificial reefs have also been employed to restore marine and estuarine habitat areas. Reefs have 
been created utilizing natural shell material, in order to establish oyster reefs in areas where natural reefs have 
been impacted or destroyed by fishing and dredging activities (Southworth et al., 2001). There have been 
successful efforts to manipulate or repair near‐shore environments by placing reef structure to suppress wave 
energy, thus reducing erosion and promoting beach growth (Harris, 2003). In other instances, concrete modules 
or limestone boulders have been used to restore coral reef communities impacted by ship groundings (NOAA, 
1999). An experimental effort to restore deep‐water Oculina varicosa coral habitat impacted by fishing activities 
off the central eastern Florida coast utilizing Reef Balls™ and small concrete discs has also been attempted 
(Koenig, 2001). While initial results indicate that the structures are attracting groupers, snappers, and 
amberjack, it is questionable if they are successful at providing adequate quality habitat for actual O. varicosa 
settlement and growth. 



 
The availability of large obsolete or decommissioned steel vessels may present an opportunity to effectively 



restore O. varicosa off the central eastern Florida coast. In contrast to Reef Balls and concrete modules/rubble, a 
sunken vessel presents abundant and complex surface area for coral settlement. Furthermore, the significant 
vertical relief presented by a sunken vessel deflects strong currents and creates numerous eddies that may 
facilitate coral feeding, in turn promoting O. varicosa settlement and growth. A large sunken vessel also presents 
a significant deterrent to illegal trawling activities, which are believed to impact O. varicosa habitat. Finally, a 
large sunken vessel is easily located, which facilitates monitoring efforts that may be hampered by numerous 
smaller, discrete artificial reefs in deep, high‐current marine environments. This paper examines the efficacy of 
deploying a large obsolete vessel as an artificial reef to restore deep‐water O. varicosa coral habitat on Oculina 
Bank. 
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“Why birds don’t live in doghouses? Which Habitat for Which Species: Artificial Habitat Examples 
from Japan and France” 



Pioch, S.* 
Ifremer‐ Egis Eau, Visiting researcher Nova Southeastern University, 



Oceanographic Center, Dania Beach, Florida  



The main goal of most artificial reefs is provide habitat, a space where life can develop and be sustained, for 
target species (usually fisheries species). In nature, fishes have specific preferences for different habitats during 
their life i.e., ontogenic stages and/or for spawning, feeding or refuge. To optimize AR design requires 
functionally mimicking the natural relationships between habitat and species. 



 
In 1652, Japanese chronicled the Joo emperor recommended sinking an old boat and dumping boulders to 



enhance fisheries production. These practices continue today in many countries. However, during the last 60 
years, Japanese scientists, through research, optimized their knowledge between target species and artificial 
habitat and changed their development of artificial reef (called artificial habitat in Japan) construction and 
design. Some of their conclusions regarding habitat design and pelagic, demersal or benthic species on hard 
substratum will be presented here, 



 
 In France, using Japanese’s theories, of adapting habitat for target species, a new generation of artificial 



habitat is being produced primarily to increase targeted fisheries species. Further, in addition to this primary 
goal a complementary goal has been initiated: underwater landscape integration. I will present a recent model 
of artificial habitat which was designed with these goals in mind and installed on Sept. 4th 2009 in Agde, France, 
Mediterranean Sea. 



 
Acknowledgement to Prof. Richard Spieler, Nova Southeastern University, Oceanographic Center, Dania 



Beach, Florida. 











  6



Recovery of the Goliath Grouper (Epinephelus itajara) Population of Florida: Significance of 
Artificial Reefs 



Koenig, C.C.*, Coleman, F.C. and Kingon, K.C. 
Florida State University Coastal and Marine Laboratory 



We evaluated the distribution, abundance and habitat association of the recovering goliath grouper 
(Epinephelus itajara) population in the coastal waters of Florida based on research dive surveys (N = 695) 
coupled with those submitted to the Reef Environmental Education Foundation (REEF) by volunteer divers over 
the past 15 years (N = 27542). We used the research dive surveys (2004 to 2008) to verify the accuracy of the 
combined REEF surveys by both experienced and inexperienced volunteers (2004 to 2008), and found good 
correspondence between the two data sets. The recovering population initially increased off southwest Florida, 
directly offshore of the high‐quality mangrove nursery of the Ten Thousand Islands. From there the population 
grew to the north and south, eventually increasing off Florida’s central east coast. Most tagged adults (N = 2044) 
and juveniles (N = 2963) show extreme site fidelity, both in mangrove nursery (Koenig et al. 2007) and on 
offshore reefs. However, some showed movements of great distances (10s of kilometers) which appear related 
to spawning migrations and emigration from juvenile to adult offshore habitat. It is clear that a dominant factor 
in recovery is high‐quality mangrove habitat. The highest abundances were found on high‐relief artificial reefs, 
followed closely by high‐relief ledges; abundances were relatively low on low‐relief structure and on both high‐ 
and low‐relief coral reefs. Understanding these patterns of population recovery, movement, and habitat 
association ensure appropriate management policies, and encourage appropriate recovery plans in other 
countries where the species remains critically endangered (IUCN). 
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Fisheries‐Independent Monitoring of Reef Fishes on the West Florida Shelf:  A Programmatic 
Overview and Preliminary Results from Sampling Artificial and Natural Habitats 



Keenan, S.*, Switzer, T., Flaherty, K., Winner, B., McLaughlin, G. and McMichael, Jr., R. 
Florida Fish and Wildlife Conservation Commission (FWC), Fish and Wildlife Research Institute 



Many reef fishes found along the west Florida shelf are extensively targeted by commercial and 
recreational fisheries; however, unique life‐history strategies of reef fishes, combined with acknowledged data 
limitations, complicate management efforts. During 2008, a comprehensive survey initiative was implemented 
to monitor reef fish populations through a cooperative partnership between the FWC – Fisheries Independent 
Monitoring (FIM) program and the NOAA National Marine Fisheries Service (NMFS). The sampling strategy relies 
upon the use of multiple sampling methods to target important life‐history stages that range from post‐
settlement juveniles in estuarine habitats to fully‐recruited adults in neritic waters. Sampling effort covers a 
broad spatial scale along the Florida Gulf coast. Estuarine sampling of juveniles involved additional sampling 
within areas currently surveyed by FIM (Apalachicola Bay, Tampa Bay, and Charlotte Harbor) as well as 
expanding monitoring efforts into St. Andrews Bay and the Big Bend region. Juvenile reef fishes are sampled 
with 183m seines set along shoal habitats containing seagrass and 6m otter trawls pulled over seagrass. Neritic 
sampling (10‐110m) is partitioned by targeted habitat strata: low‐relief, soft sediments and high‐relief and/or 
hard bottom habitats. Low‐relief habitats are sampled using 13m SEAMAP otter trawls with spatial coverage 
from the Florida‐Alabama border to waters south of Charlotte Harbor. While trawling does not specifically target 
reef‐associated species, many species are found near low‐relief areas during ontogeny (e.g., juvenile red 
snapper, Lutjanus campechanus). High‐relief and/or hard bottom neritic sampling targets pre‐fishery recruits 
and fully‐recruited individuals in association with structured habitat and is conducted in the waters off Tampa 
Bay and Charlotte Harbor. This sampling expands the spatial coverage of surveys already being conducted in the 
northeastern Gulf and shelf‐edge areas by NMFS. Gear types utilized on these habitats include chevron traps, 
stationary underwater video/stereo cameras and vertical hooked gears. While these monitoring efforts are 
directed toward natural hard bottom habitats, results will provide a basis to compare community structure and 
function between communities associated with natural hard bottom and those of artificial habitats. This can be 
accomplished through specific research projects. 



 
During the summer of 2009, FIM began sampling hard bottom habitats in the Tampa Bay region as part of 



an effort to characterize species assemblages associated with habitats normally under‐represented in routine 
seine/trawl sampling. Monthly stratified‐random sampling occurs with Z‐traps near both artificial and natural 
hard bottom habitats within the bay and near‐shore waters. In addition, targeted hook‐and‐line effort is being 
incorporated to evaluate bycatch composition and collect species/sizes not normally caught in traps. Results will 
be presented which describe catch composition of selected economically important species between artificial 
and natural hard bottom habitats.  
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Monitoring Faunal Utilization of Artificial Reefs in Tampa and Sarasota Bays, Florida 



Leverone, J.* and Peatrowsky, S. 
Sarasota Bay Estuary Program 



Five artificial reefs were created in lower Tampa and upper Sarasota Bays during the first half of this 
decade. Each reef was constructed of “reef balls” arranged in an oval pattern of duplicate 4, 8, 16, and 32 reef 
ball configurations. Seasonal diver surveys were conducted to monitor reef utilization by finfish and invertebrate 
populations.  



 
Diver surveys were conducted from March 2006‐March 2007. Survey conditions were often restricted due 



to adverse weather patterns resulting in reduced visibility across all of these shallow water reef systems. A red 
tide (Karenia brevis bloom) entered the bay during 2005‐2006 and severely reduced native finfish and 
invertebrate communities. This provided an opportunity to initiate our assessments on relatively depauperate 
reef systems and reduced the effect of reef “seasoning” on faunal abundance and distribution among reefs with 
different deployment dates. 



 
Reef size (# of balls/site) influenced colonization and retention of finfish and invertebrates across reef 



systems. Larger reefs had higher total abundance and species diversity. Faunal density, however, tended to 
decline across reef systems and season as reef surface area increased. 



 
Reef location influenced species colonization and distributions patterns. Tampa Bay reefs tended to provide 



habitat for sub‐adult and adult life stages, while Sarasota Bay reefs generally served as habitat for juvenile finfish 
and invertebrates. These patterns of reef utilization may be influenced by the reef’s proximity to the Gulf of 
Mexico. 



 
Seasonal patterns in faunal composition were evident. Reef fauna during winter and spring was dominated 



by juvenile finfish and invertebrates. During summer and fall, reefs had lower numbers but larger sized finfish. 
Invertebrates dominated all reefs during fall. These seasonal shifts differed between Tampa and Sarasota Bay 
systems. Seasonal patterns in invertebrate composition at Sarasota Bay reefs were strongly influence by the 
blue crab (Calinectes sapidus) in spring and summer and the stone crab (Menippe mercenaria) in fall and winter. 
Crab abundance at Tampa Bay reefs was generally lower than Sarasota Bay reefs and was dominated by stone 
crabs. 



 
These results suggest that these artificial reef systems serve as important seasonal habitats for both finfish 



and invertebrates in Sarasota and Tampa Bays. Future surveys will improve our understanding of faunal 
utilization of these artificial reef habitats. 











  9



Using Reef Structure to Enhance Reef Function 



Cuba, T.* and Waters, L. 
Stillwater Research Group, Inc. 



It is a widely published fact that Tampa Bay has experienced heavy losses in both seagrass and mangrove 
habitats since 1950. During the same time, water quality also deteriorated, then partially recovered. What is less 
well understood is the effect, due to burial, that excessive filling for finger canal subdivisions has had on the low 
relief ledges that typically occurred in the near‐shore shallows (8 to 15 ft). Remnant ledges can be found in areas 
less impacted by development activities and have been documented to support large numbers of larger juvenile 
and subadult grouper, snapper, and grunt. In more recent years, mangroves and seagrass have been protected 
and restored. Water quality has improved dramatically. Artificial reefs have been deployed using culverts and 
Reefballs among other materials with large cavity size. The result is that the habitats for the very young and the 
mature grouper, snapper, and grunt have been enhanced but the habitats for the midsized to subadult have 
been overlooked. 



 
Stillwater Research Group, Inc, funded by the Gulf of Mexico Foundation, with support from local 



government and business, designed and deployed an artificial reef in shallow waters east of Egmont Key in 
Hillsborough County. The design included cavities of varying sizes designed to provide shelter for fishes in the 4 
to 8 inch range. Cavities were specifically designed to be too small for larger carnivores. Several variations were 
installed in order to allow for the comparison of designs. Results show that the design provides habitat which 
completes the ontogenetic pathway of bay grouper, snapper, and grunt. Catchable fish populations can be 
expected to increase by providing refuge to the recruiting subadult populations. Once incorporated into general 
management efforts, this type of structure can be expected to improve overall fisheries management success.  
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River Reefs:  Martin County’s Inshore Artificial Reef Program:  
A Fisheries Management Approach to Restoring Estuarine Nursery Habitat 



Martin1, T., FitzPatrick2 , K., McCarthy1, A. and Harkanson*1, B. 
1 CSA International, Inc.  



2 Martin County Coastal Engineering Department 



In recent years, the availability of suitable nursery habitats for the diverse larval/juvenile pool of South 
Atlantic Fisheries Management Council (SAFMC)‐managed fish species found in Martin County, Florida has 
decreased at an alarming rate. The St. Lucie River Estuary alone has lost over 340 acres of productive oyster reef 
habitat – vital habitat for juvenile fish species and invertebrates that serve as a food source for sub‐adult and 
adult fishes. The Martin County Board of County Commissioners has a long‐standing Artificial Reef Program 
(MCARP) that has been developing since the early 1970s when the first offshore artificial reef site was 
established. Since that time, the program has grown to include near‐shore and, more recently, inshore reef sites 
as part of the River Reefs Program in recognition of the need for diverse habitats to support each stage of finfish 
ontogenetic development in hopes of replenishing finfish stocks in Martin County and southeast Florida.  



 
In 2004, MCARP designed and constructed the first River Reefs inshore artificial reef using relic oyster shell 



and Mini‐Bay Reef Balls™ for the purpose of enhancing essential fish habitat (EFH). From 2005 to 2006, two 
additional sites were constructed using oyster cultch material (composed of relic shell, steel, and concrete 
rubble) and Bay Reef Balls™. One site, the St. Lucie Oyster Reef Restoration (SLROR) Site, consists of 88 
individual oyster reef patches in two areas of the central estuary. Oyster densities in 2007 were measured to be 
400 adult oysters/m2, meaning over 1 million individual oysters recruited to the patches over a 2‐year period. 
These oyster densities are comparable to oyster reef habitats in undeveloped sections of the Loxahatchee River.  



 
In June 2009, Martin County was awarded more than $4 million in Federal funding from the National 



Oceanic and Atmospheric Administration (NOAA) for the Martin County Oyster Reef Restoration Project 
(www.oysterrestoration.com) as part of the American Recovery and Reinvestment Act of 2009. This project will 
restore over 24 acres of oyster reef habitat using oyster cultch material in the St. Lucie River and Loxahatchee 
River Estuaries. Construction began in August 2009, and initial monitoring indicates colonization by obligate and 
facultative oyster reef resident invertebrates and demersal fish species. Preliminary data currently being 
collected by project partners on habitat utilization and colonization is anticipated in early 2010. A review of 
MCARP, the role of the River Reefs Program in fisheries management, lessons learned from inshore reef design 
and construction, and a status update on the latest project will be presented.  
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Biological Impact of a Red Tide Event on a Natural and Artificial Reef 



Mathews, H.* and Patterson, S. 
St. Petersburg College 



In 2005 the Gulf off Tampa Bay experienced a severe Red Tide fish kill. This kill occurred in early spring after 
a strong thermocline had developed several meters off the bottom out to about 10 meters of depth. On inshore 
reefs with large fish populations, the dead fish sank below this thermocline and rapid decomposition resulted in 
a low oxygen event that killed almost all of the benthic invertebrates on both artificial and natural reefs. Sand 
bottoms and hard bottom communities with low fish densities escaped the low oxygen kill. Two hard coral 
species were the only survivors, along with the benthic algae populations on both reefs. The artificial reef off 
Clearwater Beach and a small hard bottom community just inshore from the artificial reef had large schools of 
small bait fish in the Menhaden Family. In most past Red Tide kills, most of the fish killed floated to the surface 
and usually washed up on the beach, but since most of these small bait fish killed fell apart so quickly, they sank 
below the thermocline and depleted the oxygen to almost zero. The production of hydrogen sulfide was so high 
on these reefs that divers reported their rings and necklaces turned black, so the hydrogen sulfide levels may 
have added to the kill. Two species of hard coral, the Staghorn coral Acropora and the Star Coral Siderastrea 
survived the low oxygen kill, possibly due to the zooanthellea within their tissues. These two corals turned 
white, but in several months regained their natural color.  



 
The author and his student assistant were making regular check out dives on these two reefs with his 



college scuba class, so they began making fish and invertebrate counts to document the recovery after the kill. 
By late fall of 2005 it was apparent that the fish kill had a significant negative impact on the local diving 
economy, so questionnaires were sent to local dive shops and dive boat captains. Most dive shops reported up 
to 40% reduction sales for the remainder of 2005 after the kill, while dive charter boat captains reported up to 
50% losses. This study found that while the fish populations returned to similar levels by the following spring, 
the invertebrate populations were much slower to return, and with some species have still not returned after 4 
years. In addition, some of the invertebrate populations were significantly different after the kill. 



 
The fact that some of the populations changed after the kill point out the need for establishing base line 



data on both the vertebrate and invertebrate populations on our near‐shore reefs, both natural and artificial. 
With the very real possibility that Florida may soon allow oil drilling within 3 miles of our coast, such base line 
data on our reefs before a disaster is vital. 
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INVITED SPEAKERS: State and Federal Regulatory Permitting 



Environmental Resource Permitting for Artificial Reefs 



Smith, J. 
Florida Department of Environmental Protection 



The construction and placement of artificial reefs require an Environmental Resource Permit and Sovereign 
Submerged Lands authorization from the Department of Environmental Protection for artificial reefs 
constructed in state waters (within 3 miles on the Atlantic coast, 9 miles on the Gulf coast). The Environmental 
Resource Permitting Program addresses dredging, filling, and construction in wetlands and other surface water, 
as well as stormwater and surface water management systems in uplands. The program is designed to ensure 
that activities in uplands, wetlands and other surface waters do not degrade water quality or degrade habitat for 
aquatic or wetland dependent wildlife. In addition to issuing a regulatory permit, the Environmental Resource 
Program is also tasked with processing the Sovereign Submerged Lands authorization, as needed. The two 
authorizations are processed concurrently.  



 
Artificial reefs may qualify for a Noticed General Permit if the project meets criteria and the specific 



conditions outlined in the Administrative Code. If the project exceeds any of the Notice General Permit 
thresholds or is unable to meet the specific conditions then a Standard General or Individual Permit will be 
required, which may have a longer review period. Artificial reefs generally qualify for a letter of consent for the 
Sovereign Submerged Lands authorization; however other rule criteria must still be taken into consideration. 
The application for are available on the Department’s web site.  



 
During the application review, the Department will typically request information regarding the materials to 



be used, the location of the proposed reef, the current conditions and existing natural resources in the subject 
area, deployment methodology, and best management practices. In order for the Department to deem your 
application complete, we must have reasonable assurance that the material to be used for the artificial reef is 
clean and will not cause water quality violations and that the material is stable and will not move around and 
potentially damage adjacent natural resources. Some important information that the Department is looking for 
in the permit application include the results of detailed habitat assessments (SCUBA surveys, fish counts, side 
scan and other remote sensing techniques), an evaluation of essential fish habitat and description of protected 
species protection measures, detailed description of the materials proposed to be deployed, stability analysis 
and an evaluation of the past performance of other similar materials, a description of the proposed tow, 
anchoring, and sink plan, and a description of the oversight and other measures of reassurance the permittee 
will be able to provide during construction and long‐term monitoring of the artificial reef permit area. Since 
artificial reef development does not fit exactly into the standard questions on the ERP form (developed primarily 
for wetland impacts), and due to the variable nature and uniqueness of artificial reef planning and development, 
applicants are strongly encouraged to have a pre‐application consultation with the department to review the 
proposed informational needs for each artificial reef permit proposal. The final permit will contain conditions 
which will include requirements for preconstruction meetings, cargo manifest and pre‐deployment notification, 
and monitoring of the reef and adjacent resources, amongst other conditions. 
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U.S. Army Corps of Engineers – Artificial Reef Permitting Process 



Lawrence, B. 
U.S. Army Corps of Engineers, Jacksonville District 



A permit is needed from the U.S. Army Corps of Engineers (Corps) to deploy material for artificial reefs in 
waters of United States. The Corps is authorized to issue artificial reef permits pursuant to Section 10 of the 
Rivers and Harbor Act and Section 404 of the Clean water Act. The extent of the Corps jurisdiction for permitting 
artificial reefs extends from the mean high water line to the outer continental shelf. 



The basic form of authorization for an artificial reef is a standard permit (the general permit 50 (SAJ 50) is 
no longer valid). Processing and evaluating the proposal can be completed in three steps: pre‐application 
consultation (for new reef sites or material not previously used), formal project review, and decision making. 
Applicants are strongly encouraged to contact their local Corps of Engineers field office and the Florida Fish and 
Wildlife Conservation Commission Artificial Reef Program staff prior to submitting a permit application.  



This presentation will provide guidance on each of the recommended steps for submittal of permit 
applications for artificial reef construction, the timeline for permit review, a description of the standard list of 
minimum material types, and other information on the review, consultation, processing, and issuance of permits 
from the Corps for artificial reef construction in Florida.  
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Charting of Artificial Reefs 



Forster, K. 
National Oceanic & Atmospheric Administration, Marine Chart Division/Office of Coast Survey 



The Office of Coast Survey of the National Oceanic and Atmospheric Administration’s (NOAA’s) National 
Ocean Service (NOS) is congressionally mandated to produce nautical products for U.S. waters. Our mission is to 
ensure safe navigation by maintaining approximately 1000 nautical charts. 



 
Permits issued by the U.S. Corps of Engineers (USACE) are the sole source for charting obstructions 



classified as artificial reefs/fish havens. The NOS treats Artificial Reefs and Fish Havens similarly. Upon receipt of 
a USACE public notice, cartographers will pre‐process the information checking for inaccuracies, completeness, 
and potential charting conflicts.  



 
Essential information is required for NOS to chart artificial reefs including accurate geographic positions 



(NAD83) and accurate dimensions of the reef (is the reef a square, circular or rectangular). NOS must also 
receive an authorized minimum clearance which is needed to portray the available water to the mariner. 
Accurate information allows NOS to verify that there are no conflicts with other charted item (i.e. safety 
fairways, anchorages, etc.). NOS charts the artificial reef at the start of construction. 
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CONTRIBUTED PAPERS SESSION 2: Lessons Learned and Adaptive 
Management Strategies 



The Economic Impact of Artificial Reefs in Southwest Florida 



Swett, R.*1, Adams, C.2 and Larkin, S.2 



University of Florida 
1School of Forest Resources and Conservation, 2Food and Resource Economics Department, 



3Florida Sea Grant College Program 



Many of Florida’s coastal counties have had artificial reef deployment and monitoring programs for several 
years. The reef systems that have resulted from these programs have proven to be important destinations for 
both recreational boaters and for‐hire boat businesses. Fishing and diving activities on artificial reefs in the 
northeast and southeast regions of Florida, and the expenditures associated with these activities, have been 
shown to be important sources of economic activity that benefit local coastal communities. This presentation 
reports on a socioeconomic analysis for the artificial reef systems located in the southwest region of Florida.  



 
A series of surveys were sent to private boat owners, for‐hire business owners, and for‐hire patrons who 



likely had boated and visited artificial reefs located off the coasts of Lee, Charlotte, Sarasota, Manatee, 
Hillsborough, and Pinellas Counties. The surveys were designed to solicit information regarding expenditures 
associated with trips to artificial reefs. Private boat owners were asked via a mail survey to provide information 
on the launch location, county of residence, number and length of trips, expenditures on most recent trip, 
location of expenditures, and other information. For‐hire business operators (six‐pack charter vessels, guide 
boats, party/head boats, and dive charters) were asked via mail and phone surveys to provide information on 
the numbers of trips taken to artificial reefs annually, the average number of clients per trip, and whether clients 
were residents or nonresidents. For‐hire patrons were asked via a web‐based survey to provide information on 
their most recent for‐hire trip, including the type of operator hired, county of residence, launch county, 
expenditures, and other information.  



 
The expenditure information was incorporated into an IMPLAN model to develop estimates of economic 



impact on a county basis. The information derived provides estimates of the jobs, incomes, business taxes, and 
economic output generated by activities associated with artificial reef usage. This information will be particularly 
useful to statewide and local agencies deciding how to best use scarce funding for competing programs.  
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Multi‐Purpose Artificial Reefs for Coastal Protection, Ecological and Amenity Enhancement 



Hearin, J.* and Mead, S.  
ASR Limited 



Traditional coastal engineering solutions have often had a negative impact on the beach, shoreline and the 
littoral environment. Multi‐purpose artificial reefs are near‐shore submerged breakwaters which provide 
protection from beach erosion while creating new habitat for marine life and providing increased recreational 
amenities such as fishing, diving and surfing.  



 
The use of multi‐purpose reefs is becoming more common in order to meet sustainability issues, such as 



limited sources for beach nourishment material.  
 
We describe the design and function of these innovative coastal structures with a focus on their 



environmental and ecological enhancement. Case studies of existing multi‐purpose reef projects in Australia, 
New Zealand and England are used to support the descriptions of their functions and impacts. Findings from 
peer reviewed technical journals and independent long term post‐construction monitoring programs will be 
presented to demonstrate the positive environmental and ecological impacts of the reefs. Proposed designs for 
some Florida communities including Cocoa Beach, New Smyrna Beach and Daytona Beach will also be 
presented.  



 
Multi‐Purpose artificial reefs offer coastal communities a more sustainable option to address their 



shoreline erosion issues while providing a new ecosystem for marine life and boosting recreational amenities.  
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Artificial Reef Optimization using Google Earth as a Collaborative Platform for Mitigation, 
Monitoring & More 



Barber, T.* 1, Chisholm, B. 2, Jadot, C. 3, Kirbo, K. 1, Krumholz, J. 4 and Lennon, D. 5 
1The Reef Ball Foundation, 2Florida International University, 3Reef Consultants Ltd., 
 4Graduate School of Oceanography, University of Rhode Island, 5Reef Ball Australia 



The Reef Ball Foundation, a public 501(c)3 non‐profit organization specializing in innovative use of artificial 
reef technologies, has implemented an innovative decision making tool using Google Earth (GE) coupled with a 
handheld GPS and digital camera. Our tool is designed to simplify the process of gathering and synthesizing a 
wide array information used to make managerial decisions when planning, creating, and monitoring artificial 
reefs.  



 
Open source software combined with GE allows project managers to rapidly circulate, filter and analyze 



pertinent information. This helps them to obtain accurate advice from experts around the world, facilitates 
stakeholder involvement, and improves the transparency of project design. Information can be organized and 
viewed spatially,   over time, using transparent overlays, and linked to pertinent images, websites or knowledge 
bases. The required hardware and software are inexpensive, easy to use and widely available. 



 
This GE based decision making tool has allowed Reef Ball Foundation projects to organize using a “team 



management” concept by seeking out expert guidance from resources spread around the world rather than 
relying completely on locally available experts/resources. The tool also provides a convenient medium by which 
to share our work with others attempting similar projects, so they can learn from our successes and failures. 



 
We present an overview of the process, along with links on where to obtain all the software and hardware 



required. Moreover, will also demonstrate how GE facilitates the assembly of monitoring photographs, marine 
charts, physical and biological models, and many other data sources. Finally using case studies, the Reef Ball 
Foundation demonstrates how this tool has been used for artificial reef project citing, deployment & monitoring. 
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Near‐shore Artificial Reefs of Sand Key, Pinellas County: A Case Study for Managing Mitigation for 
Near‐shore Hardbottom with Implications for Other Regions of South Florida 



Craft, J.* 
Coastal Planning & Engineering, Inc. 



With increasing coastal development and impacts to near‐shore benthic resources, artificial reefs are now 
widely used as a means of mitigating these impacts. Although Florida waters support over half of the nation’s 
artificial reefs there is still a need for accurate data in order to make decisions regarding construction materials, 
optimal siting and functionality of the installations. The greatest challenge in mitigation assessments involves 
determining how to best characterize the health and level of services provided by the damaged site in its natural 
state. Further, one must determine the rate of progression of natural recovery or succession of the mitigation 
site to conditions that would prevail had the damage or injury not occurred. As recovery rates are often 
dependent on environmental conditions and geographic location, specific data for ecosystem recovery and 
succession at mitigation sites for different regions of coastal Florida are needed to accurately determine permit 
conditions and mitigation requirements.  



 
The near‐shore artificial reefs off Sand Key in Pinellas County provide a case study for colonization rates of 



mitigation reefs on the west‐central gulf coast of Florida. A total of 16 artificial reefs were constructed between 
1997 and 2006 in order to meet state permit requirements for mitigation of impacts associated with beach 
renourishment activities. In order to determine at what age the artificial reefs off Sand Key successfully mitigate 
for loss of natural hardbottom impacted by project activities, the benthic communities on artificial reefs of 
different ages were sampled in 2007 and 2008 and compared to natural hardbottom sites.  



 
Analysis of trends in benthic communities resulted in the determination that the original permit 



requirement of two years for the artificial reefs to reach functional equivalency with the natural hardbottom 
was inadequate, as these reefs take closer to three years to mimic the surrounding natural communities. It is 
hoped that this information can be used in determining permitting and monitoring requirements for future 
coastal construction projects in the region. In addition, certain biotic functional groups can be used to determine 
age or successional phase of artificial and natural reefs. This study determined hydroids are primary colonizers 
on the artificial reefs in the Sand Key area and are only found in high density on the youngest installations. 
Octocorals appear to be the dominant organis on the artificial reefs, and exhibit a clear successional pattern that 
can be used not only to age the artificial reef, but also to provide supporting data on the age at which the 
artificial reefs reach functional equivalency with the natural hardbottom. 



 
In conclusion, permit requirements should be geographically specific as benthic communities differ from 



region to region, including structure and rugosity as well as types of benthos colonizing the substrate. The near‐
shore hardbottom of the central gulf coast of Florida are different from those of Broward and Palm Beach 
Counties on the Atlantic coast. Furthermore, differences exist even within regions of a county. Thus, specific 
regional data needs to be gathered and disseminated to coastal managers in order to accurately determine 
mitigation and other regulatory requirements. 
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Ex‐USNS Hoyt S. Vandenberg Design, Preparation and Deployment as Artificial Reef Substrate at a 
Permitted Site off of Key West, Florida 



Dey, J.* and Adryan, C.  
REEFMAKERS 



This is case history for the Vandenberg Artificial Reef Project deployed in Key West, Florida on May 27, 
2009. REEFMAKERS discusses lessons learned during this project including; the vessel acquisition process, site 
permitting process, vessel preparation planning, BMP planning, vessel preparation, and deployment of the 
vessel.  



 
We will review issues managed during the Vessel Transfer Application preparation and the process of 



interfacing with Florida Fish and Wildlife Conservation Commission (FWC) and with MARAD. Highlights of the 
ACOE/FDEP Joint Artificial Reef Application and FKN permitting process are evaluated. There were many 
practical lessons learned throughout the acquisition and permitting process and we have a unique perspective 
on how to streamline these processes. There were lessons learned during vessel surveying, inspection and vessel 
preparation planning. Several issues were encountered during PCB sampling plan preparation and BMP guidance 
incorporation into the vessel preparation plan.  



 
Various factors were considered during project design relative to maximizing benefit to the reef ecosystem 



along with benefit with regard to economic return on investment.  
 
Lessons were learned relative to the vessel preparation process and how to streamline the project timeline 



and budget. Materials of concern (MOC) abatement were performed using various production methods based 
on the specific MOC location and quantities. We will review man hours expended to abate each category of 
MOC and review of production plan for MOC abatement by type versus by location on the vessel.  



 
The execution of the vessel preparation work affects the project timeline. Issues like heavy weather 



planning and resource availability had various impacts on the project. Specific resources are required for each 
phase of vessel preparation. We will present the lessons we learned in selection of and utilization of these 
resources. 



 
REEFMAKERS will review the planning and execution of the vessel deployment plan that allowed for 



deployment of the vessel in the optimal location and orientation within the permitted area. During vessel 
transportation, anchoring and deployment processes there are key factors that can have a significant impact on 
the optimal execution of the plan.  
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CONTRIBUTED PAPERS SESSION 3: Citizen Involvement in Monitoring and 
Reef Development 



Big Fish Tails: A Goliath Survey of Reefs and Wrecks in the Gulf of Mexico 



Collins, A.B. 
Florida Fish and Wildlife Conservation Commission, Fish and Wildlife Research Institute 



The tendency to aggregate over complex, high relief habitat increases a species’ catchability and vulnerability to 
exploitation. The association between goliath grouper and artificial reefs has been well established, and 
historically, fishing efforts for this species were concentrated over wrecks or other man‐made habitat. 
Predictable aggregations and relative ease of harvest contributed to a rapid decline in population numbers, 
prompting managers to completely close the fishery in 1990. Since the moratorium, the goliath grouper 
population along the west coast of Florida has been showing signs of recovery; however, efforts to assess the 
status of the stock have been hindered by a lack of quantitative data. Assessing habitat associations, abundance 
and size distribution of goliath grouper allows for a more comprehensive understanding of the species’ ecology 
and recovery. This project was designed to gather these types of data within a defined geographic region along 
the central west coast of Florida, an area historically identified as a center of abundance for this species. Specific 
sites, ranging in depth from 7 – 48 m (21 ‐146 ft), were designated to include both natural and artificial habitat. 
Site features were mapped to investigate relationships between habitat characteristics and goliath grouper 
density. Sites are routinely surveyed throughout this ongoing study (November 2007 – present) in an attempt to 
detect seasonal patterns. During each survey, total number of observed goliath grouper is recorded and size 
distributions are assessed using underwater video. To gather data on movement, fish are also opportunistically 
tagged. Goliath grouper are more often observed over artificial habitat than over natural bottom (ledges). 
Goliath grouper have been present during 90% of artificial reef surveys but during only 35% of natural bottom 
surveys. The number of goliath grouper increased with site depth and site relief. At this time, over 165 goliath 
grouper have been tagged, and 16% have been resighted or recaptured. Time at large has ranged 1 ‐204 days. 
Most recaptures and resightings have occurred at the site of initial tagging, but fish have been recaptured up to 
125 miles from their initial tagging site. It is hopeful that these preliminary data will increase our understanding 
of the biology of this species and assist with future management efforts.  
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Goliath Grouper Aggregation Report 2009 Jupiter, Florida USA 



Phelan, M.* 
4465 SE Graham Drive Stuart, FL 34997 



Monitoring of goliath grouper (Epinephelus itajara) aggregation at four artificial reef sites located among 
the off‐shore reefs of Jupiter Florida was conducted during August through October, 2009. Aggregation behavior 
was observed during all dives at four artificial reef study sites consisting of steel hull ships or a steel barge. The 
largest aggregation consisted of 69 specimens being sighted during the full moon phase on September 4, 2009 
at the Zion Train – Esso Bonaire artificial reef corridor. Multiple occurrences of presumptive pre‐spawning 
behaviors such as pale and dark body coloration changes, stacking, and booming were noted on most dives. 
Aggregation totals and species behaviors are similar to the trends reported in 2008 Aggregation behaviors at 
other nearby Palm Beach County artificial reef sites were observed as well suggesting that the range of the 
aggregation behavior in late summer may be larger than previously reported. 



 
Keywords: Goliath Grouper, Jewfish, Epinephelus itajara, Aggregation, Spawning, Artificial Reefs, Jupiter 



Florida. 
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Apparent Preference of Tubastraea coccinea for Artificial Reef Habitats: Ecological Consequences of 
This Introduced Coral 



Shearer, T. * 
Georgia Institute of Technology 



The introduction of the orange cup coral, Tubastraea coccinea, into the Caribbean, western Atlantic and 
Gulf of Mexico and subsequent range expansion into federally protected reef habitats has largely occurred 
unnoticed. Since this species appears to preferentially inhabit artificial reef habitats, steel hull shipwrecks and oil 
platforms for example, the ecological consequences of this introduction have raised little concern. Biological and 
ecological characteristics of T. coccinea are consistent with qualities of highly invasive marine species and 
suggest this species has great potential to negatively impact native reef communities. Presence of this species 
has resulted in partial mortality of native corals through overgrowth and allelopathic competition, inhibition of 
recruitment by local species and reductions in biodiversity. In addition to its competitive dominance, T. coccinea 
is highly prolific, capable of producing sexual and asexual larvae throughout the year that can be locally and 
widely dispersed. Unlike most scleractinian corals, colonies of this species can be reproductive at a small size (2‐
10 polyps) contributing to rapid population expansions. The only documented predator of this species, the Indo‐
Pacific gastropod Epitonium billeeanum, has not been documented in the Caribbean. In addition, this species is 
azooxanthellate, and therefore not constrained in settlement location due to light requirements of symbiotic 
algae. More importantly, this characteristic allows this species to be unaffected by increased water 
temperatures while other scleractinian corals suffer from increased mortality due to bleaching.  



 
The current distribution and abundance of this introduced species are generally undetermined, especially in 



reef habitats in Florida. Recent surveys of several artificial reef habitats in south Florida and the Florida Keys 
have confirmed the presence of this species, including the USS Spiegel Grove, deployed in 2002. At one site, 
USCG Duane (Key Largo), thousands of T. coccinea colonies dominated significant portions of the wreck to the 
exclusion of virtually all native species in some areas. Despite the apparent preference for artificial substrate, 
this species inhabits natural substrates in Brazil, as well some areas throughout the Caribbean and northwestern 
Gulf of Mexico. Some institutions recognize the potentially negative effects of this species and actively remove 
colonies to minimize population increases. Since T. coccinea has the biological potential to become an increasing 
threat to native reef communities, efforts should be made to document and monitor this species to evaluate 
negative ecological impacts. 
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Planning, Organizing, and Executing an Artificial Reef Clean‐up Event 



Hoier, N.*1 and Gorham, J.2 
1Florida Institute of Technology, 150 University Ave., Melbourne, FL 



2Indian River County Coastal Engineering, 1801 27th Street, Vero Beach, FL 



An artificial reef clean‐up event can be an effective means to spark community interest and involvement in 
an artificial reef program, creating a sense of stewardship by  removing lost fishing gear and other debris from 
the reefs. Key factors to success include: 1) the early involvement of reef user groups through local fishing clubs, 
internet forums, and dive shops, 2) organizing the effort into dive tea with specific missions and objectives, 3) 
safety and emergency planning, and 4) a mechanism to thank and acknowledge participants and keep them 
involved in the artificial reef program. 



 
Indian River County has a modest artificial reef program that has deployed eight reefs since 1999 in 



approximately 70 feet of water 11‐13 miles offshore of Sebastian Inlet. With no immediate plans for additional 
deployments, a reef clean‐up event was seen as a productive way to keep up interest in the program. The 
Sebastian Inlet Sportsfishing Association (SISA) has been a consistent supporter of the County’s artificial reef 
program since its inception, and SISA board members took the lead in organizing the initiative. Volunteer divers 
and boat captains were recruited through the club its contacts, a local dive shop, and the Florida Sportsman 
internet fishing forum. The local dive shop, which participates in  project AWARE‐‐an environmental awareness 
program developed by  Professional Association of Diving Instructors (PADI), provided dive gear, air and nitrox 
fills, and for to document and quantify the debris collected. SISA provided funds to cover boat expenses for the 
volunteer captains, and Indian River County provided a vessel and staff time for their Coastal Resource Manager.  



 
On the date of the clean‐up event, 6 boats and 20 divers met at a staging area near the launch ramp where 



specific reef assignments and safety plans were discussed. Staying within no‐decompression limits, avoiding 
entanglement hazards and dealing with heavy debris were stressed. A working VHF radio channel was agreed to, 
and the fleet departed Sebastian Inlet for the reef sites. Participants kept in touch via VHF radio throughout the 
day, and met in the afternoon at the staging area to compare notes and quantify the amount and types of debris 
collected. This small scale effort, conducted entirely by volunteers, collected hundreds of feet of monofilament 
line, steel leaders, hook and sinkers, and an estimated five hundred pounds of anchors, line, and other debris. A 
fine time was had by all, dangerous and unsightly debris was removed from the reefs, and members of the 
community got a chance to become involved in their local artificial reef program. 
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Our Underwater Desert in Martin County 



Powell, D.* 
Vice‐President, MCAC Reef Fund, Inc. 



There are records dating back to the 1970’s showing materials being deployed for artificial reefs in Martin 
County’s vast deepwater desert. Permitted areas have been charted since then and named Donaldson, Ernst & 
Sirotkin in honor of fishing enthusiasts known as “Reeftirees”. Local businesses, civic groups and volunteers 
were building an underwater metropolis for marine life. Over the years, divers Dr. Lee Harris, Kerry Dillon, Merle 
Stokes and others performed still and video underwater photography. Their documentation verifies the artificial 
reef locations and monitors the condition of the reef materials. Reports are available on the MartinReefs.com 
website.  



 
MCAC Reef Fund, Inc. was established in 2002 as a 501(C3) corporation (mcacreeffund.org) to enhance the 



artificial reef program of Martin County. The selling of naming rights generates cash for the fund and all 
proceeds go towards artificial reefs. Members are John Burke, founder and president, Dave Powell, vice‐
president, and members Curt Croteau, Kerry Dillon, Joe Lehner and Karl Wickstrom. Our goal is “to obtain 
suitable vessels and materials to make artificial reefs in the deep waters of Martin County to improve 
recreational fishing, the offshore environment and tourism”. There are dozens of volunteers involved with our 
projects and fund raising events. We have had 3 very successful fishing tournaments and are busy selling the 
naming rights to future or existing unnamed artificial reefs. The fund works closely with Martin County to insure 
our long term strategy meets both of our goals. 



 
In 2003 new materials were added to the deep water (150‐190 ft) of the Sirotkin Site including a ship 



(Wickstrom), a tug (High Queen) and concrete railroad ties. Our recent successes include four 37’ tall obsolete 
steel Navy towers built and donated by Harbor Branch Institute in Fort Pierce. The towers are named Baratta 
Sight‐Sea‐Er, Debbie Schmidt, American Custom Yachts and Bausch American Towers. Six new reefs were 
deployed offshore in south county located midway between St. Lucie and Jupiter Inlets. All six reefs have new 
names: The Heap, Jack MacDonald, Shirley, Lentine, Fogel Capital Management and Ann Marie. All are local 
people interested in contributing to the program! Their generous contributions cover our deployment costs. 



 
This year’s new project is the tug “BIG AL” donated by American Custom Yachts. This 69’ 1954 vintage 



coastal tug’s propeller was sold for $3,000.00 and after a year of local contractors cleaning up the vessel, it’s 
ready to go. The naming rights were purchased by a local businessman, Ted Glasrud, covering nearly the entire 
cost of the project. The BIG AL will be deployed south of the Wickstrom, by a local tug operator, creating a long 
north‐south reef along with the 3 new 500 ton concrete rubble reefs out there looking for new names! Right 
now they are known as Alpha, Beta & Charlie. This year we published a brochure with reef names, latitude, 
longitude, water depth, and distance from the St. Lucie Inlet. It includes a location map listing all 62 artificial 
reefs for fishing and diving. This ongoing program of new artificial reefs is our welcome mat for migrating fish of 
all kinds to remain and enjoy the hospitality offered in Martin County’s underwater desert. Our vision is that 
future generations will be blessed with an abundance of offshore marine life due to our foresight and 
dedication. 











  25



Mexico Beach Artificial Reef Association (MBARA) 



Cox, R.L. 
MBARA, Board of Directors President 



The MBARA was formed in January of 1997 by a group of community volunteers in Mexico Beach, Florida. 
Since our establishment, we have deployed over 200 artificial reefs. The primary function of the organization is 
the conservation and environmental improvement of our natural and artificial marine reef systems in the Gulf of 
Mexico near Mexico Beach, but that is not all that has been done by our organization. Since inception, the 
MBARA has also worked very hard to conduct and promote scientific research and evaluation of reef designs, 
biomass development, and fish productions. 



 
The third function of the MBARA is educating the public about the importance of reef systems to the 



marine ecosystem, and the impact they have on the coastal communities where they are built. All parties 
benefit when the information on reefs is disseminated to the public. School children, the organization's 
members, and the general public need to know all about reefs and reef building in order to help promote 
conservation and environmental improvement of the marine reef systems.  



 
The MBARA is an IRS 501 (c) (3) non‐profit organization. We get our support through fundraising, 



contributions/donations, corporate sponsors/grants, and grants from the Florida Fish and Wildlife Conservation 
Commission. We concentrate our reef construction and monitoring in six active permit areas plus two inactive 
permit areas cooperatively managed by the City of Mexico Beach and MBARA. We have also expanded our reef 
deployment and monitoring into a large area artificial reef site managed by Bay County’s Artificial Reef 
Coordinator. 



 
The MBARA publishes its works on our website at www.MBARA.org and in monthly newsletters to our 



supporters. Our website provides public viewing of reef locations, monitoring reports, and underwater 
video/photography. 
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Reestablishing an Artificial Reef Placement and Monitoring Program in Northeast Florida 



Wilcox, S.* and Perkner, J.* 
Jacksonville Reef Research Team 



After more than a 5 year hiatus, the City of Jacksonville, reestablished it’s artificial reef program in 2009 
with a great deal of help from the Jacksonville Offshore Sport Fishing Club and Jacksonville Reef Research Team. 
The focal point of this effort was the placement of the tug boat Spike. Placement required significant community 
involvement and the donation of materials, vessel support, and thousands of volunteer hours in Spike 
preparation and deployment.  



 
The Jacksonville Reef Research Team helped with the Spike pre‐deployment survey, the placement survey, 



and the post‐deployment survey a month later. However, we have been doing a lot of Reef monitoring work 
during the City’s hiatus and since the last Reef summit. Our presentation will focus more broadly on our 
approach to deployment work, and the monitoring grant work we have done over the past 3+ years. We will also 
focus on pre dives we have done on our upcoming grant project site the Coppedge Reef.  



 
As mentioned above our presentation will briefly cover the deployment work and several completed 



monitoring projects from 2006‐2009. The monitoring findings provided us with some great insights on Artificial 
Reef biodiversity and fish populations across various sites and materials. The work will be featured through the 
data output form those monitoring projects as well as slides and video.  



 
We are also excited to preview our upcoming monitoring project at the Coppedge reef site. This site 



contains the Coppedge freighter (at 31.3 meters) plus over 150 concrete culverts and pill boxes spread over an 
area of over 100 meters in diameter. This is one of the most interesting monitoring projects we have 
undertaken. The focus is on one of our oldest reef placements in Northeast Florida. The Coppedge reef is 
located approximately 20 nm east of the inlet at Mayport Florida and rests at a depth at just over 24 meters. It 
was first documented and mapped nearly 20 years ago when it was newly deployed. This reef monitoring 
project will provide great insight to the long‐term stability and biodiversity of a ship placement versus concrete 
placement since they are within 100 meters of each other and have been deployed the same amount of time.  



 
Initial fish counts on the Coppedge already indicate over 25 species on a single series of dives with multiple 



sightings of Lionfish (invasive species). The Coppedge wreck itself appears to be in good shape (for 20 years of 
submersion) and holds a great number of game and tropical fish. We have both video and photographic 
documentation of this dive that we would share with Summit participants. 
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Quality Long‐term Monitoring on a Shoestring Budget 



Phipps, J. 
Palm Beach County Environmental Resources Management 



The Palm Beach County Reef Research Team (RRT) was formed December 1991. The RRT brings citizen 
involvement, PR, and support to the Artificial Reef Program. Originally the RRT members paid to go out and 
collect data; however since 1997 ERM has been successful in obtaining FWC Artificial Monitoring Grants to cover 
costs. The costs, over the last 6 years, were approximately $8,000/year staff time and $9,000/year in expenses. 
The majority of the costs (86%) are for chartering commercial dive boats. Comparable monitoring by a 
consulting firm would cost more than 20 times more. 



 
Other benefits include development of a long‐term affordable monitoring program. This data, although not 



research oriented, i.e., answering a specific question, is as valuable because it provide long‐term information. 
Management of the data has its own issues. Data management should be addressed initially and planned for in 
advance. The venue should be a relational database and ideally should be web‐accessible. A look at some of the 
fish data for Governor’s River Walk Reef is taken. This reef was initially 4 vessels deployed in 2002 and 
limerock/concrete “corridors” were added in 2005 and 2006. This enhancement of the reef is shown in the fish 
data. The RRT has monitored the reef from its initial deployments to today. 



 
One issue using volunteers is liability. Our approach is to have the RRT affiliated with a 501(c)3 



organization. All diving is aboard commercial dive boats, not private vessel, and RRT members are required to 
carry individual diver insurance. In conclusion, having a RRT takes a commitment on both sides, you to provide 
guidance, initial training, data/grant/contract management, and theirs to learn how to and collect quality data. If 
all parties are willing, you can have a very affordable and meaningful long‐term monitoring program. 
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POSTER SESSION 



Site Fidelity and Movement of Reef Fishes Tagged at Unreported Artificial Reef Sites 
off Northwest Florida 



Addis, D. and Patterson, W. 
University of West Florida 



A tagging study was conducted at unpublished artificial reefs (n=9) located 15‐20 miles south of Pensacola, 
FL. Reef fish (n = 3,110) were tagged with anchor tags on quarterly tagging trips from March 2005 to December 
2007 to estimate species‐specific site fidelity and movement. The most frequently tagged species were red 
snapper (n = 2,114), red porgy (n = 422), gray triggerfish (n = 267), and gag (n = 96). Eighty‐six tagged individuals 
were recaptured at tagging reefs on subsequent trips and fishers reported a total of 249 fish recaptured through 
December 2009 that were caught away from tagging reefs. Mark‐recapture modeling results indicate that red 
snapper displayed low site fidelity (21% y‐1), while higher site fidelity was observed but not quantified as an 
annual rate for groupers and gray triggerfish. Mean (± sd) distance moved for red snapper, groupers, and grey 
triggerfish was 29.4 km (± 4.6), 19.5 (± 10.3), 7.9 (± 2.6), respectively. Site fidelity and dispersion will be 
discussed in the context of the efficacy of unreported artificial reef sites to positively affect reef fish spawning 
stock biomass. 
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Snook Population Dynamics Utilizing Acoustic Tracking Technology 



Ault, E.*, Stoecklin, G., Whittington, J. and Young, J. 
Florida Fish & Wildlife Conservation Commission, Florida Wildlife Research Institute 



Previous research conducted by the Florida Fish and Wildlife Conservation Commission (FWC) involving 
common snook (Centropomus undecimalis) has evolved into a broad‐scale study, linking six major estuaries on 
the East Coast of Florida along with adjacent offshore habitat. The focus of this study is to develop a better 
understanding of the population dynamics for this species as it relates to movements and exchange rates 
between freshwater, estuarine, and coastal reef habitats. Acoustic tracking technology is the primary method 
being employed to gather information. This method requires establishing and maintaining a series of stations 
(acoustic signal receivers) that encompassed the entire sampling area. Inshore station placement was based 
mostly on the lay of the land, taking into account key access points, bottlenecks and peripheral channels. In 
regards to the offshore component of this study, factors influencing station placement were comprised of 
information acquired through our own visual surveys, coastal resource managers and reports from user groups 
(divers and fishermen). This information resulted in the targeting of both natural and artificial reef structures. In 
addition to our previously stated goals, we hope to better elucidate the role of these structures as it relates to 
the habitat usage of common snook. This study is being conducted as part of a wider effort involving multiple 
groups/agencies performing similar research. This regional coordination is known as the Florida Atlantic Coast 
Telemetry array (F.A.C.T.) and is aimed at tracking the movement patterns of numerous fish species within and 
between ecosystems. Because this collaboration is shared, every additional participant translates into an 
expansion of the acoustic network. From this partnership a more detailed understanding of the spatial 
distribution and connectivity between estuarine and offshore common snook populations can be obtained.  
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Fine‐Scale Movement and Habitat Data for Gag Grouper 



Biesinger, Z.*, Bolker, B. and Lindberg, W. J. 
University of Florida 



Fisheries models often treat demographic parameters as constant across large spatial scales. However, 
spatial variation in habitat‐dependent processes may be important to population dynamics, especially in species 
with spatially structured life histories. One reason for assuming process spatial homogeneity has been the 
logistic and technological challenges of gathering movement and landscape data at appropriate scales. Using 
acoustic transmitters and a fully submergible autonomous hydrophone array, we record 2‐ and 3‐dimensional 
position estimates to sub‐meter performance every several seconds for weeks at a time for grouper ranging 
>200m. 



 
During June through December of 2009 we acoustically tagged a total of 56 gag grouper living on 3 



experimental artificial reefs placed in sand‐bottom landscapes and 3 reefs in live‐bottom landscapes. Gag center 
their activity at the reef and forage about the surrounding landscape. With transmitters sounding every 2s we 
recorded individuals’ positions for 14 days. In conjunction with detailed water flow measurements (obtained 
from an Acoustic Doppler Current Profiler) and habitat maps (obtained from our side‐scan sonar imagery), the 
gag positional data can be used to relate movement metrics to landscape and environmental characteristics. We 
compare space‐use metrics (like utilization distributions or average distance to reef) of individuals in both sand‐ 
and live‐bottom landscapes, including temporal changes over daily and tidal cycles. Finally, measures of gag size 
and growth will allow us to link landscape type, gag behavior, and expected gag fitness. Understanding how 
individual movement relative to landscape features at such fine‐scales affects gag size and growth will improve 
fisheries models which incorporate spatial variation in demographic parameters. 
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Utilizing Side Scan Sonar as an Artificial Reef Management Tool 



Cuevas, K.*, Sanders, J. and Broussard, E. 
Mississippi Department of Marine Resources 



Artificial reefs generally occur over broad areas of water bottoms which is a challenge for reef managers. 
These man‐made habitats must be monitored to ensure compliance with U.S. Army Corps of Engineering 
permits and navigational clearance. Millions of dollars are spent on the deployment of reef material in 
Mississippi’s permitted public reef sites and future artificial reef development will continue as funding becomes 
available. With this large financial investment in artificial reef construction, it is critical that artificial reef 
deployments be monitored and assessed for stability and durability to determine the optimum material type to 
be used, and the proper positioning of these materials. Side scan sonar can map large areas relatively quick. 
Images obtained from side scan can provide detailed information on latitude and longitude, orientation of reef 
material, relief of material, footprint and scouring around the reef material. The artificial reef can be scanned 
over time to determine the degree of stability (movement or subsidence) and durability (degradation of reef 
material). This tool is also very instrumental in obtaining information due the effects of hurricanes. It allows 
Mississippi reef managers to accurately measure the damage to artificial reefs. Knowing the damage that 
occurred, reef managers can acquire funding to rebuild the loss habitat. 



 
A total of 400 nautical miles of transects have been surveyed to date. The transect covers approximately 



11,000 acres of water bottoms. In Mississippi, side scan sonar is utilized to detect movement and subsidence of 
deployed material and provide accurate locations of all deployments surveyed. Accurate mapping of 
deployments has allowed reef managers to begin strategically placing materials different designs that 
researchers have found to be most productive habitat for reef fish.  
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Acoustic Monitoring of Near‐shore Natural and Artificial Reefs 



Dean, B. and Irlandi, E.* 
Florida Institute of Technology, Department of Marine and Environmental Systems 



Erosion of beaches, whether triggered by human activities or by natural events, is an issue of primary 
importance along the coast of Florida. Many millions of dollars are being spent on beach nourishment and sand 
by‐pass projects to mediate the impacts of both natural and anthropogenic processes that influence erosion on 
Florida’s beaches. While nourishment projects are seen as necessary to provide storm protection and restore 
eroded beaches, they are costly and the biological consequences of them are not completely understood. In 
particular, there is significant concern about the impacts of beach nourishment on near‐shore hard bottom 
habitats. If beach nourishment projects adversely affect these hard bottom areas, the projects are generally 
required to mitigate the impacts which may involve the creation of near‐shore artificial reef habitat. 
Unfortunately, assessment of the impact of beach nourishment on near‐shore habitats and the adequacy of 
mitigation efforts is hindered in part due to the difficulty in working in these high‐energy surf zones. Annual 
aerial photography and diver surveys are typically used to evaluate the extent of exposed rock reef and 
community composition of fishes, invertebrates and algae living on and around natural and mitigation reefs. The 
quality of aerial photos and the ability to delineate reef from sand is dependent on water clarity and sea surface 
conditions. These factors contribute to significant variability in photo quality from year to year thus influencing 
our interpretation of reef lines. Also, rough seas and poor visibility limit the frequency that divers can make in 
situ observations and limit the effectiveness of visual, video and still photography surveys. Finally, of great 
importance is our lack of knowledge regarding the natural intra‐annual variation in sand burial and exposure of 
these near‐shore reefs. We employed an acoustic ground discrimination system (RoxAnn®) and GPS to map 
bottom types in the near‐shore areas of a portion of Indian River County, including the County’s mitigation reef 
off of Vero Beach. RoxAnn® uses two echo returns to characterize the hardness and roughness of surfaces. By 
ground truthing, we created categories of bottom types corresponding to return signatures. An interpolation 
program was used to estimate bottom type for areas between survey points and to create point layers that 
could be imported into ArcMap. We determined the precision of the method and conducted multiple surveys of 
near‐shore areas to assess temporal and spatial changes in bottom types. While our efforts do not allow in‐
depth assessment of percent cover of epibiota specific to rock reefs (e.g., bryozoans, algae by species, tunicates, 
etc.), we were able to map the spatial distribution of several sediment types, bare rock surfaces, Sabellarid 
worm reef, sponge covered rock, and rock covered with two different algal morphologies over large areas under 
conditions of suboptimal visibility. Use of acoustics for monitoring in low visibility environments provides a 
means of conducting spatially and temporally intensive surveys over large areas to determine impacts of natural 
and anthropogenic processes that may affect near‐shore bottom types. Further development of acoustic 
techniques to assess changes in percent cover of epibiota is promising, but requires additional research. 
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Fish Surveys at Four Charlotte County Artificial Reef Sites 



DeBruler, Jr., R.*1, Staugler, E.2, Blackburn, B.3, Joseph, J.4 
1Charlotte County Government, 2Florida Sea Grant, University of Florida, 3Bluewater 



Environmental, LLC., 4Fantasea Scuba 



Artificial reef studies that incorporate reef structure and assemblage information to explain the reef 
community are useful as a management tool. This study was designed to describe the fish community by joining 
fish census and physical reef data.  



 
The study areas are located off shore of Charlotte County, Florida at the four predominate artificial reef 



sites, Novak (aka. Gasparilla) Reef, Palm Island Ferry Reef, Tremblay Reef, and Stump Pass Reef. The reefs are of 
different ages, depth, profile complexity, and are composed of concrete and steel materials. The ages range 
from five to seventeen years and the depths range from 30 to 60 feet. A total of 200 visual counts and 36 
mapping surveys, distributed over the four reefs, were preformed during 2008, and 2009. Four GIS maps were 
generated from the 36 mapping surveys.  



 
In the 200 visual counts, 46,509 individual fish were enumerated from 48 species comprising 24 families. 



The mean number of species observed per census was 20.25. The top five families included Groupers, Grunts, 
Snappers, Wrasses, and Porgies respectively. Seasonality was seen within the families and species, but was not 
seen in the total assemblages for each of the reefs. Seasonality was determined by water temperature rather 
than by calendar. The habitat complexity did not have an affect on the fish assemblage between the reefs.  



 
This study, by uniting the census and physical data, has provided preliminary data that demonstrates that 



reefs can be described by physical structure, dominate fishes, fish assemblages, and seasonality. 
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Coral Recruitment on Artificial Reefs off Fort Lauderdale, Florida 



Deis, D. R.*1, and Kosmynin, V.N.2 
1PBS&J 



2 Florida Department of Environmental Protection 



As part of mitigation for the installation of five telecommunication cables over the reefs off southeast 
Florida, thirty designed artificial reef modules were installed. These modules were installed at a permitted 
artificial reef site off Fort Lauderdale, Broward County, Florida, and were designed to compensate for impacts to 
scleractinian corals that could not be restored or remediated (such as where the cable could not be moved off of 
a stony coral and, subsequently, shades or touches a portion of the coral). When they were deployed in January 
2000, the modules were placed on the bottom in five groups of six modules each in a wave stable configuration. 
After four years, field measurements (Differential GPS coordinates and physical measurements between 
modules) confirm that the modules have not moved significantly from their installation location. The epibiota on 
the artificial reefs changed considerably (i.e., more species and coverage by different species) between year one 
and year four. The epibiota on the artificial reefs changed enough in year three to begin analyzing the quarter 
quadrats using PointCount’99© software. This analysis was repeated in year four. Overall in all 28 quadrats, 
macroalgae occupied 91.39% of the surface area; sponges, 7.89%; crustose coralline algae, 0.43%; hydrocorals 
(fire corals), 0.11%; scleractinians (hard corals), 0.11%; and octocorals (soft corals), 0.07%. Thirteen species of 
hard coral recruits were identified on the fourteen monitored modules. There was an average of about six 
species and twenty‐two individuals on each module with an estimate of 9.56 coral colonies per square meter. 
Thirty‐four species of fishes were noted on, in, and around the modules. Grunts (in particular, Tomtate, 
Haemulon aurolineatum, and French grunt, H. flavolineatum), Daelfishes (in particular, Blue Chromis, Chromis 
cyanea, Threespot Daelfish, Stegastes planifrons, and Cocoa Daelfish, S. variabilis), Goatfishes (in particular, 
Yellow Goatfish, Mulloidichthys martinicus), Wrasses (in particular, Bluehead wrasse, Thalassoma bifasciatum), 
and Snappers (in particular, Gray Snapper, Lutjanus griseus) dominated the artificial reef in numbers.  
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Spatial and Temporal Distribution of Macroalgae Colonizing Rock Revetments at 
Port Canaveral Harbor, Florida 



Holloway‐Adkins, K. *1, Scheidt, D.2, Garreau, C.2, Reyier, E.2 and Hanisak, M.D.1 
1Florida Atlantic University at Harbor Branch Oceanographic Institute, Fort Pierce, FL  34946 



2Kennedy Space Center Ecological Program, IHA Environmental Services, 
Kennedy Space Center, Florida 32899 



Artificial structures created from concrete, wood pilings, and rock retainer walls, frequently used in the 
construction of inlets and jetties, provide areas for the attachment of marine flora and fauna. At several areas 
within Port Canaveral, shorelines are lined with algae‐laden granite boulders that provide food and shelter 
resources for juvenile green turtles and herbivorous marine fishes. Cape Canaveral has been documented as a 
major temperate‐subtropical transition zone for several fish and macroalgal species. This study documented the 
spatial and temporal distribution of macroalgae colonizing areas of rock revetment lining the Port. Macroalgal 
samples (n = 594) were collected every 20 cm along twelve randomly selected transect locations, every 3 
months from June 2008 to March 2009. Transects were established perpendicular to shore, extending from the 
rock‐sand interface in approximately 2 meters of water, shoreward, to the high mean water line. Macroalgae in 
the study area are extremely‐turfed and sampling required a coring device and specially designed collection 
boxes. Results from the first year indicate that species composition was dominated by red algae (85%) and green 
algae represented approximately 14% of species composition. Brown algae were detected in minute or trace 
quantities in two samples (< 1%). The most frequently observed species were: Gelidium americanum, Gelidiopsis 
spp., Amphiroa fragilissima and Hypnea spinella. Results from the first year of this study indicate no significant 
differences in the temporal or spatial distribution of the macroalgal composition. We discuss the ecology of 
artificial habitats within inlet systems and their potential to provide shelter and food resources for a diverse and 
abundant aggregation of herbivorous fishes and sea turtles. 
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Assessment of Near‐shore Artificial Reefs in Okaloosa County, Florida by Volunteers 
Using Side Scan Sonar 



Jackson, L. S. 1, Parsons, G. H. 2, Davis, G. 2 and Crosby, K. 2 
1University of Florida Sea Grant Extension 



2Emerald Coast Reef Association 



The sea floor in the western panhandle region of Florida consists mainly of unconsolidated sediments, 
causing the counties in this area to support the creation of artificial reefs to provide habitat for local fish 
populations. Several issues have emerged with these sites, including inaccurate coordinates for the original 
deployment of materials, movement of reef materials by hurricane wave action, structure failure, and 
deterioration. 



 
Emerald Coast Reef Association, a local group of fishers and divers, partnered with Florida Sea Grant 



Extension to conduct a side scan sonar survey of selected near‐shore reefs in Okaloosa County during 2005. 
Presented are survey methods using recent innovations in side scan sonar technology as well as the survey 
results. 



 
Information systems in conjunction with the use of low‐frequency side scan sonar allowed for accurate 



location of previously deployed reef materials. High‐frequency scanning further refined reef material location 
and was used to evaluate reef condition. Side scan sonar surveys provided the foundation for future monitoring 
activities such as video and diving assessments. 



 
A number of the structures detected during the survey illustrate valuable lessons for artificial reef 



deployment and management. Care in the placement of reef materials during deployment needs to be 
prioritized in order for structures to function as they were originally designed. Cylindrical objects need to be 
deployed in deeper waters and modified to improve storm stability. Reef deployments made during the era of 
Long Range Navigation may not have been recorded accurately compared to today’s standards. Accurately 
calibrated navigational instruments and professional records are essential tools for future reef managers. 



 
Our experience from these surveys also indicates it may not be necessary to locate all lost reefs, even 



though fishermen and divers may benefit. Previous research studies suggest that lost reefs are utilized as de 
facto refugia, potentially benefiting fisheries stocks. Near‐shore, however, it is prudent to manage all reef 
structures closely due to the presence of natural reefs, trawling activity, and navigational lanes. 



 
The success of this survey suggests skilled volunteer groups can play a larger role in artificial reef 



management and monitoring. The capacity to execute these types of projects at the local level complements 
traditional research information from universities and government entities and is of great value to local artificial 
reef program managers. 
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Multibeam Investigation of Artificial Reefs Settlement Offshore the West Coast of Florida 
(Gulf of Mexico) and in Adriatic Sea (Italy) 



Manoukian, S.1, Fabi, G.1  and Naar, D.2 
1CNR‐Istituto di Scienze Marine, Sede di Ancona, Largo Fiera della Pesca 



 2 USF‐College of Marine Science 



Artificial reefs (AR) are becoming a popular biological and management component in shallow water 
environments characterized by soft seabed, representing both important marine habitats and tools to manage 
coastal fisheries and resources. Because of the unstable nature of sediments, they require a detailed and 
systematic investigation that acoustic systems can provide. An AR into the marine environment acts as open 
system with exchange of material and energy, altering the physical and biological characteristics of the 
surrounding area. The AR stability will depend on the balance of scour, settlement, and burial resulting from 
ocean conditions over time. The acoustic systems are efficient tools in monitoring the environmental evolution 
around AR, whereas water turbidity can limit visual dive and ROV inspections. High‐frequency multibeam 
echosounder offers the potential of detecting fine‐scale distribution of reef units, providing an unprecedented 
level of resolution, coverage, and spatial definition. In the present study two ARs deployed offshore the west 
coast of Florida, Gulf of Mexico, and in the Western Adriatic Sea, Italy, are investigated using the Kongsberg 
Simrad EM3000 and the new EM3002 respectively. The Gulf of Mexico surveys were conducted in 1999 and 
2007. The Adriatic Sea survey was conducted in 2006 and regards the first scientifically‐planned AR in Italy 
deployed during 1974‐75. A considerable scouring around the structures of both the ARs and some 
vertical/horizontal movements of the single units regarding the AR located in Adriatic Sea has occurred. 
Moreover a depression of the whole area hosting the Italian AR was observed.  
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Digitizing the Florida Artificial Reef Program Reference Library Using EndNote X2 



Mata, C.*, Mille, K. and Scott, C.  
Florida Fish and Wildlife Conservation Commission, Division of Marine Fisheries Management 



The Florida Fish and Wildlife Conservation Commission’s (FWC) Division of Marine Fisheries Management is 
tasked with providing technical support to all of Florida’s coastal governments involved in artificial reef 
development. One critical aspect of FWC’s technical support to the local artificial reef coordinators is to provide 
citations and references to aid in the planning, monitoring, on research of artificial reefs. Peer reviewed 
publications, grey literature, unpublished reports, and even historical newspaper or magazine articles, can be 
important reference material for artificial reef planning, report and grant writing, as well as researching the 
history of specific artificial reef deployments.  



 
Since the inception of the Florida Artificial Reef program, the reference library has been housed in a series 



of 3‐ring binders containing paper copies of reports and publications organized by general category. By 2001, 
with the emergence of .pdf files and electronic reports, the paper binders were increasingly supplemented by 
corresponding digital folders on the FWC intranet. In 2008 the FWC began the process of digitally scanning the 
paper files to .pdf and selected bibliography software called EndNote to help digitally manage the Florida 
Artificial Reef Program Reference Library.  



 
The EndNote software has quickly proven to be an extremely powerful tool for artificial reef information 



sharing and referencing. Linked directly to the Microsoft Office Suite, FWC staff can now quickly search and 
directly insert full citations into email and letter correspondence for stakeholders to quickly insert into reports 
and grant proposals.  



 
As of November 2009, the digital library contains 1,306 publications, consisting of 491 (37.6%) reports, 393 



(30.1%) journal articles, 153 (11.7%) magazine and newspaper articles, 112 (8.6%) conference papers and 
proceedings, and 157 (12.2%) other publications (e.g., newsletters, thesis, books, personal communications, 
legislative documents, bibliographies, pamphlets). Future development includes establishing keywords and 
notes to better facilitate reference search and selection.  



 
Attendees of the 2010 Artificial Reef Summit are encouraged to visit this poster during the poster session 



for a laptop demonstration of the EndNote software and to review the new FWC digital Artificial Reef Reference 
Library. 
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A Comparison Between Artificial Reef Boulders and Natural Hardbottom Communities in Broward 
and Palm Beach Counties 



Prekel, S. 



Coastal Planning & Engineering, Inc. 



In order to mitigate for anticipated burial of natural hardbottom due to beach nourishment, an 8.9‐acre 
artificial reef and a 3.1‐acre artificial reef were constructed in Broward County (BC) and Palm Beach County 
(PBC), in 2003 and 2004, respectively. Both reefs were constructed of limestone boulders; the BC reef was 
constructed using 4‐6 ft diameter boulders in 15‐20 ft water depth and was meant to mitigate for natural 
hardbottom in similar water depths, whereas the PBC reef was constructed of 3‐4 ft diameter boulders in 6‐8 ft 
water depth and was meant to mitigate for intertidal and subtidal hardbottom. The Benthic Ecological 
Assessment for Marginal Reefs (BEAMR) methodology was conducted on both artificial and natural reef systems 
in order to determine if and when the artificial reef approached, matched, or surpassed the functionality of the 
natural hardbottom benthic community. The near‐shore natural hardbottom in both counties is relatively low‐
relief (1‐4 ft). On the higher‐relief BC reef, the benthic community remained significantly distinct from the 
natural hardbottom as of five years post‐mitigation; however, similarity has increased notably over time. It was 
also noted that the BC reef appeared to be reaching a point of stabilization, i.e. less change has occurred 
between the most recent monitoring events. The lower‐relief PBC reef, on the other hand, could not be 
significantly differentiated from the benthic community of the surrounding natural hardbottom as of four years 
post‐mitigation. Quantitative comparison of the benthic communities indicates that similar substrate 
composition may not be enough to attain similar functionality between a mitigative artificial reef and 
surrounding natural hardbottom. The ultimate limiting factor may be attributed to the differences in structural 
complexity.  
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Fishes Inhabiting the Trident Submarine Basin and Adjacent Public Waters within 
Port Canaveral, East‐Central Florida 



Reyier, E.*, Scheidt, D., Holloway‐Adkins, K., Lowers, R., Garreau, C. and Gann, S.  
Kennedy Space Center Ecological Program, IHA Environmental Services 



Coastal deep‐water ports are often considered poor fish habitat due to high rates of anthropogenic 
disturbance but this view is rarely substantiated by empirical evidence. While entirely manmade and highly 
industrialized, Port Canaveral, east‐central Florida offers expansive artificial hard bottom substrates in the form 
of subtidal rock revetments and concrete wharfs with the potential to support a diverse assemblage of reef‐
associated marine fishes. The Port also serves as the only connection to the adjacent Indian River Lagoon system 
(via the Canaveral Lock) over a 140 km span of Florida coastline and thus appears to function as an important 
migratory corridor for estuarine‐dependant fish taxa. We are currently conducting a two year multi‐gear survey 
of military (restricted) and adjacent public waters within Port Canaveral to assess local ichthyofaunal richness 
and document seasonal abundance trends for ecologically and economically valuable fish species. Sampling 
consists of monthly otter trawls, bottom longlines, minnow traps, and chevron traps throughout the facility as 
well as quarterly underwater visual censuses, gill net, and rotenone collections within military waters only. 
During the first year of the study (April 2008‐ March 2009), a combined 11,694 fishes from 158 distinct taxa have 
been collected or observed. The most speciose families documented thus far include the Sciaenidae (dru and 
croakers, 14 taxa), Carangidae (jacks, 10 taxa), Serranidae (groupers and seabasses, nine taxa), and Gobiidae 
(gobies, eight taxa). Several economically valuable crustaceans were also recorded and no non‐native fish 
species have been documented. While catches are dominated by juvenile size classes, results also suggest that 
Port Canaveral supports high adult densities of certain fish taxa including common snook (Centropomus 
undecimalis) and goliath grouper (Epinephelus itajara) both of which are intensively managed. This study, which 
when completed will serve as one of the more rigorous faunal surveys of any deep‐water port in the S.E. United 
States, should provide insights as to how to manage, or in some instances, enhance fish habitat (and the 
economic benefits derived from them) in highly urbanized port facilities. 
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Reef‐Roc: Assessment of a New Design in Artificial Reefs of 
Natural Limestone 



Robinson, J.*, Robinson, L., Buskirk, B. and Spieler, R. 
Nova Southeastern University Oceanographic Center 



National Coral Reef Institute 



There are significant unresolved problems in using artificial structure to restore ship groundings and to 
mitigate near‐shore hardbottom impacted by beach renourishment. These problems include the formation of 
different fish and invertebrate assemblages, and ontogenic stages, on artificial reefs or pre‐impacted substrate. 
These new assemblages may, in turn, have a negative impact on neighboring biota on natural reef. Further, in 
the view of many, the artificial substrates currently in use do not meet requisite aesthetic considerations. The 
artificial reefs, proposed here, called “REEF‐ROC” by the inventor, are made of natural marine material, of 
similar weight as concrete. It is softer than limestone boulders and should provide substrate accessible to 
endolithic organisms. In its current form, this material mimics low‐relief near‐shore hardbottom and appears to 
be an ideal substrate for restoration and mitigation of coral reef, especially shallow nursery areas. What is not 
clear is if this appearance equates to functionality. Our ongoing research (initiated July 2009) examines the 
biological and physical effectiveness of this material and thus is a critical first step in evaluating this material for 
artificial reef management of fisheries and related resources. The experimental design would consist of 
quarterly comparisons of the fish and invertebrate assemblages (species richness and abundance by size class) 
on two replicate artificial reefs of 25m2 each with two replicate neighboring hardbottom patches of equal size. If 
it is actually as effective as appearances lead us to believe, this material will likely become the material of choice 
in artificial reef projects. 
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Effects of a Novel Invertebrate Substrate on Assemblages of Fish Associated with Concrete Modules 



Robinson, J.*, Robinson, L., Buskirk, B. and Spieler, R. 
Nova Southeastern University Oceanographic Center 



National Coral Reef Institute 



Most coral reef restoration efforts have concentrated on limited target organisms, e.g. returning coral 
populations, usually by transplant, or fish populations, by providing artificial refuge. Normally these restoration 
efforts do not make specific attempts to increase the non‐coral invertebrate assemblages. This study 
experimentally manipulated the natural cover of invertebrate epibiota, by the addition of a novel invertebrate 
substrate, on small artificial reefs (Reefballs®, 0.8 m height x 1.0 m diameter). Thirty‐two commercial concrete 
reef modules (Reefballs®) were deployed with one of four treatments: 1) with an artificial invertebrate substrate 
(AIS) and internal fish refuge (concrete blocks), 2) with only invertebrate substrate, 3) with only internal refuge 
and, 4) without added substrate or refuge (control). Control ARs had lower fish abundance and species richness 
than other treatments in all seasons. Though not statistically different, artificial reefs with AIS and block were 
higher in all seasons for abundance and richness than AIS or block alone. Treatment‐specific differences in 
abundances appeared to exist for some fishes particularly for four of the relatively abundant fish species 
(Thalassomma bifasciatum, Haemulon aurolineatum, Haemulon melanurum, and Stegastis partitus). Our results 
clearly support past research on the importance of refuge in structuring fish assemblages on ARs. It is also now 
clear that providing artificial invertebrate substrate to ARs will affect the associated fish assemblage as well.  
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Effects of Proximity and Depth of Placement on Benthic and Fish Assemblages on Miami‐Dade 
Artificial Reef Modules 



Sathe, M., Thanner, S. and Blair, S. 
Miami‐Dade County Department of Environmental Resources Management 



Prefabricated Artificial Reef Modules (ARM) have been deployed offshore of Miami‐Dade County for a 
variety of purposes including mitigation and fisheries enhancement. This study, conducted in 2009, sought to 
evaluate two relationships: 1) Influence of proximity of AR on fish assemblages and 2) Depth of placement of AR 
on both fish and benthic assemblages. The modules evaluated in this study are located in the Port of Miami 
Artificial Reef Site A (POM‐A) and the Bal Harbour Mitigation Site (BHM) in the Sunny Isles Artificial Reef Site. 
The POM‐A modules were deployed in July and August 1996 and the BHM modules were deployed in May 1999. 
Results of this study indicated that the modules in the four spatial arrays (less than 10’, 25’, 50’, and 100’ on‐
center) and two depths (25’ and 68’) supported abundant and diverse biological assemblages. The benthic 
assemblages at POM‐A and BHM were dominated by an algal “turf” coverage followed by sponge (Porifera) and 
then (to a much lesser extent) stony corals (Scleractinia) and soft corals (Octocorallia). The shallower POM‐A 
modules had more stony corals (mostly Oculina diffusa). Fish assemblages on all POM‐A spatial arrays were 
dominated by Haemulidae (Grunts) and Labridae (Wrasse). Gobiidae (Gobies) was most abundant on the deeper 
BHM modules. Overall, fish abundance was highest on modules that were closest together (i.e., less than 10’). 
This study provided information for evaluating the effectiveness of these reefs in meeting the objectives for 
which they were constructed and will assist in future artificial reef planning.  











  44



Spatial Implications of Artificial Reef Placement: A Red Snapper (Lutjanus Campechanus) 
Ecosystemsm and Fuzzy Rule‐based Model 



Shipley, J. B.*1 and Cowan, J. H.2  
1Texas Parks and Wildlife Department, Coastal Fisheries Division 



 2 Louisiana State University, Coastal Fish Institute 



The state of Alabama has the nation’s largest artificial reef programs, and it is estimated that there are 
between 8,000‐20,000 artificial reefs in the 4210 km2 Alabama artificial reef permit zone. However, little regard 
has been given to the effects of reef placement, and how the fish populations the reefs support may interact. In 
this study, models were used to simulate consumption requirements for red snapper on a typical artificial reef, 
and to examine variability in reef spacing and its effects on the spatial dynamics of foraging. To accomplish this 
goal I used bioenergetics, Ecopath with Ecosim and Ecospace, and fuzzy logic theory.  



 
A rough set theory model utilizing fuzzy sets was developed to investigate artificial reef placement 



based on fish ecosystem components. The model incorporates consumption estimates and presumed 
foraging behavior to provide a rule‐based approach to determine how far apart artificial reefs must be 
placed to eliminate density‐dependent competition for prey resources. Simulation of the ecosystem 
parameters and potential reef distances as triangularly defined fuzzy sets generates input into the 
rules. Then, based upon the strength of belief in a rule, the artificial reef placement location can be 
accepted or rejected as being conducive to consumption at the reef and foraging behavior of the 
species. Ease of utilization of the model is highlighted by spreadsheet application to a red snapper 
(Lutjanus campechanus) ecosystem in Gulf of Mexico waters off the coastal shelf of Alabama.  



 
This study on reef placement involves two aspects: 1) the development of a unique bioenergetics 



model for red snapper (Lutjanus campechanus) in Gulf of Mexico waters off the coast of Alabama 
where significant numbers of artificial reefs, although not totally documented, are thought to exist, 
and 2) a fuzzy rough set model by which parameters determined from the bioenergetics model can 
provide, through extensive simulations, a decision for optimal reef distances. By age class, the 
bioenergetics and consumption rates of red snapper foraging on artificial reefs in the Gulf of Mexico 
off the coast of Alabama provided input into the fuzzy rule‐based model. After conducting various 
simulations, highest certainty in optimal reef spacing was achieved for reef distances between 0.50 to 
0.95 km such that no more than 2 fit within a 1 km2 area. Implications exist for managing placement of 
artificial reefs to affect the health and survival of overfished species targeted by fisheries managers. 
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Microhabitat Use by Newly Settled Grunts (Haemulidae) and Other Taxa on Natural and Artificial 
Hardbottom in Southeast Florida 



Snyder, D.1* and Lindeman, K.2 
1CSA International, Inc. 



2Florida Institute of Technology 



Use of natural and artificial microhabitats was examined by comparing biotic and abiotic substrate 
characteristics within quadrats occupied by newly settled fish to substrate characteristics in randomly chosen 
quadrats within the same locations. Data were collected during summer months of 2003, 2004, and 2009 in 
coastal waters of Palm Beach County, Florida. Quantitative photography was employed to assess percent cover 
of substrates used by newly settled grunts (Haemulon spp., Anisotremus virginicus, A. surinamensis) and other 
taxa (Stegastes variabilis and Pareques spp.). Discriminant function analysis revealed that substrate 
characteristics of most sites occupied by fishes differed significantly from substrate characteristics of randomly 
chosen sites at natural and artificial locations. However, sites used by several taxa were poorly classified by the 
analyses. Newly settled Haemulon spp. preferred areas with detached algae, sand, and exposed hard bottom at 
the base of the natural or artificial structures. Our results indicate that for the areas studied biotic substrate 
characteristics were not an important element of microhabitat selection; but sand‐rock margins of hardbottom 
features were selected by most newly settled individuals. In addition, the effects of relief, water depth, and 
other physical factors on microhabitat use by newly settled grunts from ongoing studies will be presented. These 
data are being applied in management analyses to determine the efficacy of artificial hardbottom as partial 
mitigation for losses of natural hardbottom due to coastal construction activities. 
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Comparison of Fish and Benthic Assemblages on a Mitigation Artificial Reef and Adjacent Natural 
Reefs: Year 10 Post‐placement Assessment 



Thanner, S., Sathe, M. and Blair, S. 
Miami‐Dade County Department of Environmental Resources Management 



The Bal Harbour Mitigation Artificial Reef Project (BHM) was conducted as mitigation for sedimentation 
impacts to natural reefs sustained during a beach renourishment project. Deployed in 1999, BHM is composed 
of pre‐fabricated concrete and limerock modules arranged in a grid surrounding a large limerock boulder area. 
This study documents the current status as well as the historical account of the benthic and fish assemblages on 
BHM with comparisons to adjacent natural reefs. Consistent diversity, similarity, abundance, and cover were 
observed on the natural reefs indicating stable benthic and fish populations. As expected, BHM showed fast and 
remarkable changes during the first four years after placement with more gradual changes in the last six years, 
and now the artificial reefs support diverse benthic and fish assemblages. Fish assemblages on BHM and the 
natural reefs have not demonstrated increases in similarity during this study; rather distinct differences have 
remained after ten years. Fish assemblages on the artificial reef share many species with the natural reef areas, 
but the abundance of those species differ, with more Haemulidae and Gobiidae on BHM. Similarity between 
benthic assemblages, on the other hand, has continued to increase during the ten‐year study, although 
differences still remain. A significant contributor to these differences is the low octocoral abundance on the 
artificial reef materials. Differences in the physical characteristics (shape, relief, cryptic spaces, etc.) between 
BHM and the natural reefs are expected to continue affecting the extent to which the overall assemblages 
become truly similar. 
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Assessment of Potential Factors Causing Burial of Artificial Mitigation Reefs 



Vogt, J. 
Coastal Technology Corporation 



As beach erosion continues, beach nourishment remains the primary means for shoreline protection in 
Florida. However, as the filled beach profile equilibrates, sediment migration can result in the burial of natural 
hardbottom and habitat. Construction of artificial reefs is one accepted method to offset those impacts. The 
underlying goal of near‐shore hardbottom mitigation is to create a replacement habitat that will replicate the 
epibiota and fish assemblage structure found on local natural hardbottom. To accomplish this goal the physical 
habitat must be closely imitated, to include providing similar substrate, vertical relief, and structural complexity. 
However, mitigation sites are typically required to be placed as closely as possible to the impacted areas, likely 
within the near‐shore zone, subjecting them to a highly energetic environment and potential movement, 
settlement and even burial occurs as a result. When burial of the reef units occur, the mitigation reef no longer 
mimics that of the natural hardbottom for which it replaced, therefore, the structural characteristics and 
biological integrity of the reef is undermined and less efficient. 



 
The use of mitigation reefs is increasing and there is a need to refine mitigation reef design and monitoring 



standards. This study evaluates the potential factors causing artificial substrate burial which include: (a) vertical 
sediment displacement, (b) sediment deformation, and (c) sediment transport. In order to evaluate the three 
factors of burial, an assessment of the local environmental characteristics was conducted. The assessment 
included evaluation of the soil characteristics, water depth, wave climate, bathymetric surveys, beach profile 
data, jet probe data, and volumetric changes. An assessment following that protocol was conducted for a 
limestone boulder mitigation reef site in Indian River County, on the East Coast of Florida. This reef site was 
chosen due to its design complexity and prime subjectivity to seasonal harsh wave climates typical of the Florida 
East Coast. 



 
A primary issue noted in the study was the lack of data available for analysis. Several such mitigation reefs 



have been constructed in Florida; however, structural monitoring and data for this type of structure are limited. 
It is recommended that regulatory agencies streamline and standardize design and monitoring requirements to 
reduce the subjectivity involved when reviewing and permitting mitigation reefs.  
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Reestablishing an Artificial Reef Placement and Monitoring Program in Northeast Florida 



Wilcox, S.* and *Perkner, J. 
Jacksonville Reef Research Team 



After more than a 5 year hiatus, the City of Jacksonville, reestablished it’s artificial reef program in 2009 
with a great deal of help from the Jacksonville Offshore Sport Fishing Club and Jacksonville Reef Research Team. 
The focal point of this effort was the placement of the tug boat Spike. Placement required significant community 
involvement and the donation of materials, vessel support, and thousands of volunteer hours in Spike 
preparation and deployment.  



 
The Jacksonville Reef Research Team helped with the Spike pre‐deployment survey, the placement survey, 



and the post‐deployment survey a month later. However, we have been doing a lot of Reef monitoring work 
during the City’s hiatus and since the last Reef summit. Our Poster presentation will focus more broadly on our 
approach to deployment work, and the monitoring grant work we have done over the past 3+ years. We will also 
focus on pre dives we have done on our upcoming grant project site the Coppedge Reef.  



 
As mentioned above our Poster presentation will briefly cover the deployment work and several completed 



monitoring projects from 2006‐2009. The monitoring findings provided us with some great insights on Artificial 
Reef biodiversity and fish populations across various sites and materials. The work will be featured through the 
data output form those monitoring projects as well as slides and video.  



 
We are also excited to preview our upcoming monitoring project at the Coppedge reef site. This site 



contains the Coppedge freighter (at 31.3 meters) plus over 150 concrete culverts and pill boxes spread over an 
area of over 100 meters in diameter. This is one of the most interesting monitoring projects we have 
undertaken. The focus is on one of our oldest reef placements in Northeast Florida. The Coppedge reef is 
located approximately 20 nm east of the inlet at Mayport Florida and rests at a depth at just over 24 meters. It 
was first documented and mapped nearly 20 years ago when it was newly deployed. This reef monitoring 
project will provide great insight to the long‐term stability and biodiversity of a ship placement versus concrete 
placement since they are within 100 meters of each other and have been deployed the same amount of time.  



 
Initial fish counts on the Coppedge already indicate over 25 species on a single series of dives with multiple 



sightings of Lionfish (invasive species). The Coppedge wreck itself appears to be in good shape (for 20 years of 
submersion) and holds a great number of game and tropical fish. We have photographic documentation of this 
dive that we would share with as part of our poster presentation. 
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Economic Aspects Associated with Large Ship Artificial Reefs 



Huth*, W.1 and Morgan, A.2 
1University of West Florida 



 2Appalachian State University 



The USS Oriskany and the USS Vandenberg were the most recent large ships that were intentionally sunk to 
create artificial reefs. Large ships as reefs are unique in that in addition to the obvious fishery economic activity 
they also generate diving economic activity. Research is presented that documents the economic activity 
generated by the Oriskany after its sinking off of Pensacola  in 2007 and the Vandenberg after its sinking off of 
Key West in 2009. In both instances, a travel cost model is used to estimate the diving demand for the large ship 
artificial reefs. For the Vandenberg results are presented both prior to the sinking event (stated preferences) 
and after the sinking event (revealed preferences). Expected diving pressure shift from natural to artificial reef is 
measured as well. For the Oriskany, the economic valuation result from sinking another large ship nearby is 
developed and the economic impact of the ship settling deeper is measured as well. Finally policy implications 
for large ship reefing are suggested based on the economic valuation results and recommendations for 
additional research are made.  
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The Influence of Artificial Reef Associated Fish Assemblages and Varying Substrates 
on Coral Recruitment 



Quinn1*, T.P., Fahy2, E.G., Dodge2, R.E.  and Spieler2, R.E. 
1Broward County Environmental Protection and Growth Management Department 



2Nova Southeastern University 



This study examined enhancing coral recruitment to artificial substrate by manipulating fish assemblages 
and the use of coral attractant substrates. One hundred sixty artificial reef modules were organized into 40 four‐
module replicate configurations (quads) of varying complexity to induce different fish assemblages. The 
deployment array consisted of the 40 quads, each in a square configuration with three to four‐meter sides 
(approximately 1 m separation between modules) measured from the outside corners. The quads were divided 
into four fill treatments of differing complexity: Empty, Small, Mixed, and Large. Each quad had four potential 
coral attractant treatments on settlement plates: CaCO3, iron, coral transplants, and control. Each module in a 
quad contained a different attractant. Fish counts were conducted quarterly (January, April, July, October) for 
three years. During the study, fishes comprised of 166 species from 40 families were counted. Twenty‐six 
species accounted for 90% of the fish counted with bluehead wrasse (Thalassoma bifasciatum), juvenile grunts 
(Haemulon spp.), and slippery dicks (Halichoeres bivitattus) making up over 55% of the fishes counted. Fish 
abundance and species richness were significantly less on Empty treatment quads than the other three 
treatments while species richness was less on the Empty and Small treatments than the Mixed and Large. 
Because of low coral recruitment rates, a single survey was conducted at the end of the study period to record 
the number and species of coral recruits. A total of 186 coral recruits were counted on a sub‐sample of modules. 
Porites astreoides was the most abundant recruit (47.8%) followed by Agaricia agaricites (13.4%). Coral recruits 
were categorized by size and, based on an assumed 12 mm/yr‐1 coral growth rate, separated into year classes 
post reef deployment. Size classes were then compared with fish abundance data. Correlations were found with 
Year 1 coral recruits and daelfishes (Pomacentridae), reef butterflyfish (Chaetodon sedentarius), and grunts 
(Haemulon spp.). Additionally, correlations were found between Year 3 recruits and all fish species combined, 
and between Year 4 recruits and reef butterflyfish. Thirty coral recruits were counted on the settlement plates, 
with P. astreoides making up over 63% of the recruits. Due to the low number, rigorous statistical analysis could 
not be performed on the data; however, CaCO3 plates had almost twice the number of recruits than the other 
attractants. Recommendations from this study include design of artificial reef with holes and shadowed refuge, 
placement of reef near natural hard‐bottom or reef, and use of limestone aggregate to enhance coral 
recruitment. Additionally, coral transplantation may be an effective coral recruit attractant, but care should be 
taken in transplant species selection and collection methodology. 
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Texas Clipper Ship Artificial Reef Project: A Case Study 



Shively, J. D.* and Shipley, J. B. 
Texas Parks and Wildlife Department, Coastal Fisheries Division – Artificial Reef Program 



4200 Smith School Street, Austin, Texas, 78744‐3291 



The Texas Clipper ship began life as the USS Queens, a World War II attack transport ship. Shortly after the 
end of the war, the USS Queens was modified into a high end cruise liner and renamed the SS Excambion within 
the Four Aces fleet. After it completed it’s time of service as the SS Excambion, the vessel was then turned over 
to Texas A&M University for use as a maritime training ship and was again renamed as the Texas Clipper. 



 
In 1997, TPWD committed to acquire the Clipper ship for use as an artificial reef. In 1999 an initial 



application was submitted to the US Maritime Administration (MARAD). However, for various reasons the 
project was delayed until 2003. After another application submission and a hazardous materials survey, the reef 
site was permitted by the US Army Corps of Engineers in 2005.  



 
A third application was submitted in 2006 to MARAD and while awaiting the decision, the Clipper sunk on 



her stern in the harbor. TPWD worked with the Texas Governor’s Office and MARAD to raise the ship and patch 
the hole. After the ship was repaired, the US Environmental Agency (EPA) approved TPWD’s cleanup plan. 
Resolve Marine Services, Inc was awarded the contract to tow and reef the vessel. ESCO Marine, Inc was then 
subcontracted for the overall clean‐up and hull modifications. In November 2006, the Texas Clipper left 
Beaumont, TX for Brownsville, TX to begin remediation.  



 
During the clean‐up and remediation process all floatables, debris, asbestos, hydrocarbons, and PCBs were 



removed.  Total materials remediated consisted of 327,952 gallons of hydrocarbons and non‐hazardous liquid 
wastes (bilge water, etc), 400,310 pounds of waste (oil sludge, PCBs), and 3,090 cubic yards of solid materials 
(asbestos, debris, and floatables). 



 
After clean‐up, the ship was modified for reefing so that as much of the physical structure and detail 



remained as possible. All vertical structures were partially cut to allow for the required 50 foot clearance over 
the ship. Large openings were cut along upper decks to allow for water circulation and diver access. Interior 
spaces were cleared to prevent entanglement and allow for diver access. Over 700 tons of metal was removed 
during the process.  



 
Within the permitted reef site, the top of the vessel was designed to be 50 feet below the surface, making it 



a fairly shallow dive. Controlled flooding was used to reef the ship rather than explosives. Weather conditions 
adversely affected the reefing of the vessel, for when the valves were opened the ship listed to the port side. 
The Texas Clipper lies on its port side, with the shallowest depth to the hull being 66 ft.  



 
The University of Texas ‐ Brownsville conducts biological monitoring on the Texas Clipper to provide 



supplementary data for evaluating increased recreational fishing, diving, and tourism. Dives are made to 
quantify the growth of the fouling community, collect specimens, measure water quality parameters, and the 
survey the fish community.  
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In Memoriam



The 2010 Artificial Reef Summit is dedicated to the memory of Chris Koepfer, the long-time Lee County Arti-
ficial Reef Coordinator who passed away in 2009. Chris was a well-respected member of Florida’s artificial reef 
community and played a major role in establishing one of the most successful county artificial reef programs in 
the state. He is greatly missed by his family, friends, and colleagues.



“Chris maintained one of the best examples of a comprehensive, county artificial reef plan, which we have of-
ten used as a template for other counties around Florida getting new artificial reef programs up to speed,” said 
Keith Mille, an artificial reef coordinator with the Florida Fish and Wildlife Conservation Commission (FWC).



“As a member of the 2003 FWC Artificial Reef Advisory Board, Chris helped FWC develop our 2004 Florida 
Statewide Strategic Plan. He was also proactive in developing unique artificial reef designs, such as the Lee 
County red grouper modules, and the Lee County radio tower modules, now among the most popular fishing 
and diving sites in SW Florida,” Mille said.



“Chris also acquired valuable materials of opportunity, such as limestone boulders and concrete bridge mate-
rial. He was in the field as often as possible to follow up the county deployments with long-term monitoring to 
evaluate material and design performance.” 



“Chris was always to us a highly esteemed colleague and consummate professional. His opinion and insight on 
artificial reef issues was always greatly valued by us as was his friendship,” said Mille.



Chris Koepfer Education Fund Raffle
A raffle to help support the future educational expenses for Chris’s 



two daughters will be held during the summit.



The Guy Harvey Ocean Foundation has generously donated original 
artwork signed and numbered by the famous artist to support this 
endeavor.



This giclée print, titled “Bases Loaded,” is valued at $500. Summit 
attendees will have the opportunity to win it as well as other signed 
and numbered artwork by Harvey, Jim Barry, and other artists -- all 
while supporting a worthy cause. Raffle tickets are available at the 
summit for only $20 each, or $30 for two tickets. Entry into the raffle 
also entitles attendees to win other artwork and prizes!



Conference Organizing Sponsors



As chairs of the organizing committee, we welcome you to the 2010 Florida Artificial Reef 
Summit. With 1,357 miles of coastline, involvement by 34 different counties, and over 
2,500 artificial reefs deployed to date, Florida manages one of the most diverse and most 
active artificial reef programs in the United States. Because artificial reef development in 
Florida works with, and depends upon, a network of local partners, inter-county coordina-
tion and communication is critical to ensure successful implementation of statewide strate-
gic objectives for artificial reef development.  



This Summit occurs every 3 to 5 years and provides the format for local partners to meet 
and exchange information. It is a critical opportunity for the Florida Fish and Wildlife Con-
servation Commission Artificial Reef Program and Florida Sea Grant to disperse high-quality 
information, experience and program goals and objectives directly with all of Florida’s 
artificial reef stakeholders.  



This will be the eighth Summit. Previous summits were held in Daytona Beach (1979), 
Miami (1987), Tallahassee (1990 & 1993), Palm Beach (1998), Ft. Lauderdale (2001), and 
Sarasota (2004).



By all indications, this year’s may be the most successful yet. In addition to the numerous 
speakers and poster presenters, please take time to visit with our summit sponsors, who 
have generously helped make this event possible.
 John Stevely, Florida Sea Grant 
 Keith Mille, FWC



Cover Photo:  Robert Turpin, Director of Escambia County’s Marine Resources Division, descends 
at a depth of 97 ft alongside the control tower of the Oriskany Reef during the post-deployment 
inspection dive the day after the successful deployment completed by the Navy in partnership with 
the Florida Fish and Wildlife Conservation Commission and Escambia County.   Photo by Keith Mille, 
Florida Fish and Wildlife Conservation Commission, May 19, 2006.











These organizations are contributing to the research and outreach 
that supports  the wise development of artificial reef programs 



and sustainable management of Florida’s marine fishery.
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Introduction 
A clear understanding of contaminant levels in biota, the potential impact from exposure, and how contaminants 
accumulate and biomagnify through the food web is needed to protect threatened and endangered species, make 
meaningful decisions about cleanup of contaminated sediments and hazardous waste disposal sites, accurately 
assess and implement control of persistent, bioaccumulative, and toxic (PBT) pollutants, and assure the 
healthiness of seafood harvested from the Puget Sound. Ultimately, the effectiveness of cleanup and restoration 
programs, success of pollution abatement initiatives, and the potential impact of stormwater and other sources of 
contaminants on the health of the Puget Sound will be reflected in the well-being and condition of the plants and 
animals that live, feed, and forage in the waters of Puget Sound.   
 
To obtain data on contaminant residues and the biological condition of demersal fish and macro-invertebrates 
from selected areas of the Puget Sound, The Puget Sound Ambient Monitoring Program (PSAMP) and the 
Puget Sound Naval Shipyard & Intermediate Maintenance Facility (PSNS&IMF) Project ENVironmental 
inVEStment (ENVVEST) partnered to increase the data yield from fish trawl surveys conducted by the Wash-
ington State Department of Fish and Wildlife (WDFW) in 2003 and 2005. PSAMP is a multi-agency effort to 
monitor the spatial and temporal trends in contaminant exposure in Puget Sound fish and macro-invertebrates 
(WDFW 2003). Project ENVVEST is a cooperative watershed project being conducted by PSNS&IMF, the 
Environmental Protection Agency, the Washington State Department of Ecology, and other participating 
technical stakeholders to develop Total Maximum Daily Loads (TMDL), assess ecological risks, and improve 
the environmental quality of Sinclair and Dyes Inlets and its surrounding watershed (Johnston 2004).  
 
Methods 
ENVVEST biota sampling consisted of obtaining additional specimens from the PSAMP trawls and conducting 
a caged mussel study in Sinclair and Dyes Inlets (Johnston et al. 2005). During the 2003 and 2005 PSAMP 
surveys, samples of English sole (Parophrys vetulus), rock sole (Lepidopsetta bilineata), sand sole (Psettichthys 
melanostictus), ratfish (Hydrolagus colliei), surfperch (Cymatogaster aggregata), staghorn sculpin (Leptocottus 
armatus), graceful crab (Cancer gracilis), and sea cucumber (Parasticopus californicus) were collected from 
monitoring stations in the Puget Sound (Figure 1). In Sinclair Inlet (Figure 2), caged mussels (Mytilus 
galloprovincialis) were deployed from June – September 2005 (84 days) at locations adjacent to the Shipyard 
and at reference locations within Sinclair and Dyes Inlets. Indigenous mussels (Mytilus sp.) were also collected 
from three stations in Sinclair Inlet (Applied Biomonitoring 2007). In addition, data on polychlorinated 
biphenyls (PCB) levels in fillets from English sole from 2003 were provided by WDFW, and data on residues 
of PCBs and metals in blue mussels (Mytilus spp.) sampled from Puget Sound Mussel Watch (MW) stations in 
2000, 2002, and 2004 were obtained from the National Status and Trends Program (NOAA 2007).  
 
The ENVVEST samples from the 2003 and 2005 PSAMP survey and 2005 caged mussel study were analyzed 
for residues of PCBs, metals, and lipid content. Tissues were homogenized as individual whole body specimens 
(except for shiner surfperch which were composites of 2-3 fish) including shell for crabs and excluding shells 
for mussels. Samples for metals analysis were freeze-dried, milled, and about 500 mg was digested with nitric 
                                                      
1 Author to whom correspondence should be addressed: johnston@spawar.navy.mil; Paper presented at Georgia 
Basin – Puget Sound Research Conference, March 26-29, 2007, Vancouver, BC, Canada 





mailto:johnston@spawar.navy.mil








Report Documentation Page Form Approved
OMB No. 0704-0188



Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 



1. REPORT DATE 
MAR 2007 2. REPORT TYPE 



3. DATES COVERED 
  00-00-2007 to 00-00-2007  



4. TITLE AND SUBTITLE 
Contaminant Residues in Demersal Fish, Invertebrates, and Deployed
Mussels in Selected Areas of the Puget Sound, WA 



5a. CONTRACT NUMBER 



5b. GRANT NUMBER 



5c. PROGRAM ELEMENT NUMBER 



6. AUTHOR(S) 5d. PROJECT NUMBER 



5e. TASK NUMBER 



5f. WORK UNIT NUMBER 



7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Space and Naval Warfare Systems Center,Marine Environmental
Support Office -Northwest,Bremerton,WA,98310 



8. PERFORMING ORGANIZATION
REPORT NUMBER 



9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 



11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 



12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 



13. SUPPLEMENTARY NOTES 



14. ABSTRACT 
 



15. SUBJECT TERMS 



16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as



Report (SAR) 



18. NUMBER
OF PAGES 



10 



19a. NAME OF
RESPONSIBLE PERSON 



a. REPORT 
unclassified 



b. ABSTRACT 
unclassified 



c. THIS PAGE 
unclassified 



Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 











Port Orchard



WWTP



WWTP



Sinclair Inlet



Po
rt 



O
rc



ha
rd



 P
as



sa
ge



D
ye



s
In



le
t



Shipyard



Bremerton



PSAMP TRAWL
Mussel Watch
Caged Mussels
Indigenous Mussels



Port Orchard



WWTP



WWTP



Sinclair Inlet



Po
rt 



O
rc



ha
rd



 P
as



sa
ge



D
ye



s
In



le
t



Shipyard



Bremerton



PSAMP TRAWL
Mussel Watch
Caged Mussels
Indigenous Mussels



PSAMP TRAWL
Mussel Watch
Caged Mussels
Indigenous Mussels



Strait of Georgia



Vendovi



Port Gardner
Hood Canal



Elliott Bay
Sinclair Inlet



Commencement
Bay



Nisqually



PSAMP Trawl
Mussel Watch



Strait of Georgia



Vendovi



Port Gardner
Hood Canal



Elliott Bay
Sinclair Inlet



Commencement
Bay



Nisqually



PSAMP Trawl
Mussel Watch
PSAMP Trawl
Mussel Watch



Figure 1. Location of PSAMP trawl and mussel watch stations in Puget Sound.



Figure 2. Locations of PSAMP trawl, mussel watch, caged mussel, and indigenous 
mussel stations in Sinclair and Dyes Inlets.











and hydrochloric acids for a minimum of 8 hr. Digested samples were analyzed for total Hg by CVAA; Ag, As, 
Cd, Cu, Ni, Pb, and Zn were analyzed using ICP-MS; and Cr was analyzed using ICP-OES. For PCB analysis 
about 15 – 30 g of wet tissue was spiked with surrogate compounds and extracted three times with methylene 
chloride. The combined extract was dried over anhydrous sodium sulfate, concentrated, and processed through 
an alumina cleanup procedure by GPC/HPLC. The 2003 ENVVEST samples were analyzed by GC/ECD to 
quantify 26 congeners (BMSL 2004). The 2005 ENVVEST samples were quantified using GC/MS method-
ology based on EPA Method 1668A to obtain data on 26 congeners as well as the 10 homologs (Brandenberger 
et al. 2006a; b). English sole samples from the 2003 PSAMP survey were processed by WDFW as skin-off 
fillets with aliquots from 20 individuals composted into each sample. These samples were analyzed for lipids 
and PCBs using an HPLC/PDA technique that quantified 15 congeners and estimated Total PCB (J. West, 
WDFW, personal communication). The mussel watch samples were analyzed for lipids, 18 PCB congeners by 
GC/ECD, and metals (NOAA 2007). 
 
The sum of the ten homologs measured by GC/MS provided a definitive measure of Total PCB:  
Total PCB = ΣHCLi, where HCLi is the homolog concentration at each level of chlorination and i=1-10. A 
regression between Total PCB and the sum of the congeners measured in the same samples showed that Total 
PCB could be estimated: Total PCB = 2×ΣPCBi, where PCBi is the concentration of the measured congeners 
(Figure 3). The homolog distribution among the species analyzed varied (Figure 4). Hexachlorobiphenyls were 
the most abundant fraction, accounting for about 30-38% of the PCBs for all species; however, ratfish had 
higher fractions of tetrachlorobiphenyl (22%) and mussels had higher trichlorobiphenyl (22%).  
 
An estimate of Total PCB in MW and WDFW samples was obtained using twice the sum of measured 
congeners. Although 26 congeners were quantified in the ENVVEST samples versus 18 for MW and 15 for 
WDFW, the additional ENVVEST congeners mainly consisted of very low concentrations of coplanar dioxin-
like congeners that did not contribute very much to the sum. Additionally, all groups contained the most 
abundant congeners and the estimate of Total PCBs from congener data is consistent with other studies 
(O’Conner 2002). The PCB data from the English sole fillets (PCBFillet ng/g wet) were converted into whole 
body concentrations (PCBWB  ng/g wet weight) by assuming that the PCB concentration of the whole body was 
proportional to the lipid content of the fillet (f_lipidFillet g lipid/g wet tissue) : PCBWB = PCBFillet×3.44, where 
3.44 was the ratio of the average whole body lipid content measured in English sole (f_lipidWB, average = 
0.0193, n=51) to average fillet lipid (average = 0.0056, n=49). Similarly, PCBs in skin-off fillets were estimated 
from the whole body concentration: PCBFillet = PCBWB/3.44.  
 
Tissue Residue Benchmarks 
Tissue residue benchmarks were developed to assess the potential for ecological and human health effects 
(Table 1). Ecological benchmarks consisted of water quality criteria (WQC) -based tissue screening values 
(TSV) and bioaccumulation critical values (BCV), critical body residues corresponding to the no observed effect 
dose (NOED) and the lowest observed effect dose (LOED) for a fish or invertebrate species, and dietary 
benchmarks were set to the No Observed Adverse Effect Level (NOAEL) for the consumption of prey by black 
ducks, ospreys, and harbor seal pups. Benchmarks for seafood consumption of PCBs and Hg were protective of 
recreational and Tribal fishers (WDOH 2006).  
 
The TSV and BCV benchmarks based on WQC were developed by back-calculating the tissue residue that 
would occur if the water exposure was set to the chronic value, assuming bioconcentration factors (BCF) 
available from the literature were applicable (Table 1A): TSV or BCV = WQCChronic × BCF. Originally developed 
for conducting screening level ecorisk assessments at Navy sites (Shepard 1998; MESO-E 2000; URS 2002), 
the TSVs were calculated using the lowest freshwater or saltwater criteria in effect when the TSVs were 
developed (1996) and lipid-based BCFs that were assumed to be applicable to all aquatic species. Subsequently, 
TSV values for Ag, Cu, and Zn were recalculated to account for metal bioavailability (Dyer et al. 2000). The 
BCV benchmarks were calculated using the most recent saltwater WQC (USEPA 2002) and BCFs specific to 
marine invertebrates and fishes. The WQC benchmarks were generally lower than the tissue residue 
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Table 3. Benchmarks (ug/g wet weight) of ecological (A) and human health (B) effects for residues in fish and inverte-
brate tissues, or both (All). Blank indicates data not available to support benchmark development; * indicates UF applied.



Figure 3. Relationship between sum of measured 
congeners and Total PCB by sum of homologs.



Figure 4. Distribution of PCB homologs measured in 
fish and invertebrates.



A. Ecological Tissue Residue Benchmarks



TSV1 DBDuck
6 DOsprey



7 DSealPup
8



All Fish Fish Invert. Fish Invert. All Fish All
Chemical ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g
Ag 0.37 18.44 u* 9.22 u*



As 1.58 57.11 v 28.56 v



Cd 0.04 0.60 37.20 0.40 a 0.90 b 0.90 c 1.29 d 16.11 v 8.06 v



Cr 0.18 0.80 20.00 0.18 e 0.14 f* 0.44 g* 1.44 h* 11.11 w 5.56 w



Cu 3.00 0.62 12.40 1.68 i 3.40 j 1.96 i 4.00 k 522.22 x 261.11 x 68.25 aa



Hg 0.12 4.69 19.65 5.00 y 2.50 y 5.83 aa



Ni 0.39 0.39 16.40 2.83 l* 28.30 m* 860.00 v 430.00 v



Pb 0.06 0.40 81.00 2.55 n 4.00 o 4.02 n 20.35 p* 12.56 y 6.28 y



Zn 20.00 3.81 1620.00 161.11 x 80.56 x



Total PCB 0.44 3.02 0.94 1.50 q 0.60 r 2.20 s 1.10 t 2.00 z 1.00 z 0.80 aa



B. Human Health Benchmarks a Spehar et al. 1978, flagfish survival



b Rule and Alden 1996, grass shrimp survival



Rec9 Rec9 c Meteyer et al. 1988, sheepshead minnow dev.



Chemical ug/g ug/g ug/g ug/g d Carr et al. 1985, mysid growth



Hg 0.64 bb 0.50 bb e Buhler et al. 1977, rainbow trout physiology



Total PCB 0.13 cc 0.10 cc 0.74 dd 0.25 dd f Poulton et al. 1989, stonefly ED10×(UF=0.1)



1 Tissue Screening Value (TSV) based on water quality criteria (WQC) and bioaccumulation factors for aquatic species (URS 2002, Dyer et al. 2000).
2 Bioaccumulation Critical Values (Bcv) based on current chronic saltwater WQC and BCFs for marine fish (USEPA 2005) and bivalves (Thoman et al 1999).
3 NOED is the highest tissue residue that did not cause an effect to marine and freshwater fish and invertebrates. Footnoted references cited in ERED 2004.
4 LOED is the lowest tissue residue that caused an effect to marine and freshwater fish and invertebrates. Footnoted references cited in ERED 2004.
5 Concentraton in prey equal to NOAEL assuming 100% of diet obtained from single prey. Footnoted references cited in Sample et al. 1996.
6 Black duck (DBDuck) NOAEL assuming body weight (bw) = 1.25 kg, food consumption rate (f ) = 125 g/day, lifespan (L) = 1.0
7 Osprey (DOsprey) NOAEL assuming bw = 1.5 kg, food consumption rate f = 300 g/day, L = 1.0
8 Harbor seal pup (DSealPup) NOAEL assuming bw = 20.6 kg (Ross et al. 2004), f = 2.24 kg/day (2×adult f /bw), L = 1.0
9 Based on average ingestion rates for English Sole (11 g/day) by recreational 70 kg adult fishers with EF=365 day and ED=30 yr (WDOH 2006).
10 Based on 90th percentile ingestion rates for English Sole (14.07 g/day) by Suquamish Tribe 90 kg adult fishers with EF=365 day and ED=70 yr (WDOH 2006).



g Buhler et al. 1977, rainbow trout phys. ED50×(UF=0.5) h Poulton et al. 1989, stonefly ED10×(UF=0.75) i Hansen et al. 2002, rainbow trout fry dev.
j St.-Jean et al. 2003, juvenile mussel growth k Grout and Levings 2001, mussel growth l Wilson 1983, clam survival ED50×(UF=0.05)
m  Wilson 1983, clam survival ED50×(UF=0.5) n Holcombe et al. 1976, brook trout dev. o Sundelin 1984, amphipod survival  
p Ritterhoff and Zuake 1997, copepod surv. LC50×(UF=0.5) q Hansen et al. 1975, sheepshd. minnow surv. o Velduizen- and Holwerda 1991, mussel surv.
s Hansen et al. 1974, pinfish survival t Hansen et al. 1974, grass shrimp survival u Van Vleet 1982, mallard duckling 4 wk NOAEL×(UF=0.2)
v Sample et al. 1996, mallard duck NOAEL w Sample et al. 1996, black duck NOAEL x Sample et al. 1996, chicken NOAEL
y Sample et al. 1996, japensese quail NOAEL  z Sample et al. 1996, ringneck pheasant NOAEL aa Sample et al. 1996, mink NOAEL



bb Hg Reference Dose (RfD) = 0.0001 mg/kg/day (WDOH 2006) cc PCB RfD=0.00002 mg/kg/day WDOH '06 dd PCB cancer slope factor CSF= 2 (mg/kg-day)-1
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concentration that would be expected to cause an effect; therefore, residue levels below the TSV are assumed to 
pose little or no risk to aquatic biota (Shepard 1995, URS 2002, Dyer et al. 2000). 
 
Critical body residues are defined as the threshold concentration of a contaminant in the tissue of an organism 
above which adverse effects could occur (McCarty et al. 1992, Pabst 1999). Generally, the effect occurs as a 
result of narcosis (non-cancer effects) and can result in mortality (acute effects) or a reduction in fecundity, 
reproduction, or growth (chronic effects). Data from the US Army Corps of Engineers Environmental Residue-
Effects Database (ERED 2002) were used to develop benchmarks for critical body residues. The database was 
searched for effects on reproduction, growth, development, and survival. Results that were based on adult or 
juvenile exposure, whole body concentration, and ingestion or absorption were used, if available. Benchmarks 
were selected for the LOED and highest NOED (without exceeding LOED) for fish and invertebrates (Table 1). 
Uncertainty factors (UF) were used to make other effect levels (ELERED, e.g., ED50, ED25, etc.) comparable to 
NOEDs and LOEDs (U.S. EPA 1995, Sample et el. 1996): NOED = ELERED×UF; LOED = ELERED×UF.  
 
Dietary benchmarks for avian and mammal predators were derived from toxicity values of similar species for 
black ducks (Anas rubripes), ospreys (Pandion haliaetus), and harbor seal pups (Phoca vitulina), the most 
sensitive life stage for seals (Table 1A). The NOAELs for mink (Mustela vison - NOAELmink) were converted to 
effects levels for harbor seal pups (NOAELSealPup) by scaling the dose to the ratio of mink body weight (bw) to 
the bw of harbor seal pups: NOAELSeaPup = NOAELMink(bwMink/bwSealPup)¼ (Sample et al. 1996). Due to the 
similarity in toxicity values reported for avian species (Sample et al. 1996), the NOAELs for black ducks and 
ospreys were assumed to be equivalent to the NOAELs reported for other avian species. The dietary benchmark 
(TD) was calculated as the chemical dose in the food of a predator that would equal the NOAEL:  
TD = (NOAEL×UF)/(aRfDL), where a = chemical assimilation factor (0.9 for all chemicals), R = food ingestion 
rate (g food/g bw day-1), f = food consumption rate (g/day), D = fraction of diet (set to 1.0 for each prey item), 
and L = fraction of predator’s life span (set to 1.0 for each predator) (Sample et al 1996).   
 
Seafood benchmarks were developed with the exposure parameters used to determine the health risks of 
average recreational adult fishers (Rec) and the ninetieth percentile of Suquamish Tribal adult fishers (Tribe90) 
from consumption of Puget Sound seafood (Table 1B, WDOH 2006). The benchmarks were obtained by back 
calculating the concentration of PCBs and Hg in edible tissues (SC) equal to the allowable risk levels established 
by WDOH (2006) for non-cancer: SC = RfD(BW × ATNC)/(IR × CF × EF × ED) and cancer endpoints:  
SC = 10-4/CSF×(BW × ATNC)/(IR × CF × EF × ED), where RfD is the non-cancer reference dose (mg/kg/day, 
0.00002 for Total PCB and 0.0001 for Hg), BW is adult body weight (70 kg), ATNC is the non-cancer averaging 
time (days, 10950 for Rec and 25550 for Tribe90), IR is the ingestion rate (g/day, 11 for Rec and 14.07 for 
Tribe90, based on English sole ingestion rates by Urban, Near Urban, and Non Urban populations), CF is the 
conversion factor 0.001, EF is the exposure frequency (365 d/yr), ED is the adult exposure duration (yr, 30 for 
Rec and 70 for Tribe90), 10-4 is the cancer risk threshold, CSF is the cancer slope factor (2 (mg/kg-day)-1), and 
ATC is the cancer averaging time (25550 days). Total PCB in edible tissues of fish were estimated using the 
whole body to fillet conversion factor calculated for English sole (1/3.44). Total PCB in edible crab meat was 
estimated from crab whole body concentration by assuming that the crab meat had the same lipid content as 
lobster claws and tail (0.47%, MESO-E 2000). Whole body concentrations of mussels and sea cucumbers were 
used as the edible portion for PCBs. Because Hg does not necessarily partition to lipids like PCBs, there is no 
readily available method for estimating concentrations of Hg in edible tissues from whole body concentrations. 
Therefore, the whole body Hg concentration for all species was used to provide a relative comparison. 
 
Trophic Transfer 
Whether contaminants are biomagnifing in the food web can be evaluated by calculating a Food Web 
Magnification Factor (FWMF) defined as FWMF = eb, where b is obtained from a natural log-linear regression 
between contaminant concentration (C) and trophic level (TL) of species sampled from the food web: 











Ln(C) = a + b(TL). A FWMF > 1 suggests biomagnification and FWMF < 1 suggests trophic dilution (Fisk et al. 
2001, Mackintosh et al. 2004). TLs were assigned to the species sampled based on literature values (Fishbase 
2007, UBC 2007) and regressions were calculated by sampling area (Figure 1). 
 
Results and Discussion 
The whole body (wet weight) concentrations of As, Ag, and Hg were highest in ratfish; crabs had the highest 
levels of Cu and Ni; mussels had the highest levels of Cd and Zn; sea cucumbers had the highest concentrations 
of Cr and Pb; and the highest levels of PCBs were found in English sole and ratfish (see Supplemental 
Information). Ratfish had much higher lipid levels on a whole body wet-weight basis, averaging 11% (range 7 – 
18%) compared to an average of 3% (1 – 4%) for surf perch, 2% (0.5 – 6.7%) for English sole, 1.4% (0.7 – 2%) 
for mussels, about 1% for the other fishes and less than 1% for crabs and sea cucumbers. The urban areas had 
higher concentrations of contaminants than the other areas, particularly PCBs, Hg, Pb, and Zn. However, higher 
levels of Hg and As were measured in samples from the Strait of Georgia, and As was elevated in samples from 
Nisqually. High Cu levels in crab tissue is not unexpected because crabs and other malacostracan crustaceans 
have Cu-based blood, hemocyanin, and therefore have naturally high Cu levels (Barnes 1980). 
 
Comparison to the ecological benchmarks for Total PCB showed that English sole from Sinclair Inlet, Elliot 
Bay, and Commencement Bay and ratfish from Sinclair Inlet exceeded the TSV, SealPup, and Osprey 
benchmarks. One ratfish sample from Sinclair Inlet also exceeded the NOED (Figure 5A). The PCBs measured 
in blue mussels showed an increasing gradient in concentration from the stations in the north of the Sound to the 
highest levels in Central and South Sound. The PCBs levels in English sole from Sinclair Inlet, Elliot Bay, and 
Commencement Bay were similar, but there were large differences in PCB concentrations measured in sea 
cucumber, crabs, ratfish, rock sole, surf perch, and sculpin collected from Sinclair Inlet compared to the 
reference locations. The PCBs in edible tissues of English sole from Sinclair Inlet, Elliot Bay, and 
Commencement Bay and ratfish and crabs from Sinclair Inlet exceeded seafood benchmarks for non-cancer 
exposure to recreational and tribal fishers (Figure 5B). These results are consistent with consumption warnings 
for English sole and other fish from the Puget Sound (WDOH 2006). The elevated PCB levels estimated for 
crab meats from Sinclair Inlet may be due to the relatively low lipid content of the crab samples (<0.4%) which 
could result in overestimating the amount of PCBs partitioned into the edible crab meat tissue. 
 
The whole body concentrations of Hg were the highest in ratfish (Figure 5C), with maximum concentrations 
observed in specimens from the Strait of Georgia and Sinclair Inlet. Elevated Hg levels above the TSV were 
measured in samples of ratfish, rock sole, sand sole, sculpin, and mussels from Sinclair Inlet, English sole from 
Elliot Bay, Port Gardner, and Nisqually, and ratfish from the Strait of Georgia, Hood Canal, and Nisqually. Two 
of the three rock sole samples from Nisqually also exceeded the TSV. None of the mussel tissue samples 
exceeded the benchmarks, but the authors note that the Mussel Watch 2004 data (MW2004) may be biased 
high. Only two samples were at the Tribe90 benchmark of 0.5 ug/g: a ratfish sample from Strait of Georgia 
(0.52 ug/g) and English sole sample from Elliot Bay (0.45 ug/g). There is uncertainty about comparing Hg 
concentrations to the seafood benchmarks because it is unclear whether the whole body concentration over- or 
under- estimates the concentration in edible (fillet) tissues.  
 
The ecological and seafood benchmarks are useful in evaluating the potential impact of individual chemicals, 
but equally important is the ability to assess the cumulative impacts of multiple chemicals as well as other 
environmental stressors. Results obtained from the caged mussel study help to address this issue because the 
impact of all environmental stressors on growth and survival, biomarkers of sublethal stress such as DNA 
damage, as well as contaminant residues can be evaluated. The results from the caged mussel study showed that 
PCBs, PAHs, and Pb were accumulated at elevated levels in Sinclair Inlet; however, the mussels remained 
healthy throughout the deployment and contaminants did not appear to accumulate to harmful levels (Applied 
Biomonitoring 2007; Steinert 2006). This approach in conjunction with monitoring levels of DNA damage 
which rapidly respond to environmental stressors could be used to further resolve temporal and spatial 
trends and identify the stressors responsible. 
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Figure 5. Comparison of effects benchmarks to concentrations of Total PCB in whole body (WB) tissues (A), Total PCB in 
edible tissues (B), and Hg in WB tissues (C) in species from Sinclair Inlet and reference areas. Data from reference areas 
for each species are plotted from left to right in order of north to south stations: Strait of Georgia (SG), Vendovi (V), Hood 
Canal (HC), Port Gardner (PG), Elliot Bay (EBay), Comm. Bay (CBay), and Nisqually (Nis).
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Figure 6. Regression between Trophic Level (TL) and mean concentration of PCB138 (solid line) for species sampled 
in Sinclair Inlet (A) and Strait of Georgia. Dashed line is regression using individual specimens.
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Figure 7. Relationship between Trophic Level and concentrations of PCB138 (A) and Hg (B) measured in species 
sampled from all of the Puget Sound. Lines show the regression results and Food Web Magnification Factors 
(FWMF) for specific areas of Puget Sound.
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The trophic transfer evaluation resulted in FWMFs > 1 for As, Hg, some PCB congeners, and Total PCB 
suggesting that these chemicals are biomagnifing in areas of the Puget Sound. There was a relatively high 
variation in FWMF among areas of the Sound. For example, the FWMF for PCB138 from the Strait of Georgia 
was about a factor of 2 higher than the FWMF obtained for Sinclair Inlet (Figure 6) and ranged from 2.7 for 
Vendovi to 8.6 for Nisqually (Figure 7A). Similarly, FWMFs calculated for Hg varied from 2.0 to 7.1 (Figure 
7B). This suggests that in certain regions of the Sound the food web is more efficient in transferring chemicals 
to higher trophic levels, signifying higher risk in those areas to top level predators such as marine mammals and 
sea birds. The differences in FWMFs may be due to differences in the sources, biogeochemical availability, and 
linkages in the food web that are operating differently in the various regions of the Sound. While these results 
are very intriguing, there is uncertainty in the findings because the number of samples from the food web are 
relatively small and the assumed TLs, based on literature values, may be quite different from the actual trophic 
position which may vary between and within regions of the Sound. Even slight changes in the TL of the species 
sampled could make a significant difference in the estimate of trophic transfer through the food web.  
 
More data, especially information on ecological linkages within the Puget Sound food web, is needed to 
understand the trophic relationships and biogeochemical cycling of contaminants in the Sound. Critical to this 
effort is to obtain data on stable isotope ratios of C, N, and S for representative biota from regions of the Puget 
Sound. In other studies, stable isotope analysis has been conducted to estimate the trophic position of samples 
based on trophic fractionation of C and N (Fry 2006) and to assess if fishes and invertebrates feed primarily on 
pelagic or benthic prey by S ratios (Yamanaka et al. 2003). For example, studies in the Northern Gulf of Mexico 
(Snyder et al. 2007) have determined that trophic level can be inferred from the apparent enrichment of δ13C and 
δ15N relative to phytoplankton values. Additionally, depleted δ34S relative to phytoplankton can be used to infer 
benthic rather than pelagic production because sulfate reduction in sediments results in lower δ34S levels.  
 
Conclusions 
Contaminant levels in representative fish and invertebrates from various regions of the Puget Sound were 
evaluated to characterize tissue residue levels, assess potential ecological and human health impacts, and 
determine whether chemicals are being biomagnified in the food web. Clearly an ongoing monitoring 
framework is needed to provide a context for interpreting the spatial and temporal variations and identify 
possible sources and mechanisms of exposure to chemicals. The tissue residue benchmarks provide a means of 
evaluating exposure levels, and data on contaminant levels across the food web are needed to evaluate 
bioaccumulation.  The data indicates that gradients of chemical exposure are present across the Puget Sound 
Region, potentially harmful exposures of some chemicals are present in certain areas, and some contaminants 
are biomagnifying in the food web. 
 
Supplemental Information 
Supplemental information can be downloaded from http://www.psmem.org/assets/PRIVATE/suppl_info.html. 
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or reference to the new data you mentioned regarding pcb leaching


From:    Richard Franklin/R10/USEPA/US
To:    Mary Queitzsch/R10/USEPA/US@EPA
Date:    06/03/2011 05:16 PM
Subject:    ex-oriskany


Hey Mary - do you have a web link or reference to the new data you
mentioned regarding pcb leaching from the ex-oriskany.  I can't find
any new data, adn I'd like to ahve the link to pass to Tech Law.


Thanks


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 








From: Fuller, Steve
To: Richard Franklin
Cc: Martin, Bradley
Subject: RE: LST-1166 Extension of Time for Delivery of EE/CA to USCG
Date: 06/16/2011 03:40 PM


Richard,


A more defensible estimate of the wiring on the LST.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 16, 2011 3:26 PM
To: Fuller, Steve
Subject: LST-1166 Extension of Time for Delivery of EE/CA to USCG


I spoke to USCG this afternoon and briefed them as to late breaking info
we're getting, and they agreed that we could have a bit more time to
finish.  They'd like to have a hand-off of the draft EE/CA to them by
next Friday, June 17.  Gives us a little more breathing room.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178
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From: Ruth.Yender
To: Richard Franklin
Subject: Fwd: LST-1166
Date: 06/22/2011 08:56 PM


Hey Richard,


Found one more (earlier) email regarding scuttling location criteria that you may or 
may not want to include.  Perhaps useful background for you, in any case.


Best Regards,
Ruth


Ruth Yender
Spill Response Scientific  Support  Coordinator for the Northwest and Oceania
Emergency Response Division
NOAA Office of Response and Restoration
7600 Sand Point Way NE
Seattle, WA 98115
Office:  (206) 526-6081
Cell:   (206)849-9926
Fax:  (206)526-6329
24 Hour Emergency:  (206)526-4911


Begin forwarded message:


From: Christopher Barker <Chris.Barker@noaa.gov>
Date: October 29, 2008 2:49:41 PM PDT
To: Stephanie.M.Sulser@uscg.mil
Cc: Ruth Yender <Ruth.Yender@noaa.gov>, Glen Watabayashi <Glen.Watabayashi@noaa.gov>
Subject: LST-1166


LTJG Sulser,


I've left you a voice mail, but I though I'd follow up with a email.


I understand from Ruth that you are looking for potential Ocean dumping 
sites for the LST-1166.


I'm not sure what your specific questions are, but here are few thoughts, 
some of which may be obvious:


We assume that the vessel is pretty clean of oils, etc, though there may 
still be a few dribbles.


It should be away from the shipping lanes.


It should be outside the Columbia River Bar.


It should be in deep enough water that it isn't a navigation hazard and 
won't be moved about too much by waves and currents: We think 
greater than 30 fathoms would be OK.
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It should be far enough from shore that small dribbles of oil won't make 
significant impact on shore -- greater than about 5 miles. This does 
depend on the type and quantity of oils that may be released.


If you really want it "gone", deep in the Astoria Canyon would be a good 
bet, if that's not too far.


I'm not sure what fishing activities, such as trawling, occur in that region 
-- this could influence where a good spot would be. We can research that 
further if you need us to.


Is there any idea that it could become useful as an artificial reef? If so, 
then more research would have to be done about what would be an 
appropriate depth for that.


Please feel free to call/email us with further questions.


-Chris


-- 
Christopher Barker, Ph.D.
Oceanographer


Emergency Response Division
NOAA/NOS/OR&R            (206) 526-6959   voice
7600 Sand Point Way NE   (206) 526-6329   fax
Seattle, WA  98115       (206) 526-6317   main reception


Chris.Barker@noaa.gov
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From: Wally Moon
To: Richard Franklin
Subject: Re: LST-1166 EE/CA
Date: 05/27/2011 01:50 PM


My only very limited and possibly insignificant comment is regarding this sentence of
your summary:  


The main pollutants of concern remaining on the vessel  are PCB paint on the
interior, PCB-laced asbestos-wrapped wiring, and some oily water on the lower two
decks due to flooding. 


Pollutants has a specific definition under the NCP.  I'd say it's inaccurate to state
that PCBs and oily water are pollutants.  PCBs are a hazardous substance (I believe,
and oily water is of course oil  That's it.  I'm sure Mary covered the rest....


Wally


*********************************************************
Wally Moon
Emergency Preparedness and Prevention Unit Manager
Emergency Management Program
U. S. EPA 
Region 10 Seattle
1200 6th Ave ECL-116
Seattle, WA 98101
moon.wally@epa.gov
(206) 553-6323
(206) 419-2682 cell
(206) 553-0124 fax


▼ Richard Franklin---05/25/2011 06:57:46 PM---Hi All, Attached below is the draft
Version of the Engineering Evaluation and Coat Analysis (EE/CA)


From:    Richard Franklin/R10/USEPA/US
To:    Chris Field/R10/USEPA/US@EPA, Earl Liverman/R10/USEPA/US@EPA,
Mary Queitzsch/R10/USEPA/US@EPA, Jonathan
Freedman/R10/USEPA/US@EPA, irizarry.gilberto@epa.gov
Cc:    Wally Moon/R10/USEPA/US@EPA, Calvin Terada/R10/USEPA/US@EPA,
Christine Reichgott/R10/USEPA/US@EPA
Date:    05/25/2011 06:57 PM
Subject:    LST-1166 EE/CA


Hi All,


Attached below is the draft Version of the Engineering Evaluation and Coat Analysis
(EE/CA) for the LST-1166 for your review and comment.  Also, I have included a
Word version of the document with the cost estimate tables as a separate Excel file,
as well as a PDF version that includes the cost estimate tables in the document


 As you may recall, the LST is an abandoned, former US Navy ship (LST) which is
moored illegally on the Oregon side of the lower Columbia River, across from
Longview, WA and a brief hop down river from Rainier, OR.  The vessel is in broad
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state of disrepair, has apparent holes in the hull, and has been a platform for
thieves, illegal scrappers, and drug use.  Due to an oil spill from the vessel, the
USCG responded and conducted an emergency removal of oil and hazmat onboard
the vessel.  Over $5MM has been spent on response and removal activities.  The
main pollutants of concern remaining on the vessel  are PCB paint on the interior,
PCB-laced asbestos-wrapped wiring, and some oily water on the lower two decks
due to flooding.  All other oils and hazmat was previously removed, however, the
vessel remains a problem for the area in several ways.  It remains a high visibility
and high priority site for USCG and EPA and our federal family.


The vessel is located squarely in the USCG jurisdiction and is in their Area of
Responsibility (AOR).  They are the Federal On-Scene Coordinator for response and
removal actions, and have federalized the vessel site due to a non-viable and non-
responsive RP.  After the initial response by USCG, the USCG wished to scuttle the
vessel at a site approved by NOAA, 65 miles offshore and in 6,000 ft of water. 
However, they had not met the general permit for Ocean dumping, and of course
the vessel had PCBs on-board.  The USCG then requested EPA's assistance in
conducting the EE/CA, which a  Superfund (CERCLA/NCP), well established tool and
mechanism required for non-time-critical removals.  The EE/CA is to determine
disposal options, cost, streamlined risk evaluation, and implementability for those
disposal options.  EPA Superfund is essentially working as USCG's contractor under
terms of a Pollution Removal Funding Authorization to research and prepare the
EE/CA, which is attached below.


We are under a very tight schedule in preparing this deliverable to the USCG, and so
I would request that all comments be returned to me by Wednesday June 1.  I
would prefer redline-strike versions, and consolidation of comments from any one
EPA program.  Once we get comments, we will then prepare a pre-final draft for
delivery to the USCG.  We may also convene a quick, but limited meeting to discuss
the EE/CA, options and approach.  I hope I haven't missed anyone crucial to this
project on this email.  If so, please forward on.


Thanks in advance for all your help and work on this,


[attachment "Copy of LST1116 Cost Est Tbls.xlsx" deleted by Wally
Moon/R10/USEPA/US] [attachment "LST-1166_EECA_Rev 2.docx" deleted by Wally
Moon/R10/USEPA/US] [attachment "LST-1166_EECA_Rev 2.pdf" deleted by Wally
Moon/R10/USEPA/US] 


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 








From: Fuller, Steve
To: Richard Franklin
Cc: Martin, Bradley
Subject: RE: LST-1166 Extension of Time for Delivery of EE/CA to USCG
Date: 06/16/2011 03:42 PM
Attachments: Electrical Cable Insulation.docx


Opps, nice to have an attachment.


-----Original Message-----
From: Fuller, Steve 
Sent: Thursday, June 16, 2011 3:40 PM
To: 'Franklin.Richard@epamail.epa.gov'
Cc: Martin, Bradley
Subject: RE: LST-1166 Extension of Time for Delivery of EE/CA to USCG


Richard,


A more defensible estimate of the wiring on the LST.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 16, 2011 3:26 PM
To: Fuller, Steve
Subject: LST-1166 Extension of Time for Delivery of EE/CA to USCG


I spoke to USCG this afternoon and briefed them as to late breaking info
we're getting, and they agreed that we could have a bit more time to
finish.  They'd like to have a hand-off of the draft EE/CA to them by
next Friday, June 17.  Gives us a little more breathing room.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178
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Electrical Cable Insulation  





 


[bookmark: _GoBack]The estimated quantity of electrical cable insulation aboard LST 1166 was determined from a review of the specifications of the vessel.  The power plant was a 600 KW diesel generator. The total weight of a new model Caterpillar© 600 KW electrical plant is 41,250 lbs. NSWCCD Code 244 conducted a review of other CV/CVN weight reports and determined the cable to electrical plant weight ratio to be 36%. Using this ratio, the weight of cable from the FWR calculates to 14,850 lbs. A study of the Navy Cable Inventory conducted by Westinghouse MTD found that the percentage of insulation in any given quantity of bulk cable is 72.26% for a typical combatant. Multiplying the estimated weight of cable by the insulation percentage gives an estimated weight of cable insulation of 10,730 lbs. (3,519 lbs. of copper). This weight is assumed to be equivalent to the weight aboard LST 1166 with correction for the amount of wire removed by vandals (Pape 2004).





Pape, Thomas L, 2004, Final report Polychlorinated Biphenyls (PCB) Source Term Estimates for ex-Oriskany, Rev. 4, prepared for Program Executive Office (Ships).







From: Ruth.Yender
To: Richard Franklin
Subject: Fwd: Proposed dump site for LST-1166
Date: 06/22/2011 03:59 PM


Begin forwarded message:


From: "Ruth.Yender" <Ruth.Yender@noaa.gov>
Date: June 12, 2009 10:40:03 AM PDT
To: "Griggs, James MSTC" <James.P.Griggs@uscg.mil>
Subject: Re: Proposed dump site for LST-1166


Hi Pat,


We've taken a look at the location and it looks fine from an 
oceanographic perspective.
I am double checking with the National Marine Fisheries Service to make 
sure they have no objections based on Essential Fish Habitat designations 
or anything else.  


Best Regards,
Ruth


Ruth Yender
Scientific  Support  Coordinator for the Northwest and Oceania
Emergency Response Division
NOAA Office of Response and Restoration
7600 Sand Point Way NE
Seattle, WA 98115
Office:  (206) 526-6081
Cell:   (206)849-9926
Fax:  (206)526-6349
24 Hour Emergency:  (206)526-4911


On Jun 11, 2009, at 10:13 AM, Griggs, James MSTC wrote:


You are probably tired of hearing from me, but we need to 
know if this site
would be acceptable to dump the LST-1166, a 373.9 foot long 
vessel.


The site I have identified is 46 degrees 20 minutes North, 125 
degrees 26
minutes West.


Thank you,


v/r
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MSTC James "Pat" Griggs
Sector Portland
Incident Management Response
Phone: 503-240-2562
Fax:   503-240-9308


"Don't part with your illusions. When they are gone you may 
still exist, but
you have ceased to live." ~ Mark Twain








From: Jonathan Freedman
To: Richard Franklin
Cc: Mary Queitzsch; Chris Meade
Subject: Re: LST-1166 EE/CA
Date: 05/26/2011 09:39 AM


Richard - Tomorrow is my last day for several weeks.  I have also received last
minute info request from HQ on Ocean Dumping due June 1st, and I have a number
of other things to finish up, so I see difficulty providing a timely and thorough
review.


Jonathan Freedman    (206) 553-0266
USEPA, Region 10
Sediment Management Program
1200 Sixth Avenue, Suite 900 
ETPA - 083
Seattle WA  98101
freedman.jonathan@epa.gov
FAX:  (206) 553-1775


▼ Richard Franklin---05/25/2011 06:57:45 PM---Hi All, Attached below is the draft
Version of the Engineering Evaluation and Coat Analysis (EE/CA)


From:    Richard Franklin/R10/USEPA/US
To:    Chris Field/R10/USEPA/US@EPA, Earl Liverman/R10/USEPA/US@EPA,
Mary Queitzsch/R10/USEPA/US@EPA, Jonathan
Freedman/R10/USEPA/US@EPA, irizarry.gilberto@epa.gov
Cc:    Wally Moon/R10/USEPA/US@EPA, Calvin Terada/R10/USEPA/US@EPA,
Christine Reichgott/R10/USEPA/US@EPA
Date:    05/25/2011 06:57 PM
Subject:    LST-1166 EE/CA


Hi All,


Attached below is the draft Version of the Engineering Evaluation and
Coat Analysis (EE/CA) for the LST-1166 for your review and comment. 
Also, I have included a Word version of the document with the cost
estimate tables as a separate Excel file, as well as a PDF version that
includes the cost estimate tables in the document


 As you may recall, the LST is an abandoned, former US Navy ship
(LST) which is moored illegally on the Oregon side of the lower
Columbia River, across from Longview, WA and a brief hop down river
from Rainier, OR.  The vessel is in broad state of disrepair, has
apparent holes in the hull, and has been a platform for thieves, illegal
scrappers, and drug use.  Due to an oil spill from the vessel, the USCG
responded and conducted an emergency removal of oil and hazmat
onboard the vessel.  Over $5MM has been spent on response and
removal activities.  The main pollutants of concern remaining on the
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vessel  are PCB paint on the interior, PCB-laced asbestos-wrapped
wiring, and some oily water on the lower two decks due to flooding. 
All other oils and hazmat was previously removed, however, the vessel
remains a problem for the area in several ways.  It remains a high
visibility and high priority site for USCG and EPA and our federal family.


The vessel is located squarely in the USCG jurisdiction and is in their
Area of Responsibility (AOR).  They are the Federal On-Scene
Coordinator for response and removal actions, and have federalized the
vessel site due to a non-viable and non-responsive RP.  After the initial
response by USCG, the USCG wished to scuttle the vessel at a site
approved by NOAA, 65 miles offshore and in 6,000 ft of water. 
However, they had not met the general permit for Ocean dumping, and
of course the vessel had PCBs on-board.  The USCG then requested
EPA's assistance in conducting the EE/CA, which a  Superfund
(CERCLA/NCP), well established tool and mechanism required for non-
time-critical removals.  The EE/CA is to determine disposal options,
cost, streamlined risk evaluation, and implementability for those
disposal options.  EPA Superfund is essentially working as USCG's
contractor under terms of a Pollution Removal Funding Authorization to
research and prepare the EE/CA, which is attached below.


We are under a very tight schedule in preparing this deliverable to the
USCG, and so I would request that all comments be returned to me by
Wednesday June 1.  I would prefer redline-strike versions, and
consolidation of comments from any one EPA program.  Once we get
comments, we will then prepare a pre-final draft for delivery to the
USCG.  We may also convene a quick, but limited meeting to discuss
the EE/CA, options and approach.  I hope I haven't missed anyone
crucial to this project on this email.  If so, please forward on.


Thanks in advance for all your help and work on this,


[attachment "Copy of LST1116 Cost Est Tbls.xlsx" deleted by Jonathan
Freedman/R10/USEPA/US] [attachment "LST-1166_EECA_Rev 2.docx" deleted by
Jonathan Freedman/R10/USEPA/US] [attachment "LST-1166_EECA_Rev 2.pdf"
deleted by Jonathan Freedman/R10/USEPA/US] 


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 








From: Gilberto Irizarry
To: Chris Field
Cc: Calvin Terada; Richard Franklin
Subject: Re: LST-1166 update
Date: 08/04/2011 04:17 PM


Ok Chris. Let's talk early next week. 


Thanks,


Tito
----------------------------------------------------
Sent by Blackberry.  Please excuse typos. 


Gilberto "Tito" Irizarry
Director, Prog. Ops & Coordination Division
Office of Emergency Management
US Environmental Protection Agency - HQ
O: (202) 564-7982
C: (202) 821-8138
▼ Chris Field


    ----- Original Message -----
    From: Chris Field
    Sent: 08/04/2011 04:12 PM PDT
    To: Gilberto Irizarry
    Cc: Calvin Terada; Richard Franklin
    Subject: LST-1166 update


Tito, 
Thanks for the call on this.  The USCG is still in partial denial on this
and talking about walking away from it.  I don't really think that can
happen, but I can't force them to come to terms with it, they need to
arrive at that themselves.  Ultimately I believe it is going to cost an
additional $3-4M CERCLA to get it prep'd and delivered to a scrap
yard.  However it wouldn't surprise me if that doesn't happen until
early next fiscal year.  I'll call you early next week to discuss further.


Chris D. Field, Program Manager
EPA Emergency Management Program, R-10
(206) 553-1674
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From: Fuller, Steve
To: Richard Franklin
Subject: RE: LST-1166 Extension of Time for Delivery of EE/CA to USCG
Date: 06/16/2011 03:26 PM


Good, I am getting close to an estimate on the wiring.


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 16, 2011 3:26 PM
To: Fuller, Steve
Subject: LST-1166 Extension of Time for Delivery of EE/CA to USCG


I spoke to USCG this afternoon and briefed them as to late breaking info
we're getting, and they agreed that we could have a bit more time to
finish.  They'd like to have a hand-off of the draft EE/CA to them by
next Friday, June 17.  Gives us a little more breathing room.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178
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From: Ruth.Yender
To: Richard Franklin
Subject: Fwd: Proposed dump site for LST-1166
Date: 06/22/2011 04:04 PM
Attachments: Map.pdf


Picture 3.pdf


>>
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46° 20'N by 
125° 26'W



57 nm from Columbia 
River entrance













About 1000 
fathoms deep













From: Richard Franklin
To: Fuller, Steve
Subject: RE: LST-1166
Date: 06/14/2011 12:55 PM


Sinkey? you mean the SINKEX study of the EX-AEGERHOLM?


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ "Fuller, Steve" ---06/14/2011 10:56:12 AM---Richard, Estelle is on it, she will
provide an update by midafternoon, she


From:    "Fuller, Steve" <SFuller@TechLawInc.com>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    06/14/2011 10:56 AM
Subject:    RE: LST-1166


Richard,


Estelle is on it, she will provide an update by midafternoon,
she
understands what we are looking for.  She researched the SINKEY
with no
results last week.  Does someone in your shop have access to
that study?
No links to it on their web page.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Tuesday, June 14, 2011 10:08 AM
To: Fuller, Steve
Subject: Fw: LST-1166


See below


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/14/2011
10:08 AM
-----


From:         "Griggs, James MSTC" <James.P.Griggs@uscg.mil>
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To:         Richard Franklin/R10/USEPA/US@EPA
Cc:         "Thorkilson, Kelly LCDR"
<Kelly.A.Thorkilson@uscg.mil>,
            "Boes, Richard R" <Richard.R.Boes@uscg.mil>, "Echols,
            Anthony MST2" <Anthony.G.Echols@uscg.mil>, "Potter,
Luke
            MST1" <Luke.C.Potter@uscg.mil>
Date:         06/14/2011 08:05 AM
Subject:         LST-1166
Sent by:         James.P.Griggs@uscg.mil


Mr. Franklin:


I would call you back but I can't find the number and need to
get back
to the Davy Crockett so this is simpler.


The LST-1166 is NOT sitting on the bottom, there is
approximately 2 feet
of water below the vessel at low tide.  The bottom has hollowed
out at
its location, creating a small dike around the vessel (or a
divot in the
river bottom, whichever you prefer to think of it as).  The foam
in the
lower two decks prevents the vessel from actually sinking to the
bottom,
which was the design intent when it was added to make it a
minesweeper.


No one has visited the vessel since the river levels have risen
except
visually on a water patrol and I have no money left to pay for a
dive
survey to assess the vessel underwater again.  The attitude of
the
vessel has not changed, indicating it is still floating on the
foam
buoyancy.


v/r


MSTC James "Pat" Griggs
Sector Columbia River
Phone: 503-240-2562
Fax: 503-240-9308








From: Ruth.Yender
To: Richard Franklin
Subject: Fwd: Proposed dump site for LST-1166
Date: 06/22/2011 03:59 PM


Hi Richard,


Looks like our review of proposed USCG coordinates was relatively informal.  I'll also 
forward a few emails of the interchange with NMFS.


Best Regards,
Ruth


Ruth Yender
Spill Response Scientific  Support  Coordinator for the Northwest and Oceania
Emergency Response Division
NOAA Office of Response and Restoration
7600 Sand Point Way NE
Seattle, WA 98115
Office:  (206) 526-6081
Cell:   (206)849-9926
Fax:  (206)526-6329
24 Hour Emergency:  (206)526-4911


Begin forwarded message:


From: Ruth.Yender <Ruth.Yender@noaa.gov>
Date: June 21, 2009 10:12:09 PM PDT
To: "Griggs, James MSTC" <James.P.Griggs@uscg.mil>
Subject: Re: Proposed dump site for LST-1166


Hello Pat,


NOAA's National Marine Fisheries Service has given their okay to this 
location for scuttling the LST-1166.  
Looks like you are good to go from NOAA's perspective.  


Best Regards,
Ruth


Ruth Yender
Scientific  Support  Coordinator for the Northwest and Oceania
Emergency Response Division
NOAA Office of Response and Restoration
7600 Sand Point Way NE
Seattle, WA 98115
Office:  (206) 526-6081
Cell:   (206)849-9926
Fax:  (206)526-6349
24 Hour Emergency:  (206)526-4911


On Jun 11, 2009, at 10:13 AM, Griggs, James MSTC wrote:


You are probably tired of hearing from me, but we need to 
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know if this site
would be acceptable to dump the LST-1166, a 373.9 foot long 
vessel.


The site I have identified is 46 degrees 20 minutes North, 125 
degrees 26
minutes West.


Thank you,


v/r


MSTC James "Pat" Griggs
Sector Portland
Incident Management Response
Phone: 503-240-2562
Fax:   503-240-9308


"Don't part with your illusions. When they are gone you may 
still exist, but
you have ceased to live." ~ Mark Twain








From: Richard Franklin
To: Griggs, James MSTC
Cc: Thorkilson, Kelly LCDR; Boes, Richard R; Echols, Anthony MST2; Potter, Luke MST1
Subject: Re: LST-1166
Date: 06/14/2011 08:21 AM


Thanks  Chief. Very helpful info. Good luck with the continued work on the Davy Crockett.


By the way, my office number is 503-326-2917, cell 503-475-4178


Richard


----- Original Message -----
From: "Griggs, James MSTC" [James.P.Griggs@uscg.mil]
Sent: 06/14/2011 08:01 AM MST
To: Richard Franklin
Cc: "Thorkilson, Kelly LCDR" <Kelly.A.Thorkilson@uscg.mil>; "Boes, Richard R" 
<Richard.R.Boes@uscg.mil>; "Echols, Anthony MST2" <Anthony.G.Echols@uscg.mil>; "Potter, Luke MST1" 
<Luke.C.Potter@uscg.mil>
Subject: LST-1166


Mr. Franklin:


I would call you back but I can't find the number and need to get back to the Davy Crockett so 
this is simpler.


The LST-1166 is NOT sitting on the bottom, there is approximately 2 feet of water below the vessel 
at low tide.  The bottom has hollowed out at its location, creating a small dike around the vessel 
(or a divot in the river bottom, whichever you prefer to think of it as).  The foam in the lower 
two decks prevents the vessel from actually sinking to the bottom, which was the design intent 
when it was added to make it a minesweeper.


No one has visited the vessel since the river levels have risen except visually on a water patrol 
and I have no money left to pay for a dive survey to assess the vessel underwater again.  The 
attitude of the vessel has not changed, indicating it is still floating on the foam buoyancy.


v/r


MSTC James "Pat" Griggs
Sector Columbia River
Phone: 503-240-2562
Fax: 503-240-9308
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From: Fuller, Steve
To: Richard Franklin
Subject: RE: LST-1166
Date: 06/14/2011 12:59 PM


Yes, spell check did not catch that.


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Tuesday, June 14, 2011 12:55 PM
To: Fuller, Steve
Subject: RE: LST-1166


Sinkey? you mean the SINKEX study of the EX-AEGERHOLM?


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:   "Fuller, Steve" <SFuller@TechLawInc.com>
To:     Richard Franklin/R10/USEPA/US@EPA
Date:   06/14/2011 10:56 AM
Subject:        RE: LST-1166


Richard,


Estelle is on it, she will provide an update by midafternoon, she
understands what we are looking for.  She researched the SINKEY with no
results last week.  Does someone in your shop have access to that study?
No links to it on their web page.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov]
Sent: Tuesday, June 14, 2011 10:08 AM
To: Fuller, Steve
Subject: Fw: LST-1166


See below


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/14/2011 10:08 AM
-----


From:            "Griggs, James MSTC" <James.P.Griggs@uscg.mil>
To:              Richard Franklin/R10/USEPA/US@EPA
Cc:              "Thorkilson, Kelly LCDR" <Kelly.A.Thorkilson@uscg.mil>,
            "Boes, Richard R" <Richard.R.Boes@uscg.mil>, "Echols,
            Anthony MST2" <Anthony.G.Echols@uscg.mil>, "Potter, Luke
            MST1" <Luke.C.Potter@uscg.mil>
Date:            06/14/2011 08:05 AM
Subject:                 LST-1166
Sent by:                 James.P.Griggs@uscg.mil


Mr. Franklin:


I would call you back but I can't find the number and need to get back
to the Davy Crockett so this is simpler.


The LST-1166 is NOT sitting on the bottom, there is approximately 2 feet
of water below the vessel at low tide.  The bottom has hollowed out at
its location, creating a small dike around the vessel (or a divot in the
river bottom, whichever you prefer to think of it as).  The foam in the
lower two decks prevents the vessel from actually sinking to the bottom,
which was the design intent when it was added to make it a minesweeper.


No one has visited the vessel since the river levels have risen except
visually on a water patrol and I have no money left to pay for a dive
survey to assess the vessel underwater again.  The attitude of the
vessel has not changed, indicating it is still floating on the foam
buoyancy.
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v/r


MSTC James "Pat" Griggs
Sector Columbia River
Phone: 503-240-2562
Fax: 503-240-9308








From: Ruth.Yender
To: Richard Franklin
Subject: Fwd: [Fwd: Re: Proposed dump site for LST-1166]
Date: 06/22/2011 04:01 PM


Begin forwarded message:


From: Steve Copps <Steve.Copps@noaa.gov>
Date: June 16, 2009 9:33:55 AM PDT
To: "John.Stadler" <John.Stadler@noaa.gov>
Cc: Barbara Seekins <Barbara.Seekins@noaa.gov>, Ruth Yender <Ruth.Yender@noaa.gov>, 
Frank Lockhart <Frank.Lockhart@noaa.gov>
Subject: Re: [Fwd: Re: Proposed dump site for LST-1166]


Ruth, the dump site appears to be fine from our perspective.  It's worth 
checking with the tribes if you haven't done so already.
thanks,
Steve


John.Stadler wrote:


All,
I am not sufficiently familiar with the regulated areas off the 
coast to be able to answer the questions.  This is more up 
Steve's alley than mine, and I will leave it to him to answer 
the questions.
Regards,
John 


-------- Original Message --------
Subject:Re: Proposed dump site for LST-1166


Date:Mon, 15 Jun 2009 17:58:16 -0700
From:Barbara Seekins <Barbara.Seekins@noaa.gov>


To:John.Stadler <John.Stadler@noaa.gov>
CC:Steve Copps <Steve.Copps@noaa.gov>


References:<23F6BB28EE58714591474EBBA0E66FC0038CE782@emo-
exmb-m-502.main.ads.uscg.mil> <5FCC114B-CD71-4BFC-
96D8-AAFB75D6E1B4@noaa.gov> 
<4A329DAB.5040301@noaa.gov> 
<4A329E5D.7030504@noaa.gov> <9B667222-7DAE-
419A-B515-3BFA03FC91DC@noaa.gov> 
<4A32BCDE.5050604@noaa.gov>


Hi John,
   I've attached a draft map that should be helpful. I 
don't believe 
that this site would conflict with any MPAs or Tribal U 
& As but I 
probably need to do a little more checking to confirm 
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that. There are 
new RCAs that have not yet been converted to GIS format 
so they are not 
reflected in this map image. Just wanted to send this 
along to get you 
started.
    Regards. 
               Barb


John.Stadler wrote:
> Hi Ruth,
>
> I am in Lacey and don't have access to any offshore 
charts, and don't 
> know the coordinates of MPAs, Tribal U&As, rockfish 
conservation areas 
> (RCAs) or areas that are closed to bottom contact 
gear.  Keep in mind 
> that all marine waters off the coast of 
Washington/Oregon/California 
> less than 3500 m deep are designated as EFH for 
groundfishes.  If you 
> are deeper than that, then you will not be in 
groundfish EFH. If it is 
> not in EFH, it would not be in a RCA or an area closed 
to bottom 
> contact gear.  And I suspect that there are no MPAs or 
Tribal U&As in 
> water deeper than 3500 m, but don't know for certain.
>
> The area would still be EFH for Pacific Coast salmon 
and Coastal 
> Pelagic Species (which currently go out to the EEZ 
line), but I doubt 
> that scuttling this ship would have adverse effects to 
EFH for these 
> species unless there was some type of spill or leak 
associated with 
> the scuttling.
>
> After sending my previous message, I tried to use the 
Pacific States 
> Marine Fisheries Commission website.  This site has an 
interactive 
> mapping tool for their Pacific Coast Marine Habitat 
Program that was 
> developed for the Groundfish EIS.  I believe it shows 
MPAs and the 
> closed areas, but not Tribal U&As.  Unfortunately, it 
is currently 
> down for maintenance.  The URL is: 
> http://marinehabitat.psmfc.org/interactive-maps.html.  
I suggest you 
> keep an eye on it so you can try it when it comes back 
up. 
>
> If that doesn't work, Barb should be able to help.
>
> Regards,
> John
>
> Ruth.Yender wrote:
>> Hi John,
>>
>> Just taking a look at the coordinates on a chart 
should suffice.  We 
>> have one out in our conference room in Building 3 of 
the Hazmat 
>> offices at the WRC (not sure where you are located) - 
or we could 
>> plot it up on a chart and send it to you if you don't 
have a NOAA 
>> chart for the area.
>>
>> Thanks,
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>> Ruth
>>
>> Ruth Yender
>> Scientific Support Coordinator for the Northwest and 
Oceania
>> Emergency Response Division
>> NOAA Office of Response and Restoration
>> 7600 Sand Point Way NE
>> Seattle, WA 98115
>> Office:  (206) 526-6081
>> Cell:  (206)849-9926
>> Fax:  (206)526-6349
>> 24 Hour Emergency:  (206)526-4911
>>
>>
>>
>> On Jun 12, 2009, at 11:28 AM, John.Stadler wrote:
>>
>>> Steve,
>>> I don't have any mapping capabilities. 
>>> Sorry,
>>> John
>>>
>>> Steve Copps wrote:
>>>> Hi Ruth, I've cc-d John Stadler and Barb Seekins 
for their help on 
>>>> this.  
>>>>
>>>> John/Barb, can you map this and see how it relates 
to our MPAs, 
>>>> EFH, tribal U&As etc.? 
>>>>
>>>> Ruth.Yender wrote:
>>>>> Hi Steve,
>>>>>
>>>>> Please see the message below from US Coast Guard 
Sector Portland. 
>>>>>  This is a vessel that was abandoned years ago in 
the Columbia 
>>>>> River that became a dumping and meth lab nuisance.  
Coast Guard 
>>>>> has been cleaning the vessel up and would like to 
tow it out and 
>>>>> scuttle it (not doing this imminently - not an 
emergency).  
>>>>> From an oceanographic perspective - we have no 
objections to their 
>>>>> proposed scuttling location (deep and pretty far 
offshore).  Would 
>>>>> this location be a concern from an EFH 
perspective?
>>>>>
>>>>> Regards,
>>>>> Ruth
>>>>>
>>>>> Ruth Yender
>>>>> Scientific Support Coordinator for the Northwest 
and Oceania
>>>>> Emergency Response Division
>>>>> NOAA Office of Response and Restoration
>>>>> 7600 Sand Point Way NE
>>>>> Seattle, WA 98115
>>>>> Office:  (206) 526-6081
>>>>> Cell:  (206)849-9926
>>>>> Fax:  (206)526-6349
>>>>> 24 Hour Emergency:  (206)526-4911
>>>>>
>>>>>
>>>>>
>>>>> Begin forwarded message:
>>>>>
>>>>>> *From: * "Griggs, James MSTC" 
<James.P.Griggs@uscg.mil 
>>>>>> <mailto:James.P.Griggs@uscg.mil>>
>>>>>> *Date: * June 11, 2009 10:13:29 AM PDT
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>>>>>> *To: * Ruth Yender <Ruth.Yender@noaa.gov 
>>>>>> <mailto:Ruth.Yender@noaa.gov>>
>>>>>> *Cc: * "Edwards, Shaun LT" 
<Shaun.L.Edwards@uscg.mil 
>>>>>> <mailto:Shaun.L.Edwards@uscg.mil>>
>>>>>> *Subject: * *Proposed dump site for LST-1166*
>>>>>>
>>>>>> You are probably tired of hearing from me, but we 
need to know if 
>>>>>> this site
>>>>>> would be acceptable to dump the LST-1166, a 373.9 
foot long vessel.
>>>>>>
>>>>>> The site I have identified is 46 degrees 20 
minutes North, 125 
>>>>>> degrees 26
>>>>>> minutes West.
>>>>>>
>>>>>> Thank you,
>>>>>>
>>>>>> v/r
>>>>>>
>>>>>> MSTC James "Pat" Griggs
>>>>>> Sector Portland
>>>>>> Incident Management Response
>>>>>> Phone: 503-240-2562
>>>>>> Fax:   503-240-9308
>>>>>>
>>>>>> "Don't part with your illusions. When they are 
gone you may still 
>>>>>> exist, but
>>>>>> you have ceased to live." ~ Mark Twain
>>>>>>
>>>>>
>>>
>>> -- 
>>> ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
>>>
>>> Many men go fishing all of their lives without
>>> knowing that it is not fish they are after.
>>>       -- Henry David Thoreau
>>>
>>> John H. Stadler, Ph.D.
>>> NW Regional Essential Fish Habitat Coordinator
>>> Washington State Habitat Office
>>> National Marine Fisheries Service
>>> 510 Desmond Drive SE, Suite 103
>>> Lacey, WA  98503
>>>
>>> Phone:      360-753-9576
>>> Fax:        360-753-9512
>>> Email:      john.stadler@noaa.gov 
<mailto:john.stadler@noaa.gov>
>>>     
>>
>
> -- 
> ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
>
> Many men go fishing all of their lives without
> knowing that it is not fish they are after.
>       -- Henry David Thoreau
>
> John H. Stadler, Ph.D.
> NW Regional Essential Fish Habitat Coordinator
> Washington State Habitat Office
> National Marine Fisheries Service
> 510 Desmond Drive SE, Suite 103
> Lacey, WA  98503
>
> Phone:        360-753-9576
> Fax:  360-753-9512
> Email:        john.stadler@noaa.gov 
<mailto:john.stadler@noaa.gov>
>   
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-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


Many men go fishing all of their lives without
knowing that it is not fish they are after.
      -- Henry David Thoreau


John H. Stadler, Ph.D.
NW Regional Essential Fish Habitat Coordinator
Washington State Habitat Office
National Marine Fisheries Service
510 Desmond Drive SE, Suite 103
Lacey, WA  98503


Phone:  360-753-9576
Fax:    360-753-9512
Email:  john.stadler@noaa.gov
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From: Ruth.Yender
To: Richard Franklin
Subject: Re: LST-1166
Date: 07/29/2011 03:06 PM


Hi Richard,


I am back in Seattle and, though still in a fog, slowly trying to catch up with stuff at 
work and at home.  (Lots of new stories to share with you over beer some time).  


I'm not sure if my review of the draft Technical Memorandum on the need for a 
Biological Assessment you sent is any longer of use to you.  In any case, I finally 
reviewed it.  It looks fine to me with one potential typo exception.  On Page 2, 
Section 2.0, Alternative 3 is described as "with Partial Decontamination" whereas on 
page 3, Section 2.2., Alternative 3 is described as "with Full Decontamination."  
Seems that one or the other needs to be corrected.  Otherwise it looks good to me.


My apologies for this very late review.  I really appreciate you keeping me in the 
loop on the LST-1166 developments, even though I have not been directly engaged 
for some time.  Let me know if there is anything I can help with.  And perhaps I will 
see you at the derelict vessel workgroup meeting next week in Portland.


I hope all has been well with you.


Best Regards,
Ruth


Ruth Yender
Spill Response Scientific  Support  Coordinator for the Northwest and Oceania
Emergency Response Division
NOAA Office of Response and Restoration
7600 Sand Point Way NE
Seattle, WA 98115
Office:  (206) 526-6081
Cell:   (206)849-9926
Fax:  (206)526-6329
24 Hour Emergency:  (206)526-4911


On Jul 5, 2011, at 1:08 PM, Richard Franklin wrote:


Hey Ruth,


I hope you made it back safe and sound and that your trip was
productive, although I know it is sometimes very difficult helping our
elderly parents and their affairs.


I conducted the LST briefing with the Sector Friday June 24, but we
neglected to get you on the phone. My apologies.  I had recommended 
they
include you but during the briefing I completely forgot to mention
bringing you in.  And I'm sure they would have but just forgot.
However, it does appear to me they are keeping the draft EE/CA close to
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their vest.  They will be making a decision soon. I briefed Capt.
Tumbarello and his Incident Management Team (Kelly Thorkilson, Ryan
Griffin, Johna Rossetti, Chief Griggs) on our options, and he asked to
review the document and come up with suggested course of action, to be
ready for a briefing of the new COTP by mid-next week.  They're ready 
to
walk away from the ship,  or try to refer it over to EPA, although they
still are worried about it and have it as a priority.  One big influence
is money - and in fact the NPFC has said they'll not spend anymore
dollars on it other than taking it out as it and sinking it.  If you'd
like to visit more about it, please let me know.


In the meantime, as you may recall, as part of our work for USCG, I went
ahead and contacted NMFS to get their help and take on the appropriate
ESA determination and course of action for when USCG works on the
vessel.  We were looking at whether the USCG will have to do a
Biological Assessment or not.  We had one of our contract PhD marine
toxicologists work on the ESA issues, and she came up with a draft "No
Effect" technical memorandum.  I have attached it below.  It is still
draft, but has some good info we obtained from the Navy on a deep 
water
disposal.


(See attached file: No effects tech memo Rev 3.docx)


Regards,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


[The attachment No effects tech memo Rev 3.docx has been manually 
removed]








From: Fuller, Steve
To: Richard Franklin
Subject: RE: LST-1166
Date: 06/30/2011 11:41 AM


Checking on that now.


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 30, 2011 11:35 AM
To: Fuller, Steve
Subject: LST-1166


Hey Steve,


When I briefed USCG on the EE/CA last week, Chief Griggs said that they
had recently heard from Cascade General and the other graving dock
facility that they would not take the LST nor lease out space at a dock
for shipbreaking and salvage.  This was reportedly due to problems with
the Davy Crockett work going on now.  Can you verify whether or not
their approach has changed from what we heard earlier and if they'll
take the LST or not?  If not, then that will have a bearing and more
positive influence on actual scuttling of the vessel.


Thanks,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178
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Show Details


LST 1166 EECA
Mon 06/06/2011 1:00 PM - 4:00 
PM
Attendance is required for Laurel Michael
Chair: Sirkku Vilpas/R10/USEPA/US
Rooms: Seattle 11D ECL - East/R10 Rooms Restricted@EPA
No Location Information


Required: Earl Liverman/R10/USEPA/US@EPA, Richard Franklin/R10/USEPA/US@EPA


Description


Personal Notes












From: Richard Franklin
To: Ruth Yender
Subject: Re: LST-1166
Date: 07/29/2011 03:37 PM


Thanks Ruth. I'm sure its good to be home.  And I do appreciate your review...its all helpful.  There's 
been a bunch of stuff going on with the LST, and we'll have to visit next week so I can catch you up to 
date. You may also want to check in with Kelly Thorkilson at the Sector. 


I'll call next week. Good to have you back.  Take it easy on yourself.


Richard 


  From: "Ruth.Yender" [Ruth.Yender@noaa.gov]
  Sent: 07/29/2011 03:06 PM MST
  To: Richard Franklin
  Subject: Re: LST-1166


Hi Richard,


I am back in Seattle and, though still in a fog, slowly trying to catch up with stuff at 
work and at home.  (Lots of new stories to share with you over beer some time).  


I'm not sure if my review of the draft Technical Memorandum on the need for a 
Biological Assessment you sent is any longer of use to you.  In any case, I finally 
reviewed it.  It looks fine to me with one potential typo exception.  On Page 2, 
Section 2.0, Alternative 3 is described as "with Partial Decontamination" whereas on 
page 3, Section 2.2., Alternative 3 is described as "with Full Decontamination."  
Seems that one or the other needs to be corrected.  Otherwise it looks good to me.


My apologies for this very late review.  I really appreciate you keeping me in the 
loop on the LST-1166 developments, even though I have not been directly engaged 
for some time.  Let me know if there is anything I can help with.  And perhaps I will 
see you at the derelict vessel workgroup meeting next week in Portland.


I hope all has been well with you.


Best Regards,
Ruth


Ruth Yender
Spill Response Scientific  Support  Coordinator for the Northwest and Oceania
Emergency Response Division
NOAA Office of Response and Restoration
7600 Sand Point Way NE
Seattle, WA 98115
Office:  (206) 526-6081
Cell:   (206)849-9926
Fax:  (206)526-6329
24 Hour Emergency:  (206)526-4911


On Jul 5, 2011, at 1:08 PM, Richard Franklin wrote:
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Hey Ruth,


I hope you made it back safe and sound and that your trip was
productive, although I know it is sometimes very difficult helping our
elderly parents and their affairs.


I conducted the LST briefing with the Sector Friday June 24, but we
neglected to get you on the phone. My apologies.  I had recommended 
they
include you but during the briefing I completely forgot to mention
bringing you in.  And I'm sure they would have but just forgot.
However, it does appear to me they are keeping the draft EE/CA close to
their vest.  They will be making a decision soon. I briefed Capt.
Tumbarello and his Incident Management Team (Kelly Thorkilson, Ryan
Griffin, Johna Rossetti, Chief Griggs) on our options, and he asked to
review the document and come up with suggested course of action, to be
ready for a briefing of the new COTP by mid-next week.  They're ready 
to
walk away from the ship,  or try to refer it over to EPA, although they
still are worried about it and have it as a priority.  One big influence
is money - and in fact the NPFC has said they'll not spend anymore
dollars on it other than taking it out as it and sinking it.  If you'd
like to visit more about it, please let me know.


In the meantime, as you may recall, as part of our work for USCG, I went
ahead and contacted NMFS to get their help and take on the appropriate
ESA determination and course of action for when USCG works on the
vessel.  We were looking at whether the USCG will have to do a
Biological Assessment or not.  We had one of our contract PhD marine
toxicologists work on the ESA issues, and she came up with a draft "No
Effect" technical memorandum.  I have attached it below.  It is still
draft, but has some good info we obtained from the Navy on a deep 
water
disposal.


(See attached file: No effects tech memo Rev 3.docx)


Regards,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


[The attachment No effects tech memo Rev 3.docx has been manually 
removed]












From: Fuller, Steve
To: Richard Franklin
Subject: RE: LST-1166
Date: 06/14/2011 10:56 AM


Richard,


Estelle is on it, she will provide an update by midafternoon, she
understands what we are looking for.  She researched the SINKEY with no
results last week.  Does someone in your shop have access to that study?
No links to it on their web page.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Tuesday, June 14, 2011 10:08 AM
To: Fuller, Steve
Subject: Fw: LST-1166


See below


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/14/2011 10:08 AM
-----


From:   "Griggs, James MSTC" <James.P.Griggs@uscg.mil>
To:     Richard Franklin/R10/USEPA/US@EPA
Cc:     "Thorkilson, Kelly LCDR" <Kelly.A.Thorkilson@uscg.mil>,
            "Boes, Richard R" <Richard.R.Boes@uscg.mil>, "Echols,
            Anthony MST2" <Anthony.G.Echols@uscg.mil>, "Potter, Luke
            MST1" <Luke.C.Potter@uscg.mil>
Date:   06/14/2011 08:05 AM
Subject:        LST-1166
Sent by:        James.P.Griggs@uscg.mil


Mr. Franklin:


I would call you back but I can't find the number and need to get back
to the Davy Crockett so this is simpler.


The LST-1166 is NOT sitting on the bottom, there is approximately 2 feet
of water below the vessel at low tide.  The bottom has hollowed out at
its location, creating a small dike around the vessel (or a divot in the
river bottom, whichever you prefer to think of it as).  The foam in the
lower two decks prevents the vessel from actually sinking to the bottom,
which was the design intent when it was added to make it a minesweeper.


No one has visited the vessel since the river levels have risen except
visually on a water patrol and I have no money left to pay for a dive
survey to assess the vessel underwater again.  The attitude of the
vessel has not changed, indicating it is still floating on the foam
buoyancy.


v/r


MSTC James "Pat" Griggs
Sector Columbia River
Phone: 503-240-2562
Fax: 503-240-9308
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From: Rossetti, Johna LT
Sent By: Johna.N.Rossetti@uscg.mil
To: Richard Franklin
Cc: Rossetti, Johna LT
Subject: LST 1166 EECA
Date: 05/27/2011 08:48 AM


Hi, Richard. 


LCDR Kelly Thorkilson is out of the office until the 7th of June but she mentioned that you were 
planning on having the EECA to her sometime this week.  When you have that ready to send, would 
you please send to me?


Thanks!


Very respectfully, 
Johna


LT Johna N. Rossetti
USCG Sector Columbia River
Incident Management Division 
Assistant Division Chief
PH:  503.861.6142
Johna.N.Rossetti@uscg.mil
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From: Mary Queitzsch
To: Richard Franklin
Cc: Dave Bartus; Earl Liverman
Subject: Re: LST-1166, Meeting to discuss PCB requirements, options, approach
Date: 06/06/2011 08:45 AM


I will be able to meet at 1:15 in  11D. Looking forward to the discussion.
--Mary


Mary Stroh Queitzsch
Office of  Regional Counsel
U.S. EPA, Region 10
1200 Sixth Avenue, Suite 900, ORC-158
Seattle, Washington  98101-3140
phone  (206) 553-0145
fax        (206) 553-1762


** Confidentiality Notice:  This email may contain information that is privileged,
confidential or exempt from disclosure from applicable law.  


▼ Richard Franklin---06/03/2011 04:07:42 PM---Hi All, I was not able to get a real
invitation to you this meeting via Lotus Notes, so, here's a qu


From:    Richard Franklin/R10/USEPA/US
To:    Dave Bartus/R10/USEPA/US@EPA, Mary
Queitzsch/R10/USEPA/US@EPA, Earl Liverman/R10/USEPA/US@EPA
Date:    06/03/2011 04:07 PM
Subject:    LST-1166, Meeting to discuss PCB requirements, options,
approach


Hi All,


I was not able to get a real invitation to you this meeting via Lotus
Notes, so, here's a quick email.  Earl and I arrive in Seattle around
noon, and hopefully will be at our office by 1:00.  Mary has a conflict
at 2:30 - 3:30.  I was hoping we could meet shortly after 1:00, say
1:15 or 1:30 in room 11D.  If this does not work, perhaps we could do
it later in the day or on Tuesday?  However, since this is so very
important to the EE/CA, I'd like to meet sooner rather than later if
possible.


Thanks,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205



mailto:CN=Mary Queitzsch/OU=R10/O=USEPA/C=US

mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US@EPA

mailto:CN=Dave Bartus/OU=R10/O=USEPA/C=US@EPA

mailto:CN=Earl Liverman/OU=R10/O=USEPA/C=US@EPA





Office:  (503) 326-2917
Cell:     (503) 475-4178 








From: Aaron Harrington
To: Richard Franklin
Subject: RE: LST-1166/ Vigor
Date: 07/27/2011 12:25 PM


Richard,
Thanks. I will keep it on the radar as we have formulated a tentative plan for recycling it.  Let 
me know if we can assist with anything in the future and continued success with your ongoing 
projects.


Best Regards,


Aaron Harrington
Environmental Manager
3840 W Marginal Way SW
Seattle, WA 98106
206-623-0621 Office
206-730-9362 Mobile
206-932-9036 Fax
www.gdiving.com


-----Original Message-----
From: Richard Franklin [mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Wednesday, July 27, 2011 12:17 PM
To: Aaron Harrington
Subject: Re: LST-1166/ Vigor


I did.  I spoke with a Vince, and we had a frank,open discussion on the
LST and Davy Crockett, and potential for Vigor to rent space or
otherwise take take the LST if USCG chooses that option.  The discussion
was MOST helpful.


So - thanks!


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178


From:   Aaron Harrington <AHarrington@gdiving.com>
To:     Richard Franklin/R10/USEPA/US@EPA
Date:   07/27/2011 12:12 PM
Subject:        LST-1166/ Vigor


Richard,
Just wanted to touch base and see if you were able to connect with Vince
at Vigor and get your questions answered.


Regards,


                                         
                Aaron Harrington         
                Environmental Manager    
                3840 W Marginal Way SW   
                Seattle, WA 98106        
                206-623-0621 Office      
                206-730-9362 Mobile      
                206-932-9036 Fax         
                www.gdiving.com          
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From: CHRISTENSEN Jeff
To: 'Thorkilson, Kelly LCDR'; 'William.R.Clark@uscg.mil'; Richard Franklin
Subject: LST 1166 Status?
Date: 05/27/2011 12:38 PM


Hello—
 
Hope you are looking forward to some sunshine(?) and R&R over the Memorial Day Holiday! 
 
Could one of you provide me with an update on the LST 1166?   Has EPA completed its removal
evaluation (EE/CA) and, if so, could you send me a copy and/or share with me the key findings or
conclusions? 
 
Hope to see you all at next week’s Task Force meeting.
 
Thanks,
 
Jeff Christensen, Manager
Emergency Response/Environmental Cleanup
Land Quality Division
Oregon DEQ
(503) 229-6391
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From: Richard Franklin
To: Aaron Harrington
Subject: Re: LST-1166
Date: 05/19/2011 04:08 PM


Hey Aaron.  We are just now finishing up our pre-final Engineering Evaluation and
Cost Analysis (EE/CA), which will get turned over to USCG in a couple of weeks. 
Then after they have a go at it, we'll finalize it.  USCG then will make their final
decision on disposal method, publish public notice and comment on the decision for
30 days, then they'll work on implementing their decision.  I'm guessing that's when
any RFPs might be sent out, but that's up to them.  I'll try to come by your booth.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ Aaron Harrington ---05/19/2011 03:54:00 PM---Richard, Just wanted to check in
and see if the EPA was still involved or if there was an ETA on a R


From:    Aaron Harrington <AHarrington@gdiving.com>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    05/19/2011 03:54 PM
Subject:    LST-1166


Richard,
Just wanted to check in and see if the EPA was still involved or if there was an ETA
on a RFP release for the LST-1166.  Thanks for your time and stop by our booth if
you attend the International Oil spill Conference next week in Portland.


 
Thanks again.


 
Regards,


 


Aaron Harrington
Environmental Manager
3840 W Marginal Way SW
Seattle, WA 98106



mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US
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From: Richard Franklin
To: Aaron Harrington
Subject: Re: LST-1166/ Vigor
Date: 07/27/2011 12:16 PM


I did.  I spoke with a Vince, and we had a frank,open discussion on the LST and
Davy Crockett, and potential for Vigor to rent space or otherwise take take the LST
if USCG chooses that option.  The discussion was MOST helpful. 


So - thanks!


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ Aaron Harrington ---07/27/2011 12:12:16 PM---Richard, Just wanted to touch
base and see if you were able to connect with Vince at Vigor and get y


From:    Aaron Harrington <AHarrington@gdiving.com>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    07/27/2011 12:12 PM
Subject:    LST-1166/ Vigor


Richard,
Just wanted to touch base and see if you were able to connect with Vince at Vigor
and get your questions answered.


 
Regards,


 


Aaron Harrington
Environmental Manager
3840 W Marginal Way SW
Seattle, WA 98106
206-623-0621 Office
206-730-9362 Mobile
206-932-9036 Fax
www.gdiving.com
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From: Fuller, Steve
To: Richard Franklin
Subject: RE: More data for LST
Date: 06/06/2011 11:41 AM


Got it, thanks.
 
From: Franklin.Richard@epamail.epa.gov [mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Monday, June 06, 2011 11:35 AM
To: Fuller, Steve
Cc: Liverman.Earl@epamail.epa.gov; Queitzsch.Mary@epamail.epa.gov
Subject: More data for LST
 
Hey Steve, 


In the effort to understand fate, transport, leaching, eco-risk of PCBs in deep water, and in order to
have this data referenced and described in the EE/CA, I found some more seemingly very important
studies referenced in the 2006 EX-ORISKANY Ecological Assessment provided to the Navy.  I've
attached it here.  In Intro section 2.3, p. 2-3 (and in Section 9 References), there are references that
include: a database of PCBs in solid materials present in Navy ships, a detailed literature review of
PCBs in sediments and biota of the deep ocean environment, a human health and eco-risk study with
data collected from the deep water SINKEX study of the EX-AGERHOLM.  Would be good to review
these to determine applicability to the LST.  We still need to get as much as can of this type of what
may be supporting info into the EE/CA and justification for sinking as an option. 


Thanks, 


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178



mailto:SFuller@TechLawInc.com

mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US@EPA






From: Richard Franklin
To: robert.c.anderson@noaa.gov
Cc: Earl Liverman
Subject: LST-1166
Date: 05/16/2011 09:18 PM
Attachments: LST Approval Memo Final.doc


LST1166 redacted.ppt


Hey Robert,


Thanks again for coming out to meet us and join us in looking at the vessel and in
having good discussion.  I thought it  was a very productive trip, and we look
forward to working with you and NMFS.  I have attached some files below to give
you a historical background of the vessel and the current action.


 


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 



mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US

mailto:robert.c.anderson@noaa.gov

mailto:CN=Earl Liverman/OU=R10/O=USEPA/C=US@EPA



[image: image1.png]UNITED STATES ENVIRONMENTAL PROTECTION AGENCY



REGION 10



1200 Sixth Avenue, Suite 900



Seattle, WA 98101-3140


OFFICE OF 



ENVIRONMENTAL CLEANUP



PAGE  





December 16, 2010



MEMORANDUM



SUBJECT:
Request to Prepare a Draft Engineering Evaluation/Cost Analysis for the LST-1166, Columbia County, Oregon



FROM:
Richard Franklin, On-Scene Coordinator





Emergency Response Unit



THRU:
Chris D. Field, Manager





Emergency Management Program



TO:

Daniel D. Opalski, Director





Office of Environmental Cleanup



I.
PURPOSE



The purpose of this Approval Memorandum is to request and document approval to prepare a draft Engineering Evaluation/Cost Analysis (EE/CA) for a non-time critical removal action proposed by the U.S. Coast Guard (USCG) for the ex-USS Washtenaw County LST-1166 (LST-1166), an abandoned former Navy vessel located in Columbia County, Oregon.



The USCG requested the U.S. Environmental Protection Agency (EPA) prepare a draft EE/CA because of EPA’s expertise and experience with the EE/CA development process.  The USCG is the lead agency for the LST-1166 because it is located within the coastal zone.  The USCG will fund EPA’s activities through a Pollution Removal Funding Authorization (PRFA) dated September 2, 2010.



This action meets the criteria for initiating a removal action under the National Oil and Hazardous Substances Pollution Contingency Plan (NCP), 40 CFR §300.415 (b)(2)(i), and (b)(2)(ii).



II.
BACKGROUND



The CERCLIS ID No. is ORN001002909.  The EPA Site ID No. is 10JR.




A.
Location


The LST-1166 is an abandoned, former U.S. Navy (USN) vessel illegally moored along the bank of the Columbia River across from Lord Island at River Mile 63. It is located approximately 4.5 miles west/northwest of Rainier, Columbia County, Oregon, and is also 1.5 miles downstream and south of Longview, Washington (Lat. 46˚ 07΄ 18˝ N, Long 123˚ 00΄ 51˝ W, see Attachment 1).



The Columbia River supports a wide array of fish and wildlife and sensitive environments.  The river has been designated as critical habitat for the two species of federal-listed threatened salmon and is a migratory pathway critical for the maintenance of Steelhead trout.  Additionally, the adjacent Lord Island is designated a “waterfowl concentration” area by the Region 10 Geographic Response Plan.  LST-1166 is located in a semi-remote part of the river; however this area of the Columbia River is extensively used for fishing by the public and is downstream from a public access beach.  The immediate area around the LST-1166 is both recreational and industrial.



B. 
Site Description


The LST-1166 was built in 1953 as a tank landing ship for the USN, but was converted into a minesweeper in 1973 for service in Vietnam. It was decommissioned later that year.  The vessel measures 373.9 feet long at the waterline, is 55 feet in breadth, and weighs 2418 gross tons. After being decommissioned, LST-1166 was transferred to the U.S. Maritime Administration (MARAD) for disposal as scrap.  MARAD sold the vessel to a foreign flag.  The vessel has been used commercially by at least two foreign-flag owners.  In 1980 it was towed to Astoria, Oregon because of mechanical troubles.  Since that time it has been inactive and changed ownership several times.  It has also been moored in several locations along the Columbia and Willamette rivers.  The current owner, Washtenaw County LST-1166, LLC, is a defunct non-profit organization which bought the ship with the intent of developing it into a maritime museum.  In 2002, the ship was relocated to its current location and some efforts were made to refurbish the vessel.  However, conversion to a maritime museum was not successful.



In 2004 trespassing aboard the vessel began.  The ship has since been subject to  profound vandalism, illegal stripping of metal, wiring, piping, hatches and valves, and has been used for illegal methamphetamine activity and waste oil dumping.  The vessel’s hull is in a deteriorating and compromised condition and the vessel has taken on water from an apparent leak in its hull.  The bottom two decks and engine room of LST-1166 are currently flooded.



The LST-1166 is bordered on the south by forested river bank, wetlands, and open farmland.  Several farms are located within one mile; the closest lies within ¼-mile.  Lord Island, an uninhabited island of forest and wetlands is located to the north directly across the river channel from the vessel. 



The following threatened or endangered species are present in the vicinity of LST-1166: Chinook salmon (Oncorhynchus tshawytscha), Coho salmon (Oncorhynchus kisutch), Chum Salmon (Oncorhynchus keta), and Steelhead Trout (Oncorhynchus mykiss).



C. Vessel Ownership



After decommissioning by the USN, LST-1166 was struck from the Naval Register and transferred to MARAD on July 1, 1973.  It was subsequently bought by foreign interests and registered as AL MANHAL I from 1973 to 1980, and as EL CENTROAMERICANO from 1980 to 1984.   Attempts to restore the vessel began in 1983 when the vessel was purchased from a Portland tug company by Mr. Arthur Raz.  Mr. Raz passed away in 1993 and the vessel sat idle for several years.  In 2001, Mr. Bill Brown attempted to purchase the ship and began to refurbish it, but Mr. Brown could not meet the financial obligations of the vessel and the deal fell through.  The vessel was towed from Gunderson, Oregon to the Port of St. Helens on March 29, 2002.  Several efforts were made by the Port of St. Helens to remove LST-1166 due to improper mooring and a potential threat of damaging surrounding vessels.  In October 2002 a notice of eviction was issued by the Port of St. Helens.  Also in 2002, an Oregon non-profit organization headed by Mr. Walt James, otherwise known as Amphibious Forces Memorial Museum, LLC (AFMM), began efforts to purchase the vessel.  AFMM then relocated it to its current location.  



On May 29, 2003, AFMM was successful in purchasing the vessel.  In December 2003, AFMM changed its name to Washtenaw County - LST1166, LLC.  The company was administratively dissolved August 4, 2006, but was reinstated September 24, 2007.  USCG Sector Portland has issued three Administrative Orders and a Captain of The Port (COTP) order to the vessel owners for environmental cleanup and mitigation of potential threats from the vessel, but the owner has not complied.  Furthermore, the Certificate of Financial Responsibility (COFR) Guarantor for the vessel, Lloyds of London, ultimately cancelled the COFR as of February 7, 2008 and refused to conduct a clean up of the vessel.  Washtenaw County LST-1166, LLC is for all intents and purposes financially defunct. 



D.
USCG and EPA


The LST-1166 is clearly within the USCG’s Area of Responsibility (AOR) for which it is the lead agency for response incidents under the NCP and the Area Contingency Plan (ACP).   This includes spill responses and removal actions conducted pursuant to the federal Clean Water Act (CWA) as amended by the Oil Pollution Act of 1990 (OPA), and the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA).



As lead agency, the USCG previously ordered the owner of the vessel to remove contaminants from the vessel (see discussion below) and submit a comprehensive plan which could possibly conclude with vessel disposal at sea.  Such disposal would have required obtaining EPA’s approval and use of EPA’s Ocean Dumping General Permit (GP) (40 CFR Part 229.3) for the transportation and disposal of vessels in ocean waters pursuant to the Marine Protection, Research and Sanctuaries Act (MPRSA).  Lloyds of London’s contractor did seek authorization to use the Ocean Dumping GP to dispose of the LST-1166 at sea, but authorization was not granted by EPA because the contaminants had not been removed and the terms of the GP had not been met.  It has since been determined that, due to the presence and levels of PCBs onboard, disposal of PCBs on the LST-1166 in the ocean is also covered by the Toxic Substances Control Act (TSCA).  



The USCG has also expressed interest in disposal of the vessel in the ocean, but has explored other options such as cleaning and recycling.  Because of the complexity of potential removal options, including disposal at sea, EPA has offered assistance to the USCG for the limited purpose of preparing a draft EE/CA to assess a limited number of removal action alternatives appropriate for the vessel.



III.
NATURE AND EXTENT OF CONTAMINATION




On September 7, 2007, the USCG was notified by local law enforcement authorities that a sheen of oil was discharging from the vessel onto the Columbia River.  The USCG visited the vessel immediately and determined that LST-1166 was posing a substantial threat of discharge of oil and release of hazardous substances into the Columbia River and the surrounding environment due to the deteriorating condition of the vessel and the large amount of oil and hazardous substances on board.  Further investigation revealed that the cause of the sheen was stripping of piping, valves, wire, and hydraulic lines from the vessel by thieves.  The thieves had also ripped open asbestos insulation in order to recover copper wiring.




Due to an inadequate response by the Responsible Party, the USCG conducted interim removal activities from July 2008 to January 2009.  The USCG removed and disposed all petroleum products, as well as many hazardous materials, including: 3,975 gallons (gals) of fuel and oil, 26,342 gals of oily water, 8,100 pounds (lbs) of oily debris, 465,800 gals of water needing treatment, 5,125 gals of polychlorinated biphenyls (PCB) oil from forward hydraulics and piping, 349,442 lbs of PCB-contaminated solids, 120 cubic yards friable asbestos, 5 lbs of mercury, and 4 lbs of hypodermic needles.  Remaining asbestos insulation on walls, surfaces and piping was encapsulated with a polymer.




Hazardous substances remaining after the interim removal activities include flaking lead-based paint on the exterior of the vessel, flaking PCB and lead-based paints on the interior of the vessel, asbestos wiring insulation containing PCBs, and encapsulated asbestos.  Swipe and paint flake samples taken by the USCG has shown levels of PCBs in interior paint to range from <0.5 ppm to 72.6 ppm.  PCB levels in asbestos wiring insulation range from <0.5 ppm to 2160 ppm.  Lead levels in paint range from 3.42 ppm to 8,200 ppm.




During a recent inspection by EPA, painted surfaces throughout the interior and exterior of the vessel were found to be corroding and flaking, and with paint chips littering most horizontal surfaces and deck floors.  Furthermore, paint was observed to be flaking off external surfaces and the hull and falling into the Columbia River.  Also during the inspection, an unknown type of oil was observed floating on top of waters which had flooded the lower decks.  Finally, several rooms and interior spaces remain filled completely with foam from earlier refitting of the vessel as a mine sweeper.



IV.
THREAT TO PUBLIC HEALTH, WELFARE, OR THE ENVIRONMENT



Substances found on the LST-1166, including the substances discussed above in the preceding section, constitute hazardous substances as defined by Section 101(14) of CERCLA, 42 U.S.C. §9601(14).   Oils found and discharged from LST-1166, also discussed above in the preceding section, meet the definitions of “oil” and “discharge” as defined in Sections 311(a)(1) and (2) of the CWA, 33 U.S.C. §1321(a)(1) and (2) and Sections 1001(23) and (7) of OPA, 33 U.S.C. §2701(23) and (7).



A. Human Health and the Environment



Threats from exposure to contaminants onboard the vessel are both human and ecological.  The elevated concentration of hazardous substances and exposure of contaminated surfaces to the environment indicates that inhalation (air) and direct contact (dermal) human exposure pathways exist.  Nearby water recreationists and trespassers could be exposed to the contaminants.  Furthermore, the potential for exposure is elevated because the contact of the exterior of LST-1166 is unrestricted to weather and the environment. Open contact with the Columbia River could result in redistribution of contaminants through the water column and/or sediments.  



Ecological receptors, including avian, mammalian, fish, and marine plant receptors could become exposed to elevated levels of contaminants found either on the vessel, or in the Columbia River water or sediments contaminated by these materials.  Similarly, ecological receptors could become exposed through ingestion of paint flakes, water and sediments contaminated by these materials. 



B. Expected Change if No Action is Taken



If no action is taken, or if action is further delayed:



· hazardous substances will remain as potential human health and environmental threats based on inhalation, direct contact, and ingestion pathways;



· hazardous substances will remain a potential continuing source of solid phase contaminants; and



· petroleum product will likely continue to discharge into the Columbia River.




V.
ENDANGERMENT DETERMINATION




The USCG made a finding that actual or threatened release of hazardous substances within and from LST-1166 may present an imminent and substantial endangerment to the public health, welfare, or the environment within the meaning of Section 104(a) of CERCLA, 42 U.S.C. §9604(a).  The actual or substantial threat of a discharge of oil from LST-1166 in contravention of Section 311(b) of the CWA, 33 U.S.C. §1321(b) may be harmful to the public health,  welfare, or the environment of the United States, including but not limited to fish, shellfish, wildlife, and public and private property, shorelines, and beaches.



VI.
ENFORCEMENT ACTIONS



This section does not apply because the USCG is the lead agency for the removal action, and the USCG is funding EPA’s limited involvement with the EE/CA development process. 



VII.
PROPOSED PROJECT/OVERSIGHT AND COSTS



EPA will prepare only a draft EE/CA.  All other EE/CA process requirements such as the administrative record, community relations, and selection of the final alternative in an Action Memorandum will be addressed by the USCG, with assistance from EPA.  Based on the analysis of the nature and extent of contamination, and the clean up objectives developed as part of the draft EE/CA, a limited number of removal action alternatives will be identified and evaluated against the scope of the removal action and against each specific objective.  The alternatives for the vessel that will be subject to individual and comparative analysis will likely include (1) contaminant and oil removal and ocean disposal, (2) a combination of contaminant encapsulation and oil removal along with ocean disposal, and (3) contaminant and oil removal and scrapping/recycling at a ship-breaking facility.  The USCG, with EPA’s assistance, is expected to select a final removal action alternative following public review and comment. EPA’s estimated costs for conducting the draft EE/CA are approximately $98,000, and these costs will be reimbursed by the USCG pursuant to the PRFA.  



VIII.
RECOMMENDATION



Conditions at the LST-1166 Site meet the National Oil and Hazardous Substances Pollution Contingency Plan, 40 CFR Part 300.415(b) for removal action, and I recommend your approval to prepare a draft EE/CA on behalf of the USCG. 



Approval:  __________

Disapproval:  __________



Signature:  _____________________________________________________



Date:  ________________________



Attachments: 1) Site Location Map
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LST-1166 












































Background of LST-1166


			Built in 1954 as LST-1166 (USS Washtenaw County)


			Converted to a Special Minesweeper Ship and redesignated (MSS-2) on 9 February 1973


			Served in Vietnam


			Struck from Naval Register on 30 August 1973


			Registered commercially as AL MANHAL I (1973-1980) and as EL CENTROAMERICANO (1980-1984)


			Arrived in tow at Portland, OR in October 1980 with mechanical troubles 


			Upon return to the U.S., the vessel was associated with several private/nonprofit owners









































Background Continued


			Profound history of vandalism


			Platform for drug use and general delinquency


			Victim of severe scrapping by Longview-Kelso meth user community


			Removal of most hatches, bulkheads, scuttle hatches, valves, pipes, etc.  























Debris removed




















Location of LST-1166


			Currently tied up in the Columbia River west of Portland, OR


			Slough behind Lord Island


			Approximately 10-14 feet of water with no land access


			Coordinates:  N 46º 07.310





				 W 123º 00.910 















































View of exterior hull at aft bridge (3/10)











Chipping Paint and debris on lower deck











asdf


View of Foredeck











Deteriorating SuperStructure











Peeling Celing Paint on Interior Deck














More Peeling Paint














Interior Wiring
















From: Fuller, Steve
To: Richard Franklin
Subject: RE: NOAA Reference
Date: 06/22/2011 04:06 PM


Made all the edits to cost tables, EE/CA text and Tech Memo awaiting any
comments on the EE/ca from you and this reference.


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Wednesday, June 22, 2011 3:44 PM
To: Fuller, Steve
Subject: NOAA Reference


I just spoke to Ruth.  She's in Chicago tending to an ill father.  Even
so, she said that she worked with her own scientists and NMFS on the
siting of the disposal location, and will try to dig up the information
/ reference she sent to USCG by this afternoon or tomorrow.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178



mailto:SFuller@TechLawInc.com

mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US@EPA






From: Richard Franklin
To: SFuller@TechLawInc.com
Subject: LST-1166 Extension of Time for Delivery of EE/CA to USCG
Date: 06/16/2011 03:26 PM


I spoke to USCG this afternoon and briefed them as to late breaking info we're
getting, and they agreed that we could have a bit more time to finish.  They'd like to
have a hand-off of the draft EE/CA to them by next Friday, June 17.  Gives us a little
more breathing room.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 



mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US
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From: Richard Franklin
To: Fuller, Steve
Subject: Re: LST
Date: 05/20/2011 11:16 AM


Hey Steve.  Earl has just sent his edits to me, but I have not finished my own yet. 
Will send both of ours to you today, early afternoon.  I'm aware at this point that
flipping it back to us today is not really doable (I don't think), so lets work on
getting it back to me by Monday or Tuesday next week.  You and I'll both have a
better handle on it once you see our edits. 


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ "Fuller, Steve" ---05/20/2011 09:20:16 AM---Richard,


From:    "Fuller, Steve" <SFuller@TechLawInc.com>
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    05/20/2011 09:20 AM
Subject:    LST


Richard,


 
Good morning.  We have blue sky and it might hit 70F.  When do you think I will see
your edits?  Just trying to prioritize things.


 
Best,
Steve


 
Steve Fuller L.E.G., P.G.
Sr. Consultant
Techlaw Inc.
101 Yesler Way, Suite 600
Seattle, WA 98104
206.577.3051 (O)
206.276.7844 (C)


 



mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US

mailto:SFuller@TechLawInc.com






From: Fuller, Steve
To: Richard Franklin
Subject: RE: No effects Tech memo - LST 1166
Date: 05/25/2011 08:59 AM


Got it , thank you very much.
 


From: Franklin.Richard@epamail.epa.gov [mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Tuesday, May 24, 2011 6:25 PM
To: Fuller, Steve
Cc: Sharon Nickels
Subject: Re: No effects Tech memo - LST 1166
 


My Mistake... Was handled and sent to you et al by Jeffrey Fowlow.  May have been today


  From: Richard Franklin
  Sent: 05/24/2011 09:22 PM EDT
  To: "Steve Fuller" <SFuller@TechLawInc.com>
  Cc: "Sharon Nickels" <nickels.sharon@epa.gov>
  Subject: Re: No effects Tech memo - LST 1166


 


Thanks Steve.  However, this task and additional funding was already amended onto the original TDD, and signed
by Sharon. I thought you guys should have gotten it by now.  Let me know....and I'll check with Sharon.


  From: "Fuller, Steve" [SFuller@TechLawInc.com]
  Sent: 05/24/2011 01:58 PM AST
  To: Richard Franklin
  Subject: No effects Tech memo - LST 1166


 
Richard,
 
I have the folks in place and will start as soon as the TDD arrives.
 
Best,
Steve
 
Steve Fuller L.E.G., P.G.
Sr. Consultant
Techlaw Inc.
101 Yesler Way, Suite 600
Seattle, WA 98104
206.577.3051 (O)
206.276.7844 (C)
 



mailto:SFuller@TechLawInc.com
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From: Chris Field
To: Gilberto Irizarry
Cc: Calvin Terada; Richard Franklin
Subject: LST-1166 update
Date: 08/04/2011 04:12 PM


Tito, 
Thanks for the call on this.  The USCG is still in partial denial on this and talking
about walking away from it.  I don't really think that can happen, but I can't force
them to come to terms with it, they need to arrive at that themselves.  Ultimately I
believe it is going to cost an additional $3-4M CERCLA to get it prep'd and delivered
to a scrap yard.  However it wouldn't surprise me if that doesn't happen until early
next fiscal year.  I'll call you early next week to discuss further.


Chris D. Field, Program Manager
EPA Emergency Management Program, R-10
(206) 553-1674



mailto:CN=Chris Field/OU=R10/O=USEPA/C=US
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From: Richard Franklin
To: Steve Fuller
Cc: Sharon Nickels
Subject: Re: No effects Tech memo - LST 1166
Date: 05/24/2011 06:25 PM


My Mistake... Was handled and sent to you et al by Jeffrey Fowlow.  May have been today 


  From: Richard Franklin
  Sent: 05/24/2011 09:22 PM EDT
  To: "Steve Fuller" <SFuller@TechLawInc.com>
  Cc: "Sharon Nickels" <nickels.sharon@epa.gov>
  Subject: Re: No effects Tech memo - LST 1166


Thanks Steve.  However, this task and additional funding was already amended onto the original TDD,
and signed by Sharon. I thought you guys should have gotten it by now.  Let me know....and I'll check
with Sharon.


  From: "Fuller, Steve" [SFuller@TechLawInc.com]
  Sent: 05/24/2011 01:58 PM AST
  To: Richard Franklin
  Subject: No effects Tech memo - LST 1166


Richard,
 
I have the folks in place and will start as soon as the TDD arrives.
 
Best,
Steve
 
Steve Fuller L.E.G., P.G.
Sr. Consultant
Techlaw Inc.
101 Yesler Way, Suite 600
Seattle, WA 98104
206.577.3051 (O)
206.276.7844 (C)
 



mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US
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From: Griggs, James MSTC
Sent By: James.P.Griggs@USCG.MIL
To: Richard Franklin; Thorkilson, Kelly LCDR
Cc: Rossetti, Johna LT; Echols, Anthony MST2; Boes, Richard R
Subject: RE: PRFA Amendment for LST-1166
Date: 06/10/2011 12:32 PM
Attachments: PRFA Amendment to EPA.pdf


Signed copy attached.  All requested changes are approved.


Once we receive the final EE/CA on 1 Jul we will have to consult with NPFC regarding funding since 
this used the last of the ceiling I was authorized.  I can put forward NPFC is reluctant to go 
forward with any option outside of ocean dumping due to costs, especially after the Davy Crockett.


v/r


MSTC James "Pat" Griggs
Sector Columbia River
Phone: 503-240-2562
Fax: 503-240-9308
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From: Richard Franklin
To: SFuller@TechLawInc.com
Subject: LST-1166
Date: 06/30/2011 11:35 AM


Hey Steve,


When I briefed USCG on the EE/CA last week, Chief Griggs said that they had
recently heard from Cascade General and the other graving dock facility that they
would not take the LST nor lease out space at a dock for shipbreaking and salvage. 
This was reportedly due to problems with the Davy Crockett work going on now. 
Can you verify whether or not their approach has changed from what we heard
earlier and if they'll take the LST or not?  If not, then that will have a bearing and
more positive influence on actual scuttling of the vessel.


Thanks,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
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From: Richard Franklin
To: Steve Fuller
Cc: Sharon Nickels
Subject: Re: No effects Tech memo - LST 1166
Date: 05/24/2011 06:22 PM


Thanks Steve.  However, this task and additional funding was already amended onto the original TDD,
and signed by Sharon. I thought you guys should have gotten it by now.  Let me know....and I'll check
with Sharon.


  From: "Fuller, Steve" [SFuller@TechLawInc.com]
  Sent: 05/24/2011 01:58 PM AST
  To: Richard Franklin
  Subject: No effects Tech memo - LST 1166


Richard,
 
I have the folks in place and will start as soon as the TDD arrives.
 
Best,
Steve
 
Steve Fuller L.E.G., P.G.
Sr. Consultant
Techlaw Inc.
101 Yesler Way, Suite 600
Seattle, WA 98104
206.577.3051 (O)
206.276.7844 (C)
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From: Fuller, Steve
To: Richard Franklin
Subject: RE: Proposed dump site for LST-1166
Date: 06/23/2011 10:03 AM


Perfect.


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Thursday, June 23, 2011 9:30 AM
To: Fuller, Steve
Subject: Fw: Proposed dump site for LST-1166


Hey Steve - I just wanted to make sure you had this email.  The others
that I sent show the behind the scenes work and considerations (and
maps) for the scuttling site, but this one gives the clear "good to go"
from NMFS.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/23/2011 09:28 AM
-----


From:   "Ruth.Yender" <Ruth.Yender@noaa.gov>
To:     Richard Franklin/R10/USEPA/US@EPA
Date:   06/22/2011 03:59 PM
Subject:        Fwd: Proposed dump site for LST-1166


Hi Richard,


Looks like our review of proposed USCG coordinates was relatively
informal.  I'll also forward a few emails of the interchange with NMFS.


Best Regards,
Ruth


Ruth Yender
Spill Response Scientific Support Coordinator for the Northwest and
Oceania Emergency Response Division NOAA Office of Response and
Restoration
7600 Sand Point Way NE
Seattle, WA 98115
Office:  (206) 526-6081
Cell:  (206)849-9926
Fax:  (206)526-6329
24 Hour Emergency:  (206)526-4911


Begin forwarded message:


      From: Ruth.Yender <Ruth.Yender@noaa.gov>
      Date: June 21, 2009 10:12:09 PM PDT
      To: "Griggs, James MSTC" <James.P.Griggs@uscg.mil>
      Subject: Re: Proposed dump site for LST-1166


      Hello Pat,


      NOAA's National Marine Fisheries Service has given their okay to
      this location for scuttling the LST-1166.
      Looks like you are good to go from NOAA's perspective.


      Best Regards,
      Ruth


      Ruth Yender
      Scientific Support Coordinator for the Northwest and Oceania
      Emergency Response Division
      NOAA Office of Response and Restoration
      7600 Sand Point Way NE
      Seattle, WA 98115
      Office:  (206) 526-6081
      Cell:  (206)849-9926
      Fax:  (206)526-6349
      24 Hour Emergency:  (206)526-4911


      On Jun 11, 2009, at 10:13 AM, Griggs, James MSTC wrote:


            You are probably tired of hearing from me, but we need to
            know if this site
            would be acceptable to dump the LST-1166, a 373.9 foot long
            vessel.
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            The site I have identified is 46 degrees 20 minutes North,
            125 degrees 26
            minutes West.


            Thank you,


            v/r


            MSTC James "Pat" Griggs
            Sector Portland
            Incident Management Response
            Phone: 503-240-2562
            Fax:   503-240-9308


            "Don't part with your illusions. When they are gone you may
            still exist, but
            you have ceased to live." ~ Mark Twain








From: Richard Franklin
To: Earl Liverman
Subject: Conversation with Steve and other info Fw: LST-1166
Date: 06/14/2011 10:13 AM


FYI.....I just got off the phone with Steve.  Had a calm, good conversation.  Was a
bit chilly at first.  I laid it all out verbally to him, went back over the deep water
references that I had sent previously for them to use, and he's going to work with
his eco-assessor and get back to me today.


Also, please see below.  I called the USCG and asked if the vessel was really sitting
on the bottom as reported.  It is not.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/14/2011 10:10 AM -----


From:    "Griggs, James MSTC" <James.P.Griggs@uscg.mil>
To:    Richard Franklin/R10/USEPA/US@EPA
Cc:    "Thorkilson, Kelly LCDR" <Kelly.A.Thorkilson@uscg.mil>, "Boes, Richard R"
<Richard.R.Boes@uscg.mil>, "Echols, Anthony MST2" <Anthony.G.Echols@uscg.mil>, "Potter,
Luke MST1" <Luke.C.Potter@uscg.mil>
Date:    06/14/2011 08:05 AM
Subject:    LST-1166
Sent by:    James.P.Griggs@uscg.mil


Mr. Franklin:


I would call you back but I can't find the number and need to get back to
the Davy Crockett so this is simpler.


The LST-1166 is NOT sitting on the bottom, there is approximately 2 feet of
water below the vessel at low tide.  The bottom has hollowed out at its
location, creating a small dike around the vessel (or a divot in the river
bottom, whichever you prefer to think of it as).  The foam in the lower two
decks prevents the vessel from actually sinking to the bottom, which was the
design intent when it was added to make it a minesweeper.


No one has visited the vessel since the river levels have risen except
visually on a water patrol and I have no money left to pay for a dive survey
to assess the vessel underwater again.  The attitude of the vessel has not
changed, indicating it is still floating on the foam buoyancy.


v/r


MSTC James "Pat" Griggs
Sector Columbia River
Phone: 503-240-2562
Fax: 503-240-9308
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From: Richard Franklin
To: Dave Bartus; Mary Queitzsch; Earl Liverman
Subject: LST-1166, Meeting to discuss PCB requirements, options, approach
Date: 06/03/2011 04:07 PM


Hi All,


I was not able to get a real invitation to you this meeting via Lotus Notes, so, here's
a quick email.  Earl and I arrive in Seattle around noon, and hopefully will be at our
office by 1:00.  Mary has a conflict at 2:30 - 3:30.  I was hoping we could meet
shortly after 1:00, say 1:15 or 1:30 in room 11D.  If this does not work, perhaps we
could do it later in the day or on Tuesday?  However, since this is so very important
to the EE/CA, I'd like to meet sooner rather than later if possible.


Thanks,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
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From: Richard Franklin
To: Earl Liverman
Subject: Re: Please resend the NOAA SSC risk evaluation
Date: 05/27/2011 01:48 PM
Attachments: NOAH Risk LST1166 PCBs.docx


Whoops - just sent you the wrong file!  Use this one.......


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ Earl Liverman---05/27/2011 09:14:40 AM---From: Earl Liverman/R10/USEPA/US
To: Richard Franklin/R10/USEPA/US@EPA


From:    Earl Liverman/R10/USEPA/US
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    05/27/2011 09:14 AM
Subject:    Please resend the NOAA SSC risk evaluation 
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[bookmark: PCBs_(Polychlorinated_Biphenyls)]Risk Evaluation of Paint PCBs in the LST-1166 at 1000 Fathoms


Background on PCBs (Polychlorinated Biphenyls) in Paint


PCBs (polychlorinated biphenyls) were used in the past in paint formulations as drying oils (resins) and plasticizers or softening agents (liquids) to make application easier. Because PCBs have great heat resistance qualities, they were particularly used in paint formulations for surfaces that were exposed to elevated temperatures for long periods, such as coated surfaces in engine rooms. PCBs were also used in marine and waterproofing applications. 





LST-1166 and Environmental Fate of PCBs in Paint at 1000 Fathoms


Of the total painted surface area aboard the LST-1166, approximately 440,000 square feet are reported to contain PCBs, in concentrations ranging between < 0.5 ppm to 72.6. ppm PCBs. Assuming a ballpark estimate of 200 square feet/gallon coverage of paint and assuming an average PCB concentration in the paint to be 50 ppm, we estimate the maximum total mass of PCBs in the paint on the LST-1166 to be approximately 550 grams.  





PCBs in paint are bound in the matrix of the paint solid structure and, as such, not available in a form that would expose or be bioavailable to marine organisms. PCBs exhibit very low water solubility, particularly in salt water. Therefore, we would not expect these PCB laden paints to leach out free PCBs into the water column.





Furthermore, at a resting depth on the ocean floor of somewhere around 1,000 fathoms (over a mile), there are few environmental factors acting on the paint to release the entrapped PCBs. Temperatures are cold, pressures high, and currents minimal. We would expect the PCBs to be retained in the solid structure of the paint for a long period of time.





Given that average currents at 1,000 fathoms typically would be very weak, less than 0.1 knots, any paint flecks making their way outside the vessel would settle out on the bottom sediment surface within a few tens of yards of the vessel. We would expect paint flecks deposited on the substrate at this depth to ultimately be buried in the sediment near the vessel. Even if PCBs were somehow to become free from the paint matrix in the flecks, they would strongly adsorb to sediments in the vicinity of the vessel. Pure Araclor 1254, for example, is a clear extremely viscous liquid (comparable to molasses) with an adsorption coefficient of Koc = 76,000. This very large Koc indicates the distinctive tendency of PCBs to adhere to solid particulate, such as soil or sediment, with great tenacity.





Only internal painted surfaces of the LST-1166 were found to contain PCBs. Perhaps areas with the largest mass per volume of PCB laden paint, such as the engine room, could be sealed off prior to scuttling to keep them relatively undisturbed.





Submitted by:  Ruth Yender, NOAA Scientific Support Coordinator for the Northwest and Oceania, and the NOAA Emergency Response Division Scientific Support Team













From: Fuller, Steve
To: Richard Franklin
Subject: RE: Proposed dump site for LST-1166
Date: 06/22/2011 04:17 PM


Excellent!


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Wednesday, June 22, 2011 4:13 PM
To: Fuller, Steve
Subject: Fw: Proposed dump site for LST-1166


See attachments below...the real maps.  Please use these also for the
EE/CA instead of the one generated by TechLaw.


Thanks,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178
----- Forwarded by Richard Franklin/R10/USEPA/US on 06/22/2011 04:12 PM
-----


From:   "Ruth.Yender" <Ruth.Yender@noaa.gov>
To:     Richard Franklin/R10/USEPA/US@EPA
Date:   06/22/2011 04:04 PM
Subject:        Fwd: Proposed dump site for LST-1166


>>
(See attached file: Map.pdf)(See attached file: Picture 3.pdf)
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From: Clark, William
Sent By: William.R.Clark@uscg.mil
To: brett.elliott@mcso.us; CHRISTENSEN.Jeff@deq.state.or.us; DBYE461@ecy.wa.gov; Richard Franklin;


louise.c.solliday@dsl.state.or.us; MELISSA.FERRIS@dnr.wa.gov; Nancy.Pustis@state.or.us;
paul.garrahan@doj.state.or.us; rbullene@osmb.state.or.us; Ruth.Yender@noaa.gov;
SMITH.Scott@deq.state.or.us; Terada.Calvin@epamail.epa.gov; Thorkilson, Kelly LCDR


Cc: Tumbarello, Leonard CAPT; Griffin, Ryan CDR; Williamson, James CDR; Rossetti, Johna LT; Zamperini, Michael
CDR; Huska, Melissa LT; Maginot, Jeremy LTJG


Subject: DERELICT VESSEL TASK FORCE FOLLOW UP
Date: 06/03/2011 02:04 PM
Attachments: Derelict Vessel Task Force Charter With Comments 5_6_11.docx


Copy of Derelict Vessel Tracker2.xlsx


Greetings;


First I would like to thank you all for coming to the second meeting of the Derelict Vessel Task 
Force. Your attention and interest in solving the growing problem of derelict and abandoned 
vessels was very apparent. Thank you.


While we did not cover all of our proposed agenda items we did make solid progress in 
understanding the scope, authority and funding in each agency's abandoned/derelict vessel and/or 
environmental programs as related to vessels.  We also reviewed the charter one more time.  I have 
attached the new draft charter in "track changes" mode.  I am sure I did not capture all the 
suggested changes or some of the nuance in those that I recorded.  However, keep in mind that our 
guideline statement in paragraph 3 gives us the "flexibility..to modify the objectives to best 
accomplish the Charter's Mission." To me that means; let's not get bogged down while attempting to 
make this the Magna Carta. If the document is not meeting our needs we can change it later.  Our 
emphasis is accomplishing the mission.  Having said that, let me know what I can change to make it 
a better document.


I also added the Director of Oregon State Lands as a Task Force Member as requested by Nancy 
Pustis. I also added Brett Elliott of Multnomah County River Patrol and Paul Garrahan of Oregon 
DOJ to the distribution list (thanks for coming and participating).


The USCG spreadsheet of known potential abandoned/derelict vessels was requested by several of you. 
I added it as an enclosure. Here is my disclaimer. "I caution all users that this is very 
preliminary and should be used as just one information source in a more comprehensive research 
effort on each vessel. Also, the hyper links will not work in the current spread sheet because of 
the fire walls within the USCG system.  We are working hard to make this a better information 
source.


I also promised the link to what I termed as "abandoned/derelict vessels 101:" 
http://marinedebris.noaa.gov/projects/pdfs/09ADVwkshop.pdf


Here is a reference list on abandoned vessels from NOAA: 
http://response.restoration.noaa.gov/book_shelf/1054_2005_1101_selected_lit_review_notes.pdf
and another one: 
http://response.restoration.noaa.gov/book_shelf/1053_2005_1101_selected_lit_review.pdf. 


And here is a list of Publications by the NOAA Abandoned Vessel Program: 
http://response.restoration.noaa.gov/resource_resourcetopic.php?
RECORD_KEY(resourcetopics)=resourcetopic_id&resourcetopic_id(resourcetopics)=84.


I am out of the office all next week but start thinking about agenda items for our next meeting 
which will occur in about a month.  It was suggested by several of you to make the meeting longer 
(maybe as much as 4 hours) in order to make more progress and make the meeting more valuable for 
those who are driving long distances.  I agree.  We may want to consider having it at the USCG 
base again as we have free parking and support of a galley and a small convenience store. Those 
small items make longer meeting more comfortable.


Here are the suggested items that we did not get to cover yesterday. You may want to consider 
them, refine them or change them entirely. When I get back I will refine the draft agenda ideas 
and send out a "doodle" meeting notice.


3) What does a consolidated Derelict Vessel Identification Program look like? (e.g. who collects, 
how to collect, what to collect, where to deposit the information, how to recall the information, 
how to train collectors of the info).


4) What is the best method to prioritize clean up and/or removal of derelicts that everyone can 
agree on?


Best Regards,


Randy Clark
503-247-4007
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RRT/NWAC WORKGROUP TASK FORCE 2011





Workgroup: Columbia River Derelict Vessels


  


Purpose: 


The Columbia River Derelict Vessel Task Force is a forum of stakeholders whose purpose is to identify and remove imminent pollution and hazard to navigation threats from derelict vessels, barges, and houseboats along the upper, middle and lower Columbia River and Willamette Rivers in the states of Washington and Oregon. . 





Mission Statement: 


The mission of this task force is to recommend policy, share information, and foster the collaborative and shared efforts of Task Force members to identify and mitigate the harmful effects of derelict vessels, barges, and houseboats along the middle and lower Columbia River and Willamette Rivers. 





Guidelines: 


Flexibility is provided to the taskforce to modify the objectives to best accomplish the Charter’s mission. The taskforce will forward issues through the Steering Committee to the Executive Committee as needed for approval/consensus.  Each task force has a point of contact (POC) from the Steering Committee to assist in coordination between the task force and the Steering Committee. The Steering Committee POC for this task force is LCDR Kelly Thorkilson, USCG. 





Each task force has an executive sponsor from the Executive Committee to assist in promoting the efforts of the task force to the Executive Committee, and ensuring appropriate involvement from other agencies. The executive sponsor for this workgroup is CAPT Doug Kaup, USCG. 


The Chair is responsible for regular communication with the designated Steering Committee POC, including providing meeting minutes, updates, and change recommendations to the Northwest Area Contingency Plan (NWACP). The Chair for this task force is Mr. Randy Clark, USCG.  


In addition to supporting the public policy work of the RRT/NWAC, recommendations and results of the task force will also be provided to District 13 of the USCG, the Governors of the States of Washington and Oregon, and the Washington Commissioner of Public Lands.





Objectives: 





1. Inventory derelict vessels, barges, and houseboats along the Columbia and Willamette Rivers. 





2. Determine derelict vessels, barges, and houseboats that pose actual or potential pollution threats and hazard to navigation. 





3. Prioritize and Rremove all pollution, HAZMAT, and navigational threats from identified derelict vessels, barges, and houseboats.  Prioritize and facilitate the removal of vessels that do not pose an immediate threat of pollution or hazard to navigation through the Task Force collective authority.





4. Conduct regular, intense, smart surveillance for prevention of pollution, HAZMAT, or navigational threats stemming from derelict vessels, barges, and houseboats.





5. Develop a list of law and policy areas for investigation where existing rules and policies could be changed to facilitate the reduction of current and future derelict and abandoned vessels.





6. Identify opportunities to align Washington and Oregon laws addressing derelict vessels with the goal of moving toward a consistent regulatory regime on the Columbia River.





7. Maintain effective communications with state and local agencies, CG Auxiliary, and Federal partners.








Anticipated Work Products/Deliverables:



1. Develop a working inventory of derelict vessels presenting actual or potential pollution threats or hazards to navigation.





2. Address pollution threats and navigational hazards, i.e., implement actions required to mitigate identified threats and hazards from derelict vessels, developing case studies and success stories.





3. Develop a shared understanding of the current authorities and abilities of state and federal agencies to prevent and address problems caused by derelict vessels and facilitate collaboration of the agencies consistent with these current authorities and abilities.  The Task Force may recommend policies and future initiatives for future consideration of the RRT/NWAC and other entities.





4. Sponsor a workshopworkshops to inform, engage and solicit input from other stakeholders interested in addressing the problems presented by derelict vessels.





5. Host a progress report briefing for the Governors of Oregon and Washington and the Washington Commissioner of Public Lands to include a site visit and/or over flight of identified Columbia River derelict vessels.





6. Provide progress reports on each of the preceding activities at the October RRT/NWAC meeting.








Task Force Members





			CAPT Douglas E. Kaup, USCG Sector Columbia River Captain of the Port and 


NWAC CO-Chair (Executive Sponsor)





			douglas.e.kaup@uscg.mil





			LCDR Kelly Thorkilson, Sector Columbia River Incident Management Chief  (NWAC Steering Committee POC)





			kelly.a.thorkilson@uscg.mil





			Mr. Randy Clark, Sector Columbia River Marine Transportation Recovery and Salvage Planner


(Task Force Chairman)





			william.r.clark@uscg.mil





			Rachel Bullene, Oregon State Marine Board


Oregon Clean Marina Coordinator





			rbullene@osmb.state.or.us





			Dave Byers, Washington Department of Ecology, Spill Response Section Manager





			dbye461@ecy.wa.gov





			Jeff Christensen, Director of Oregon Oregon Department of Environmental Quality, Manager Emergency Response/Environmental Cleanup, Land Quality Division


Department of Environmental Quality





			christensen.jeff@deq.state.or.us





			Melissa Montgomery Ferris, Washington State Department of Natural Resources, Derelict Vessel Removal Program Manager





			melissa.ferris@dnr.wa.gov





			Richard Franklin, EPA Federal On-Scene Coordinator





			Franklin.Richard@epamail.epa.gov








			Nancy Pusstis Oregon Division of State Lands, Western Region Manager





			Nancy.pustis@state.or.us





			Louise Solliday, Director, Oregon State Lands



			Louise.c.solliday@dsl.state.or.us





			Ruth Yender, NOAA Scientific Support Coordinator





			Ruth.Yender@noaa.gov













Sheet1


			Vessel Name			ID #			Owner or Contact			Identifying Characteristcs			Location			Status			Condition			Known Hazmat/Pollution			Last  Harpat			Noticable Changes/Discrepancies from air			Picture			MISLE Case #


			LST 1166									363', 60 years old,			Moored downstream of the Longview Bridge on the OR side of the river @ 46-07'23"N, 123-00'48"W						Currently an ongoing Federal Project			Paint contains PCB's									LST1166


			LCI-713						Harvey Walt James

Amphibious Forces Maritime Museum

509-427-5402 / 503-266-9173

10270 SW Boones Ferry, Portland, Oregon 97219			 373.9 ', 17' designed draft.  			Moored downstream of the I-5 Bridge on the OR side, near Thunderbird Hotel - Portland, OR alongside Tug SASANOA @ 45-37'02"N, 122-40'51"W			Moored			Taking on water.  Shell is wasted providing no support for shell plating.												LCI-713


			Tug SASANOA						Owned by a nonprofit maritime organization			Web Site: 			Moored downstream of the I-5 Bridge on the OR side, near Thunderbird Hotel - Portland, OR alongside LCI-713 @ 45-37'02"N, 122-40'51"W


			STERNWHEELER JEAN						Originally owned by Western Transportation Tug & Barge Co (sold in 1998).			140', built in 1938, displaces 533 tons, sternwheel is missing			In Snake River near Lewiston, ID @ 45-36'39", 122-41'21"W			UNK			In poor condition, has a lot of asbestos on board, possibly wiring/insulation.												Jean


			CGC Alert									Former Coast Guard Cutter, 83 years old.			Anchored in Columbia Slough near the Stern Wheeler Jean; near Ross Island Sand and Gravel - Portland, OR @ 45-36'39", 122-41'21"W						Poor condition following collision in2006.  Concrete box patches over wasted bottom plate IWO boiler room.												Alert


			BARGE DAVY CROCKETT						Brett Simpson (relinquished claim to vessel, OSLTF opened to clean pollution/salvage vsl)			Former WWI 1944 Liberty Ship converted to barge.  			Moored ~ 4 mi upstream of the I-205 bridge on the WA side of the river @ 45-36'18", 122-30'18"W			Currently being breaked  			Vessel is in poor condition as owner attempted to salvage vessel starting midship.  Vessel broke in half and caused pollution in the river.


			River Queen									216', 88 years old, previously ceritificated passenger vessel			Upstream from Goble Marina - OR @ 46-00'40"N, 122-52'19"W						Owners believe there is very little Bunker C oil solidified on board, lead paint, and asbestos on board.  Hull appears to be degrading at the water line.												River Queen


			El Conquistador						Privately owned.			72-year old former tug converted for planned use as a passneger vessel, but was never used. 			Currently moored in Coos Bay, OR.  COTP prevented vessel from leaving estuary until the vessel is inspected and certified.																		El Conquistador


			Manzanillo						Ross Bennett 666265 Columbia River Hwy, Deer Island, OR.       (503) 422-8775			65' tug, 			Moved from Rainier Foss Dock to Scappoose Bay on 3/11.  Update 06APR11:  Vessel is not in Scappoose Bay.			OSMD, DEQ, DSL, Columbia County and USCG working together to develop a plan to hopefully remove the boat for salvaging.			Large diesel engine is present and it is likely it has oils present inside and in tanks.  Potential hazmat was onboard (paints, VOCs) but containers were sealed and located in a fairly secure location with no releases.  2 large propane tanks on rear deck are secured.  												MANZANILLO


			Abandoned Barge						Paul Mower    (403) 384-1496  Ron Reimer     (403) 888-3549 Tony Kim          (403) 818-9528 Brett Simpson (509) 929-0217			Vessel looks it could have been a ship in the past before converted to barge, much like DAVY CROCKETT.  			Dallesport, WA @ 46-00'00"N, 121-18'36"W																		Barge Dallas


			Pacific Producer						Chris Tsboris  (POC): Willapa Bay Harbor master			Blue hull, white superstructure			Raymond, WA						waiting for findings from commission board												PACIFIC PRODUCER


			Silver Vessel												Dismal Nitch, WA						Security issue w/ disgruntled owner


			Orion						Wig Bisbee (360)580-5812			Old Fishing boat			Raymond, WA						Owner lives onboard and has threatened former Detached Inspector (LCDR Cain) with shotgun on previous visit. 												ORION


			Joker						Wig Bisbee (360)580-5812			Old Fishing boat (Empty shell)			Raymond, WA																		MV JOKER


			Transfer Barge						Cal Portland Sand & Gravel, POC: Gene Northway 503-543-7116			Possible transfer barge.			Across from Terminal 4 - Portland, OR @ 45-35'51"N, 122-46'46"W						Spudded into ground, had piping ashore.			None.  Barge is used to facilitate the transfer of dredged materials from dredges to shore facility


			POLAR STAR Tug and Barge												Down river from Hadley's Landing Marine Park - Portland, OR - 45-48'26"N, 122-49'17"W						Poor condition.			Vessel has unknown amount of red diesel in the bilges.  Admin Order issued requiring owner to inventory hazmat/pollution and remove everything onboard


			House Boat						UNK						45-48'26"N, 122-49'17"W						Poor condition.


			House Boat						UNK						45-44'12"N, 122-50'30"W						Poor condition.												House Boat2


			Katy B						UNK						UNK


			Unknown Vessel						UNK			No name visible, stern appeared to have recently been painted over with Gray Primer.  Approximately 200' in length.  "Keep Off" spray painted on the bridge wing			45-39'37"N, 122-51'56"W						UNK


			Abandoned Barge						UNK						45.805744N, 122.821213W						UNK


			Abandoned Vessel						UNK						46.0897706N, 122.88957W						UNK


			Abandoned Vessel						UNK			Approx 40' in length, abandoned on the OR side of the Columbia River			45-50'29"N, 122-47'33"W						UNK


			Abandoned Vessel						UNK			No name could be seen.  Approx 30' in length, tri-hull, abandoned on the OR side of the Columbia River			45-27'10"N, 122-47'02"W						UNK


			Abandoned Vessel & Barge						UNK			Vessel is partially submerged and definitely derelict.  Barge appears to be floating but unattended and tied off.			Located approx 2 miles East of the Astoria Megler Bridge on WA side @ 46-15'29"N, 123-51'01"W


			Abandoned Barges						UNK			Two barges appear to have been sitting for a long time.  Tied off near the waste water treatment facility in Washougal, WA			45-34'07"N, 122-25'47"W
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From: Griggs, James MSTC
Sent By: James.P.Griggs@uscg.mil
To: Richard Franklin
Cc: Thorkilson, Kelly LCDR; Boes, Richard R; Echols, Anthony MST2; Potter, Luke MST1
Subject: LST-1166
Date: 06/14/2011 08:05 AM


Mr. Franklin:


I would call you back but I can't find the number and need to get back to the Davy Crockett so 
this is simpler.


The LST-1166 is NOT sitting on the bottom, there is approximately 2 feet of water below the vessel 
at low tide.  The bottom has hollowed out at its location, creating a small dike around the vessel 
(or a divot in the river bottom, whichever you prefer to think of it as).  The foam in the lower 
two decks prevents the vessel from actually sinking to the bottom, which was the design intent 
when it was added to make it a minesweeper.


No one has visited the vessel since the river levels have risen except visually on a water patrol 
and I have no money left to pay for a dive survey to assess the vessel underwater again.  The 
attitude of the vessel has not changed, indicating it is still floating on the foam buoyancy.


v/r


MSTC James "Pat" Griggs
Sector Columbia River
Phone: 503-240-2562
Fax: 503-240-9308
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From: Richard Franklin
To: Earl Liverman
Subject: Re: Please resend the NOAA SSC risk evaluation
Date: 05/27/2011 01:47 PM
Attachments: EPA cleanup listv3.doc


The only one I can find is this draft version.  But, it pretty much has what's required
by OD.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ Earl Liverman---05/27/2011 09:14:40 AM---From: Earl Liverman/R10/USEPA/US
To: Richard Franklin/R10/USEPA/US@EPA


From:    Earl Liverman/R10/USEPA/US
To:    Richard Franklin/R10/USEPA/US@EPA
Date:    05/27/2011 09:14 AM
Subject:    Please resend the NOAA SSC risk evaluation 
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From:    Jonathan Freedman, Ocean Dumping Coordinator



To:  
  Lt. Shaun Edwards, USCG



Date:  
  April 23, 2010



Subject:  LST-1166 - Preliminary List of Action Items Needed to be Undertaken to Remove to the Maximum Extent Practicable All Materials Which May Degrade the Marine Environment 



Three EPA personnel inspected the LST-1166 on March 26, 2010; Tristen Gardner (PCB Program); Richard Franklin (Oregon Operations Office, On Scene Coordinator); Jonathan Freedman (Ocean Dumping Program).  Richard Franklin had inspected the vessel previously, earlier in the year.


Broadly, we made a preliminary determination that pending completion of further analysis of Polyclorinated Bi-Phenyls (PCB) aboard LST-1166, including completion of the risk analysis process for PCBs, the main areas needing work in preparation for possible ocean disposal are the following:



1. Paint: Any peeling, chipped, or exfoliating paint must be removed from all walls and floors where it is found, including upper and lower decks, passageways, and stairs.  



2. Oils:   An inspection of the lower decks could not be performed owing to standing water apparently 20’ deep, owing to a broken seal during previous remediation work.  EPA cannot determine whether oils and fuels have been removed to the maximum extent practicable until the water is pumped out of the vessel and an inspection can be performed.



3. Debris:  On the deck and the lower tank transport deck, we observed engines, generators, cables, winches, girders, several boom arms and other assorted equipment.  Some of this equipment appeared possibly functional, but all of it is capable of detaching from the vessel during disposal operations and becoming floating debris.  This is not permissible.  The equipment must be removed, welded or caged to the vessel before the vessel can be scuttled.  Some of this equipment may have residual oils remaining.  The equipment must be inspected and any residual liquids removed before the vessel can be scuttled.



4. Foam – Polyurethane foam apparently must be restricted to closed compartments on board the vessel.  We were shown one compartment trespassers had exposed and begun removing foam.  Any loose, exposed foam must be removed from the vessel.  All compartments filled with foam must be securely sealed before scuttling so that foam will not be released into the water or air during transport and disposal operations.



5. PCBs – Please be aware that additional PCB removal is still being assessed.



6. Asbestos - Asbestos flooring Asbestos flooring was observed in the mess hall.  If any of the remaining friable asbestos is friable, it must be removed from the vessel.



Work necessary for specific areas of the vessel -


1. Upper deck area:



a. Rear deck:  Winches should be battened down and welded in place.



b. Midships: There are forklifts at midships which could contain residual oils.  They should be removed or cleaned and tied down



c. Ropes and cables, steel on deck: All need to be removed and recycled as appropriate.



d. Stern end, starboard and port: Draw works and winches must be secured to the deck by bolts or welding.  A boom or lift arm on the on one end appears to be resting on the deck, the other is attached to the winch.  The free end must be welded down.



e. Stern end, port.  Same equipment, same comment as above.



f. Pallets and hoses at rear deck, and engines, generators:  These items all must be removed.



g. Mid-deck: Presence of girders; rusty and flaked paint.   Flaking, exfoliating and rusty paint must be removed.  Paint chips on the deck itself must also be removed from the vessel.  Girders must either be removed and recycled or taken to a lower deck and either welded in place or secured in a sealed compartment.



h. Bow: steel ramp and wooden hatch cover:  The wooden hatch cover must be removed and disposed off site.  The steel ramps are apparently used to seal below deck areas off and must remain in place.  If the vessel is ocean disposed, measures must be taken to ensure these ramps are firmly welded in place before disposal.



i. Bow chain house: Chains need to be removed and presence of PCBs in paint needs to be verified.


2. Superstructure:  This consists mostly of the Pilot House at the rear of the vessel.


a. Chips of flaking paint were observed on the deck and walls in the superstructure.  These paint chips must be removed and properly disposed of.  Paint still on walls but showing signs of exfoliation and peeling must also be removed and properly disposed of.



b. There were several capacitors in the officer’s area which should be removed from the vessel.



3. Rear Mess deck: Contains a mess hall, laundry and cooking area.  There is flaking paint in these areas which has PCBs but apparently at levels less than on lower decks, such as the engine room. The PCB paint is still being assessed through the risk analysis; however, as previously indicated, any flaking paint must be removed from the vessel.


4. Military Tank Storage deck:  The following applies to all equipment remaining on this deck.  We observed at least several engines, generators and other machinery standing at various locations.  EPA expects the USCG to explore options for removal of this equipment.  If equipment can be removed from the vessel, then it must be removed.  As we discussed, for any equipment that is not removed, the equipment must be thoroughly checked and cleaned of any residual oils, and then either welded down, or confined within cage material.  



5. Lower decks:  These decks could not be inspected due to standing water, following breakage of a seal.  The depth of this water was estimated at as much as 20’ deep.  The lower decks have apparently been cleaned of petroleum-based liquid and fuels.  The water must be pumped out so that EPA can inspect the lower decks to determine if they have been cleaned of liquid fuels and petroleum products to the maximum extent practicable, as specified in the general permit (40 CFR 229.3.    



Jonathan Freedman



Northwest Ocean Dumping Coordinator



Sediment Management Program



Preliminary List of cleanup needed for LST 1166



Page 3 of 3










From: Fuller, Steve
To: Richard Franklin
Subject: RE: TDD
Date: 06/23/2011 09:59 AM


Thank you very much


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Wednesday, June 22, 2011 5:25 PM
To: Fuller, Steve
Subject: TDD


FYI.......I just amended the TDD by 40 hours and $3,600.  Sharon said
she'll sign it.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178



mailto:SFuller@TechLawInc.com
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Meeting Invitation Declined:
Calendar Entry
Subject: PCB & LST 1166 (Conf Call)
When  
Date: Wednesday  06/01/2011
Time: 01:30 PM - 02:00 PM   (0 hours 30 minutes)
Chair: Daniel Duncan
Invitees  
Required (to): Dave Bartus/R10/USEPA/US@EPA; Earl Liverman/R10/USEPA/US@EPA; Mary Queitzsch/R10/USEPA/US@EPA;


Richard Franklin/R10/USEPA/US@EPA
Optional (cc):
Where  
Location: PTU Team Room


To discuss PCBs and LST 1166 per Richard's Request.


Dan - I'd love to run some stuff by you and visit for 5 - 10 minutes if you're around
at this late hour.  If not today, and you have some time, I'd like to get a quick
conference call together on Tuesday between yourself, Mary Queitzcsh, and Earl
Liverman.


Thanks,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
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From: Sharon Nickels
To: Jbaer@TechLawinc.com; rdoyle@techlawinc.com; acollette@techlawinc.com; SFuller@TechLawInc.com
Cc: Richard Franklin
Subject: LST
Date: 06/23/2011 10:36 AM
Attachments: Active Amendment #10-12-0040.pdf


Sharon Nickels, Project Officer 
START 3 & Warehouse Contracts
US EPA - Region 10
1200 Sixth Avenue - Suite 900 - ECL-116
Seattle, WA   98101
(206)553-6644 (desk)
(206)419-2762(cell)


 - Active Amendment #10-12-0040.pdf
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Printed : 06/23/2011 at 10:35:51 AM Active Amendment #10-12-0040



TECHNICAL DIRECTION DOCUMENT (TDD) - LATEST AMENDED ACTIVE TDD
START 3 CONTRACT #: EP-S7-06-03 - TechLaw
TASK ORDER #: CERCLA:  ER/Removal -- 



Techlaw
TDD NUMBER:  10-12-0040-C



TechLaw, Inc
TLTO-001



TDD INFORMATION
Activity Type:  II.D.03  Engineering Evaluation & Cost Analysis(EE/CA)
Task Monitor:  Richard Franklin       



Date Created:  
06/22/2011
Verbal Date:   
Original Created:  
12/21/2010
Last Updated:  
12/22/2010



SITE INFORMATION
Site/Project Name:  LST-1166 EE/CA 
County (Burrough) Name:  Columbia
City:  Rainier State:  OR  Zip: 
CERCLIS/FPN #:   ORN001002909
SSID #:   10JR Watershed: Columbia Basin 
Action Code:  EE



Estimated Cost:  $87,250
Estimated Hrs:  922
Completion Date:  
09/15/2011



Region: 10
Source of Funds  CERCLA:  ER/Removal
Function: Removal Assessment  



Deliverable:  Other  
RCMS? Yes
SEDD/ADR? Yes



TASK INFORMATION



Provide EE/CA for the ex-USS Washtenaw LST-1166 site according to EPA non-time-critical 
guidance document EPA-540-R-93-057.  Provide annotated outline of components of EE/CA and 
Gantt chart for project schedule specific to LST-1166 (exhibit 5 of EPA guidance) by 01/10/11. 
Contractor must also abide by relevant terms of the USCG Pollution Removal Funding 
Authorization dated Sept 2, 2010.  Provide interim draft EE/CA to EPA by March 15, 2011; 
individual major sections of EE/CA may be submitted for review as completed.  Research and 
complete technical memorandum on Endangered Species Act findings and recommendations. 
Coordinate with OSC, USCG, NOAA, and other state/local agencies.  



Specific Element(s)
Response



Attachments (may be hidden from contractors): 



Justification for Amendments:  
Amendment A:   provides for an extension of the completion date until September 15, 2011 due to 
delays in schedule and to allow for full completion of the EE/CA process.
Amendment B:  provides for additional tasking, hours (90) and cost ($8,000) in order for 
contractor to: 1) research and complete technical memorandum on Endangered Species Act 
findings and recommendations, and 2) complete EE/CA.
 Amendment C:  provides for additional tasking, hours (40) and cost ($3,600) in order for 
contractor to allow for incorporation of new research, information, and completion of ESA and 
EE/CA
SIGNATURES AND APPROVALS
TDD Created By: Richard Franklin  Date Approved:  06/22/2011    
Reviewed and Approved by: 
Project Officer:  Sharon 
Nickels 



Date Approved:   06/23/2011



Date Completed



Received by Contractor 
Date Received











Printed : 06/23/2011 at 10:35:51 AM Active Amendment #10-12-0040



Contracting Officer:    Date Approved:    
 













From: Richard Franklin
To: Steve Fuller
Subject: Re: Rev. 1 of the EECA
Date: 05/18/2011 02:43 PM


Perfect. Thanks. I've put in a call to Seattle to find out how many $$ we've got available to add to your
TDD.


  From: "Fuller, Steve" [SFuller@TechLawInc.com]
  Sent: 05/18/2011 05:13 PM AST
  To: Richard Franklin
  Subject: RE: Rev. 1 of the EECA


Richard,
 
My risk assessor in the Sacramento office said she could do you right with a No Effects Memo for
$4,900.00
 
Best,
Steve
 
From: Franklin.Richard@epamail.epa.gov [mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Wednesday, May 18, 2011 1:58 PM
To: Fuller, Steve
Cc: Martin, Bradley; Liverman.Earl@epamail.epa.gov; Ban, Tiffany
Subject: Re: Rev. 1 of the EECA
 
Thanks Steve. 


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


From:        "Fuller, Steve" <SFuller@TechLawInc.com> 
To:        Richard Franklin/R10/USEPA/US@EPA 
Cc:        Earl Liverman/R10/USEPA/US@EPA, "Martin, Bradley" <BMartin@TechLawInc.com>, "Ban, Tiffany"


<TBan@TechLawInc.com> 
Date:        05/18/2011 01:28 PM 
Subject:        Rev. 1 of the EECA


Richard, 



mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US

mailto:SFuller@TechLawInc.com

mailto:SFuller@TechLawInc.com

mailto:BMartin@TechLawInc.com

mailto:TBan@TechLawInc.com





  
Latest revision and estimates for your review/edit/etc.  Cost increases in Alt. 1&2 are related to a revised estimate
for foam removal and some adjustments to PCB paint removal.  Earlier estimate we were provided for foam
removal  was for work in a dry dock.  These are for work over water. 
  
As for the budget as of last Friday we were at 89.7%.  With the site visit and report work this week we likely have
about $4000.00 remaining as of today.  Depending on your comments and CG comments this might be sufficient
to address them, but likely little wiggle room. 
  
I’ll  get an estimate for crafting a “No Effects Memo” to you soon. 
  
Best, 
Steve 
  
Steve Fuller L.E.G., P.G. 
Sr. Consultant 
Techlaw Inc. 
101 Yesler Way, Suite 600 
Seattle, WA 98104 
206.577.3051 (O) 
206.276.7844 (C) 
 [attachment "Copy of LST1116 Cost Est Tbls.xlsx" deleted by Richard Franklin/R10/USEPA/US] [attachment "LST-
1166_EECA_Draft (Revised May 2011 srf) (3).docx" deleted by Richard Franklin/R10/USEPA/US]








From: Fuller, Steve
To: Richard Franklin
Subject: FW: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/16/2011 11:03 AM


Richard,


I'm on a call until 10:30.  Estelle says these are no help, she has seen most of these already.  
She really needs the deep water SINKEY stuff.


Best,
Steve


-----Original Message-----
From: Robert K Johnston [mailto:johnston@spawar.navy.mil] 
Sent: Thursday, June 16, 2011 10:50 AM
To: Franklin.Richard@epamail.epa.gov
Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 
71750; Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752; George, Robert D CIV SPAWARSYSCEN-PACIFIC, 
71752; Fuller, Steve
Subject: Re: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and other Contaminants


Hi Richard,


I was good talking with you. We are working on getting a CD with all the SINKEX studies for you. 
All the Oriskany reports are available at http://environ.spawar.navy.mil/Projects/REEFEX/index.html


You may also be interested in these references as well:
EPA Guidance for artificial reefs
http://water.epa.gov/type/oceb/artificialreefs_index.cfm


SEA 21 Navy Inactive Ships Program
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/default.aspx
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/oriskanyfaqs.aspx


Ships to Reefs Program
http://www.ships2reefs.com/displaycommon.cfm?an=1&subarticlenbr=17


South Carolina Artificial Reef Program
http://saltwaterfishing.sc.gov/artificialreef.html


Florida Artificial Reef Program
http://myfwc.com/conservation/saltwater/artificial-reefs/


Escambia County (FL) Artificial Reefs
http://www.myescambia.com/Bureaus/CommunityServices/ArtificialReefs.html


Currents Article on Sinking Oriskany
http://www.enviro-navair.navy.mil/currents/summer2006/Sum06_Ships_To_Reef_Program.pdf


Artificial Reef Society of BC
http://www.artificialreef.bc.ca/


and the ultimate source....
Wikipedia
http://en.wikipedia.org/wiki/Artificial_reef


I hope that helps.


-bob
--
~~~o~~~<><~~~~o~~~><>~~~o~<><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW Space and Naval Warfare Systems Center Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279
johnston@spawar.navy.mil


> ________________________________
>
> From: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Sent: Tue 6/14/2011 3:52 PM
> To: Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752
> Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; George, Robert D CIV 
> SPAWARSYSCEN-PACIFIC, 71752
> Subject: FW: Assistance on SPAWAR reports re Deep Ocean Effects from 
> PCBs and other Contaminants
>
> Roy/Rob/Bill,
>
> Can you please provide a response to the request below.
>
> Thanks,
>
> Bart
>
> -----Original Message-----
> From: Franklin.Richard@epamail.epa.gov 
> [mailto:Franklin.Richard@epamail.epa.gov]
> Sent: Tuesday, June 14, 2011 1:57 PM
> To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Cc: SFuller@TechLawInc.com



mailto:SFuller@TechLawInc.com

mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US@EPA





> Subject: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs 
> and other Contaminants
>
> HI Bart,
>
> Thanks for visiting with me this afternoon about Mr. (Dr?) Gauthier's reports on the release of 
PCBs and other contaminants in the deep ocean from sunken vessels.  As I mentioned in our call, we 
are working to assist the U.S. Coast Guard, Sector Columbia River, with conducting an Engineering 
Evaluation and Cost Analysis (EE/CA) of disposal options for an ex-Navy ship that has been 
abandoned on the lower Columbia River.
>
> The vessel is an attractive nuisance, but more specifically is contaminated with PCBs in 
interior paint and PCB-laced asbestos cabling insulation.  The USCG would like to scuttle the 
vessel in 1000 fathoms of water, 65 miles offshore the coast Oregon.
>
> In conducting the EE/CA, we've been having a hard time finding appropriate, helpful studies or 
data on what might happen to PCBs in the deep ocean environment.  However, we did find references 
to Mr.
>
> Gauthier's work in SPAWAR's January 2006 Final Report on the 
> Ecological Risk Assessment on the EX- ORISKANY, specifically;
>
> Gauthier et al. 2006. Risk Assessment of the Potential Release of PCBs and Other Contaminants 
from Sunken Navy Ships in the Deep Ocean: ex-USS AGERHOLM Case Study.
>
> Final
> report prepared for SINKEX Technical Working Group, by Space and Naval Warfare Systems Center, 
San Diego, CA. (in prep).
>
>  Another reference that looks to be helpful in this report is:
>
> Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha Stallard, and D. H. 
Rushworth 1994. Ecological Analysis of Deep Sea Sinking of Navy Ships Containing Polychlorinated 
Biphenyls (PCB) Impregnated Materials, White Paper. Naval Command, Control, and Ocean Surveillance 
Center Research Development Test and Evaluation Division (NRaD), Environmental Sciences Division, 
Code 52, 4 March 1994, San Diego, CA.
>
> We've not been able to locate the these studies, so I'd like to request a copy from your agency 
if possible.  Any help you can provide will be appreciated.  We'd love to get our hands on a copy 
soon (would be great to have it such electronic copy, but of course hard copy is great, too).
>
> At this point, ANY help is highly appreciated.  Any other references that you may deem to be 
helpful would be appreciated.  Also, I've cc'd our EPA contractor who is assisting with our risk 
assessment and also putting our report together.
>
> Thanks again for your help,
>
> Richard Franklin
> Federal On-Scene Coordinator
> U.S. EPA Region 10
> Oregon Operations Office
> 805 SW Broadway, Suite 500
> Portland, OR  97205
>
> Office:  (503) 326-2917
> Cell:     (503) 475-4178








From: Richard Franklin
To: Earl Liverman
Subject: Ocean Dumping Regs and EPA Ship scrapping Guidance
Date: 05/16/2011 04:09 PM
Attachments: shipscrapguide.pdf


40 CFR Part 229.pdf
0605finalreefguidance.pdf


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 
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NOTICE



This document provides guidance to assist regulated entities to understand their
obligations under environmental laws; however, for a complete understanding of all
legal requirements, you must refer to applicable federal and state statutes and
regulations.  This guide is a compliance assistance tool only, and it neither changes nor
replaces any applicable legal requirements, nor does it create any rights or benefits for
anyone.  This guide also describes in a summary fashion the roles and activities of
federal agencies; however, the guidance does not limit their otherwise lawful
prerogatives, and the agencies may act at variance with it, based on specific
circumstances. This guidance may be revised without prior notice.  Mention of trade
names or commercial products in this document, or in associated references, does not
constitute an endorsement or recommendation for use.



RECOMMENDATIONS FOR USING THE GUIDE



We recommend that users organize this guide in 3-ring binders.  Each separate stand-alone
section can then be removed from the binder, copied, and easily posted or handed out to
workers undertaking specific ship scrapping operations.  Each section can also be used in
training workers about the best practices for specific ship scrapping operations.  Additionally,
Appendix C, which is a series of summaries of inspector highlights, can be used to review
important regulatory requirements for each process.  Users may want to laminate copies of the
summaries for each worker or to post the summaries near the job site as reminders of
regulations and best practices.  It would be helpful to have someone translate the information if
your workers are more familiar with a language other than English.



SURVEY REQUEST !!!!!!!!!!!!



You are invited to share your opinions and thoughts about this document.  Please complete the survey
questionnaire–A Guide for Ship Scrappers Survey.  It is located on the U.S. EPA Web Site at:
http://www.epa.gov/oeca/fedfac/fflex.html.  





http://www.epa.gov/oeca/fedfac/fflex.html
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PREFACE 



This guide is intended to provide site supervisors at ship scrapping facilities with an
overview of the most pertinent environmental and worker health and safety
requirements to assist them in ensuring compliance at their facilities.  The guide is
structured by specific processes (e.g., asbestos removal, metal cutting, fuel and oil
removal) that occur in ship scrapping operations.  Taking a process-specific approach
allows the guide to be a more manageable and useful reference tool for key ship
scrapping facility personnel. Ship scrappers can review key environmental, safety, and
health requirements for each process.  References of where to find the requirements in
the Code of Federal Regulations have been provided throughout the guide, and
readers are encouraged to review these regulations in detail.  Where possible, helpful
shadow and check boxes have been provided to emphasize  guidance or tips. 



This guide was prepared by EPA’s Federal Facilities Enforcement Office (FFEO) in the Office
of Enforcement and Compliance Assurance.  Technical research, writing, editing, and document
design/layout were provided under EPA Contract No. 68-C7-0011.  To obtain additional
copies of this document, please contact:



The Federal Facilities Enforcement Office (2261A)
U.S. Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, D.C. 20460
Telephone: (202) 564-2461
Fax: (202) 564-0069



Copies of the document also can be obtained on-line at the FFEO Web site:
http://www.epa.gov/oeca/fedfac/fflex.html.  





http://www.epa.gov/oeca/fedfac/fflex.html
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1. INTRODUCTION



1.1.  THE GUIDE



What It Is; What It Does



This guide is intended to provide the site supervisor of a ship scrapping facility with a good
understanding of the most pertinent federal environmental and worker safety and health
requirements affecting ship scrapping/ship breaking operations.  (Specific state requirements are
not included.)  The document provides guidance with reference to specific regulations, tips in
shadow boxes   ë , and regulatory inspector highlights denoted by check boxes   .  



Organization of the Guide



This guide is organized into 9 sections and 3 appendices.  The document begins with a brief
introduction and is then followed by a series of sections, each presenting key environmental and
worker safety and health requirements for a major ship scrapping process.  Each section was
designed and developed to be used as independent guidance.  These sections are as follows:



• Section 2.  Asbestos Removal and Disposal
• Section 3. Sampling, Removal and Disposal of Polychlorinated Biphenyls
• Section 4.  Bilge and Ballast Water Removal
• Section 5.  Oil and Fuel Removal and Disposal
• Section 6. Paint Removal and Disposal
• Section 7. Metal Cutting and Metal Recycling
• Section 8. Removal and Disposal of Miscellaneous Ship Machinery



Section 9. Resources identifies sources, such as general and process-specific contacts,
hotlines, publications, and Internet sites, where additional information and/or assistance can be
obtained on environmental and worker safety and health requirements. 



What is ship scrapping? According to OSHA, ship
dismantling or breaking is “any breaking of a
vessel’s structure for the purpose of scrapping the
vessel, including the removal of gear, equipment, or
any component of a vessel” (29 CFR 1915.4).  
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 Appendix A provides the user with an overview of the ship scrapping industry, the ship
scrapping process, and the United States government ship scrapping program.  It also includes
a short summary of how the industry is regulated.



Additional ship scrapping processes may be developed and added to the guide in the future. 
These processes might include:



• Removal and Disposal of Portable, Unfired Pressure Vessels, Drums, and Containers
• Removal and Disposal of Non-PCB Electrical Machinery
• Removal and Disposal of Batteries
• Removal and Disposal of Other Hazardous Materials



Appendix B provides a list of acronyms.



Appendix C contains summaries of Inspector Highlights noted in check boxes throughout
sections of this guide.  



Using a Process-Based Approach



Although most of the ship scrapping processes occur simultaneously during ship scrapping, it is
useful to look at the requirements on a process-by-process basis.  The idea is that you, as a site
supervisor (or other key person at your ship scrapping facility), can examine any part of your
facility, identify what process or processes are taking place, and quickly reference this guide for
information on key environmental requirements, worker safety and health requirements, and
management tips.



Focus on Federal Requirements



This guide presents overviews of  major federal
requirements only, and you are encouraged to
review these requirements in detail by reading
the relevant portions of the Code of Federal
Regulations (CFR), which are cited throughout
the guide. You should also be aware of all
applicable state and local regulations (see box). 
If you have additional questions or need more
information about a particular requirement, call
the contacts or access the sources of information identified in Section 9. Resources. 



State/Local Requirements: The
regulations discussed in this guide are
federal EPA and OSHA requirements. 
Your state may have its own, stricter
requirements.  Be sure you know your
state and/or local government
environmental and worker safety and
health requirements.
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Remember: This guide is not the final word on compliance responsibilities for your
ship scrapping operation.  
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2.  ASBESTOS REMOVAL AND DISPOSAL



During ship scrapping activities, the removal and disposal of asbestos is a primary
environmental concern, as well as a health and safety concern for your workers.  The following
sections present background information on asbestos, discuss the effects of asbestos exposure,
and describe some of the regulatory requirements with which your facility must comply. 



2.1 INFORMATION ABOUT ASBESTOS



This section provides background information on asbestos, including what it is, where it can be
found on ships, how exposure can occur, and the dangers of exposure.   



What is asbestos?



“Asbestos” refers to a group of minerals that occur naturally as masses of long silky fibers.  
There are three main types of asbestos fibers:



• Chrysotile fibers (white asbestos) are fine, silky flexible white fibers.  They are pliable
and cylindrical, and arranged in bundles. This was the most commonly used asbestos in
the United States.



• Amosite fibers (brown asbestos) are straight, brittle fibers that are light grey to pale
brown.  This was the most commonly used asbestos in thermal system insulation.



• Crocidolite fibers (blue asbestos) are straight blue fibers that are like tiny needles. 



There are three other types of asbestos fibers: anthopylite, tremolite, and actinolite.  Unlike
most
mineral
s,
which
turn
into
dust
particle
s when
crushed
,
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asbesto
s
breaks
up into
fine
fibers
that are
too
small to
be seen
by the
human
eye.



Individual asbestos fibers are often mixed with a material that binds them together, forming what
is commonly called asbestos-containing material (ACM).  There are two kinds of ACM: friable
and non-friable. 



• Friable ACM is any material containing more than 1% asbestos that, when dry, may
be crumbled, pulverized, or reduced to powder by hand pressure.



• Non-friable ACM is any material containing more than 1% asbestos that, when dry,
cannot be crumbled, pulverized, or reduced to powder by hand pressure.   Non-friable
ACM is divided into two categories.



  
S Category I non-friable ACM includes asbestos-containing resilient floor



coverings, packings, and gaskets.



S Category II non-friable ACM includes all other non-friable ACM that is not
included in Category I.



Why has asbestos been so widely used?



What is presumed asbestos containing material (PACM)?  Thermal system
insulation and surfacing material found in buildings, vessels, and vessel sections
constructed no later than 1980 may be considered PACM. 
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Asbestos was widely used in construction and industry due to its unique properties, and
because there were few other available substances that combined the same qualities. Asbestos
is resistant to abrasion and corrosion, inert to acid and alkaline solutions, and stable at high
temperatures.  It is strong yet flexible, non-combustible, conducts electricity poorly, and is an
effective thermal insulator.



Where is asbestos found on a ship?



Asbestos is found on ships in many types of materials, including, but not limited to:



• Bulkhead and pipe thermal insulation
• Bulkhead fire shields/fireproofing
• Uptake space insulation
• Exhaust duct insulation
• Electrical cable materials
• Brake linings
• Floor tiles and deck underlay
• Steam, water, and vent flange gaskets
• Adhesives and adhesive-like glues



(e.g., mastics) and fillers
• Sound damping



• Molded plastic products (e.g., switch
handles, clutch facings)



• Sealing putty
• Packing in shafts and valves
• Packing in electrical bulkhead penetrations
• Asbestos arc chutes in circuit breakers
• Pipe hanger inserts
• Weld shop protectors and burn covers,



blankets, and any fire fighting clothing or
equipment



• Any other type of thermal insulating
material



Caution!!  ACM may be found underneath materials that do not contain asbestos. 
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What are the four classes of asbestos work?



The Occupational Safety and Health Administration (OSHA) standard for asbestos specifies
four classes of asbestos activities [29 CFR 1915.1001(b)].  These are: 



• “Class I” asbestos work means activities involving the removal of thermal system
insulation (TSI) and sprayed-on or troweled-on or otherwise applied surfacing ACM
or PACM.



• “Class II” asbestos work means activities involving the removal of ACM which is
neither TSI or surfacing ACM.  This includes, but is not limited to, the removal of
asbestos-containing wallboard, floor tile, and construction mastics.



• “Class III” asbestos work means repair and maintenance operations where ACM
(including TSI and surfacing ACM and PACM) is likely to be disturbed.



• “Class IV” asbestos work means maintenance and custodial activities during which
employees contact, but so as not disturb ACM or PACM, and activities to clean up
dust, waste, and debris resulting from Class I, II, and III activities.



How can exposure to asbestos occur?



As a site supervisor, you should be aware that you and your workers can be exposed to
asbestos in several ways.  When ACM is deteriorated, crushed, or otherwise disturbed,



Status of the Asbestos Ban 



There is a rather common misunderstanding about the status of the EPA 1989 ban on
asbestos-containing products or uses.  Two years after EPA’s ban, the U.S. Fifth Circuit
Court of Appeals vacated much of EPA’s rule in 1991 leaving only six asbestos-containing
product categories (including corrugated paper, rollboard, commercial paper, specialty paper,
flooring felt, and new uses of asbestos) still subject to the asbestos ban,  In addition, several
uses of ACM products  remained banned, including the sprayed-on application of ACM (>1%
asbestos) and the installation of certain types of asbestos-containing insulation.  Besides
the products and uses listed above, EPA has no existing bans on other asbestos
containing products or uses. EPA does not track the manufacture, processing or
distribution in commerce of asbestos-containing products.  For further information, contact
the TSCA Assistance Information Service at 202-554-1404, call your EPA Regional Asbestos
Coordinator (see Section 9. Resources), or access http://www.epa.gov/asbestos and go to
the “Helpful Information” button.
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asbestos fibers break up into very fine fibers and are released to the environment by either
dispersing in the air, floating on water or accumulating on the ground.  Exposure to asbestos
can occur by: 



• Occupational exposure : Workers may be exposed to asbestos if working at facilities,
including ships, which contain asbestos.  Because asbestos fibers are small and light,
they can be suspended in the air for long periods and possibly inhaled by those working
in these areas.  Airborne asbestos fibers are small, odorless, and tasteless.  They range
in size from 0.1 to 10 microns in length (a human hair is about 50 microns in diameter).
The amount of asbestos a worker is exposed to will vary according to: (1) the
concentration of fibers in the air; (2) duration of exposure; (3) the worker's breathing
rate (workers doing manual labor breath faster); (4) weather conditions; and (5) the
protective devices the worker wears. It is estimated that between 1940 and 1980, 27
million Americans had significant occupational exposure to asbestos. People may also
ingest asbestos if they eat in areas where there are asbestos fibers in the air.



During ship scrapping, the most significant asbestos concerns for workers arise when
removing asbestos-bearing thermal insulation; handling of circuit breakers, cable, cable
penetrations; and removing floor tiles (from asbestos in the mastic and in the tile). 
Additional concerns can arise from handling and removing gaskets with piping and
electrical systems, as well as molded plastic parts. 



• Paraoccupational exposure :  Workers’ families may inhale asbestos fibers released
by their clothes that have been in contact with ACM.  



• Neighborhood exposure: People who live or work near asbestos- related operations
may inhale asbestos fibers that have been released into the air by these operations.



What are the effects of exposure to asbestos?



While scientists have not been able to determine a
"safe" or threshold level for exposure to airborne
asbestos,  EPA, OSHA, and the National Institute
for Occupational Safety and Health (NIOSH)
believe there is no known safe level of asbestos
exposure.  



In short, some people exposed to asbestos develop asbestos-related health problems; some do
not.  Some known diseases caused from asbestos exposure include: (1) asbestosis (scarring of



Preventing exposure.  Using controls
to prevent asbestos exposure is vital to
protecting the health of workers. 
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the lungs resulting in loss of lung function that often progresses to disability and to death), and
(2) cancer, such as mesothelioma (cancer affecting the membranes lining the lungs and
abdomen), lung cancer, or cancers of the esophagus, stomach, colon, and rectum. 



If inhaled, asbestos fibers can easily penetrate body tissues, and may be deposited and retained
in the airways and lung tissue.  Because asbestos fibers remain in the body, each exposure
increases the likelihood of developing an asbestos-related disease.  Asbestos-related diseases
may not appear until years after exposure.   Ingesting asbestos may be harmful, but the
consequences of this type of exposure have not been clearly documented. Note: The risks of
asbestos exposure are multiplied 10-fold or more if a worker smokes.



2.2 WHO REGULATES ASBESTOS REMOVAL AND DISPOSAL?



Asbestos regulations are important to the ship scrapping industry because many ships being
scrapped contain significant amounts of ACM.  During ship scrapping activities, ACM must be
properly removed and disposed of.  Therefore, being aware of and complying with all
applicable regulations for asbestos removal and disposal is important for your ship scrapping
operation.  The process of removing and disposing of ACM is subject to various federal, state,
and local environmental and safety and health requirements.  



• EPA. EPA is responsible for developing and enforcing regulations necessary to protect
human health and the environment.  Asbestos is regulated by EPA under two laws: (1)
the Clean Air Act (CAA),  under the Asbestos National Emissions Standards for
Hazardous Air Pollutants (NESHAP), and (2) the Toxic Substances Control Act
(TSCA).  Some of the requirements for asbestos removal and disposal under these
laws include inspections; notifications; supervisor training; and the proper removal,
transport and disposal of asbestos. 



Specifically, the Asbestos NESHAP [40 CFR 61 Subpart M] is intended to minimize
the release of asbestos fibers during demolition and renovation activities (including ship
scrapping) through work practices.  EPA has delegated authority to inspect and enforce
the asbestos NESHAP regulations to most states.  Where the program has been
delegated, the state agency may have requirements that are more stringent than the
federal requirements. The asbestos NESHAP requirements will be discussed in more
detail in the following sections.



• OSHA.  OSHA is responsible for the health and safety of workers who may be
exposed to asbestos in the work place.  OSHA regulations covering asbestos exposure
set a maximum exposure limit and include provisions for engineering controls and
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respirators, protective clothing, exposure monitoring, hygiene facilities and practices,
warning signs, labeling, recordkeeping, and medical exams (29 CFR 1915.1001). 
Some of these requirements are discussed in more detail below.



2.3 ASBESTOS REMOVAL PRACTICES AND PROCEDURES



As mentioned above, as the site supervisor, you should be familiar with EPA and OSHA
regulations designed to minimize exposure to and release of asbestos.  Some of these
requirements are discussed below.



2.3.1 Worker Protection Practices



Are exposure assessments and monitoring conducted as required?



Your facility is required to perform air surveillance
activities in work areas where asbestos is being
removed, including meeting the general monitoring
criteria, conducting initial exposure assessments,
and performing daily and periodic monitoring.  The
facility must inform workers of the monitoring
results that represent each worker’s asbestos exposure, and allow workers an opportunity to
observe any monitoring of worker exposure to asbestos [29 CFR 1915.1001(f)].



In addition, the facility must keep an accurate record of all measurements taken to monitor
worker exposure to asbestos [29 CFR 1915.1001(n)(2)].



Are worker exposure limits met?



Your facility must ensure that workers are not exposed to airborne asbestos concentrations in
excess of either of the following limits, collectively referred to as permissible exposure limits
(PELs):



• 0.1 fiber per cubic centimeter (f/cc) of air averaged over an eight-hour work shift.  This
PEL is called the time-weighted average (TWA) limit [29 CFR 1915.1001(c)(1)].



• 1.0 f/cc of air averaged over a sampling period of 30 minutes. This PEL is called the
excursion limit [29 CFR 1915.1001(c)(2)].



Tip: In addition to OSHA regulations,
air surveillance requirements for
sampling asbestos are often regulated
by state regulatory agencies.
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Medical surveillance requirements



Your facility is required to conduct medical surveillance for all workers who, for a combined
total of 30 or more days per year, are performing asbestos removal work or are exposed at or
above the permissible exposure limit.  This includes medical examination and consultation prior
to  beginning work, at least annually, and upon termination of employment [29 CFR
1915.1001(m)].



The facility must establish and maintain an accurate record for each worker subject to medical
surveillance.  These records must be maintained for the duration of the worker’s employment,
plus an additional 30 years [29 CFR 1915.1001(n)(3)].
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Are workers and supervisors trained in asbestos removal?   



Worker training. Your facility must provide, at no cost, a
training program for employees likely to be exposed to
asbestos removal work during ship scrapping [29 CFR
1915.1001(k)(9)].  Training must be provided prior to or at
the time of beginning work and at least once a year
afterwards, and it must be conducted in a manner which the
worker is able to understand.



For asbestos removal operations that require the use of critical barriers and/or negative
pressure enclosures, the facility must provide training to workers that is equivalent in curriculum,
training method, and length to the EPA Model Accreditation Plan asbestos abatement workers
training found in 40 CFR 763, Subpart E, Appendix C. 



An inspector may check to see that workers at your facility 
received training in a language that they understand.



Supervisor training.  Your facility must have a supervisor on site overseeing all work in which
regulated asbestos-containing material (RACM) is stripped, removed or otherwise handled.
This is a requirement under the asbestos NESHAP regulations [40 CFR 61.145(c)(8)], as well
as the OSHA shipyard industry standards [29 CFR 1915.1001(o)]. 



According to the asbestos NESHAP requirements, the supervisor must be trained in the
provisions of the regulation and the means of complying with them. Training must include, at a
minimum: applicability of regulations; notification requirements; material identification
procedures; emission control procedures for removals; waste disposal practices; reporting and
recordkeeping; and asbestos hazards and worker protection.  



Evidence of  training must be posted and made available for inspection at the ship scrapping site
[40 CFR 61.145(c)(8)]. Refresher training in the asbestos NESHAP requirements is required
for supervisors every 2 years.   



Training records .  Your facility must maintain records for each worker and supervisor and
document their completed training.  These records must be maintained for one year past the last
day of employment [29 CFR 1915.1001(n)(4)].



An inspector may check the training records for the workers and
supervisors listed on the daily work logs.



Tip: Some facilities may
need to hire contractors for
training employees who
speak English as a second
language and may not be
fluent in English.  
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Do workers wear personal protective equipment as required?



Your facility is required to ensure workers involved in asbestos removal and disposal are using
approved respirators [29 CFR 1915.1001(h)].  Respirators appropriate for the work being
conducted must be provided free of charge by the facility. 



In addition, your facility is required to provide and ensure the use of protective clothing, such as
coveralls or similar full-body clothing, head coverings, gloves, and foot covering, during
asbestos removal work.  In addition, wherever the possibility of eye irritation exists, face
shields, vented goggles, or other appropriate protective equipment must be provided and worn
[29 CFR 1915.1001(I)]. 



Do workers use hygiene facilities and follow hygiene practices during
asbestos removal work?



Your facility must provide hygiene facilities for use by workers [29 CFR 1915.1001(j)].  These
include:



• Decontamination areas and procedures: A decontamination area must be provided
that is adjacent and connected to the regulated area for the decontamination of asbestos
workers.  The decontamination area includes, in series, an equipment room, shower
area, and clean room. Workers must enter and exit the regulated area through the
decontamination area while following specific procedures. 



• Lunch areas: The facility must provide lunch areas in which the airborne
concentrations of asbestos are below the permissible exposure limits.



An inspector may check the shower drains from the worker
showers to make sure they have filters.  Filters help remove lead
and asbestos from the wastewater. 



2.3.2.  Asbestos Removal Activities



Is a supervisor present for all removal activities? 



During all work in which RACM is stripped, removed or otherwise handled, a supervisor must
be on site overseeing these activities. This is a requirement under the asbestos NESHAP
regulations [40 CFR 61.145(c)(8)], as well as the OSHA shipyard industry standards [29 CFR
1915.1001(o)].
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As described in the OSHA shipyard industry regulation [29 CFR 1915.1001(o)], the
supervisor (also commonly called the qualified person) must perform or supervise specific
activities during asbestos removal work:



• Set up the regulated area, enclosure, or other containment; and ensure the integrity of
the enclosure or containment.



• Set up procedures to control entry to and exit from the area and/or enclosure.



• Supervise all worker exposure monitoring and ensure that it is conducted appropriately.



• Ensure that employees working within the enclosure and/or using glove bags wear
appropriate respirators and protective clothing.



• Ensure, through on site supervision, that workers set up, use, and remove engineering
controls; use work practices; and use personal protective equipment.



• Verify that workers use the hygiene facilities and observe the decontamination
procedures.



• Ensure through on site inspection that engineering controls are functioning properly and
employees are using proper work practices.



• Ensure that notification requirements are met.



Has a survey of asbestos-containing materials on the ship been conducted?



A survey is basically a thorough inspection of the ship for the presence of asbestos, including
friable ACM and Category I and Category II nonfriable ACM. [40 CFR 61.145(a)].   By
conducting a survey of the ship for the presence of asbestos, your facility will determine
whether it must meet the EPA asbestos NESHAP requirements 40 CFR 61, Subpart M during
scrapping.  



What is RACM? Once ACM is identified, your facility must determine the total amount of
ACM that is  “regulated” under the asbestos NESHAP.  This material is referred to as
regulated asbestos-containing material (RACM).  RACM includes :



• Friable ACM;
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• Category I nonfriable ACM that has
become friable or that has been sanded,
ground, cut, or abraded; or 



• Category II nonfriable ACM that has a
high probability of becoming or has
become crumbled, pulverized, or reduced
to powder by the forces expected to act on the material in the course of demolition or
scrapping activities. 



How much RACM make the facility subject to the NESHAP regulations? Your facility is
required to follow the asbestos NESHAP regulations if the combined amount of RACM on the
ship is:



• At least 80 linear meters (260 linear feet) of RACM on pipes or at least 15 square
meters (160 square feet) of RACM on other facility components; or 



• At least one cubic meter (35 cubic feet) of RACM of facility components where the
amount of RACM was previously removed from pipes and other facility components
could not be measured before stripping [40 CFR 61.145(a)(1)].



Note: If the combined amount of RACM is less than these amounts, then your facility only has
to meet some of the notification requirements [40 CFR 61.145(a)(2)].



How can asbestos be identified?



While it is often possible to "suspect" that a material is asbestos or contains asbestos by looking
at it (visual determination), actual determinations can only be made by instrumental analysis. 
Until your facility tests a product, it is best to assume that the material contains asbestos, unless
the label or the manufacturer verifies that it does not.  



Your facility’s qualified person (see Section 2.3.2,  Regulated areas must be established and
marked, for definition) will collect samples of suspect ACM for analysis. EPA requires (at a
minimum) that suspect samples be analyzed for asbestos content using polarized light
microscopy (PLM).  This technique determines both the percent and type of asbestos.  EPA
also recommends the use of the July 1993 Test Method (EPA/600/R-93/116), Method for the
Determination of Asbestos in Bulk Building Materials, particularly when analyzing special
case materials.



Common Practice. Ship scrappers
typically do not collect samples to be
analyzed for asbestos.  Instead, they
assume that all suspect material,
particularly any covering that is not
clearly fiberglass, is ACM.  
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Has a notification been submitted?



Your facility must submit a written notice of intent to scrap a ship (which is considered
demolition) to the EPA Regional office and/or the delegated state/local pollution control agency
[40 CFR 61.145(b)].



• This notice must be postmarked or delivered
at least 10 working days before the date of
any asbestos removal work   Because EPA
and the delegated agencies currently receive
over 90,000 notifications a year, the10-day
period is necessary to allow inspectors to
prioritize and schedule inspections. 



• The notification should include, among other items, the scheduled starting and
completion date of the ship scrapping (demolition); the scheduled starting and
completion date of the asbestos removal
work; the location of the site; the names of
operators or asbestos removal contractors;
methods of removal; and the approximate
amount of RACM to be removed [40 CFR
61.145(b)(4)].



During an inspection, an inspector may verify that the notification
was submitted and that activities have been conducted according
to the notification. 



Will RACM be removed before scrapping activities begin?



Tip: Your facility must update the
notice when the amount of RACM
changes by at least ± 20 percent.



Tip:  EPA recommends that facilities use laboratories accredited by the National Institute of
Standards and Technology (NIST) in its National Voluntary Laboratory Accreditation Program
(NVLAP) to complete asbestos analysis.  Contact NIST NVLAP for a current listing of
accredited labs at 301-975-4016.  Your facility can also obtain information about laboratories
that test for asbestos by contacting your EPA Regional office.  



Tip:  For ship scrapping, asbestos
removal activities should begin on
the start date provided in the
notification.  This date is not
always the same as the scheduled
starting date of the demolition.
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Your facility is required to remove all RACM
from a ship being scrapped before any
activities are carried out that would break up,
dislodge or similarly disturb the materials or
preclude access to the materials for
subsequent removal [40 CFR 61.145(c)(1)].  
All RACM to be removed must be:



• Adequately wet when removed and must remain wet until collected and contained for
disposal (see below). RACM contained in leak-tight wrapping need not be wetted.



• Carefully lowered to the ground without dropping, throwing, sliding, or  otherwise
damaging or disturbing the material.



• Moved to the ground via leak-tight chutes or containers if removed more than 50 feet
above the ground (and not removed as a unit or section).



An inspector may observe on site equipment and ask for verbal
explanations to determine whether the wetting and handling
requirements are being met. 



Are wet methods being used during RACM removal and disposal?



When removing RACM, your facility is required to control visible emissions of asbestos to the
outside air because no safe concentration of airborne asbestos has ever been established. 



Remember that the asbestos NESHAP relating to demolitions, including ship scrapping, is a
work practice standard.  This means that it does not place specific numerical emission
limitations for asbestos fibers on asbestos removals and demolitions.  Instead, it requires your
facility to implement specific work practices to control asbestos emissions [40 CFR 61.145(c)]. 



The primary method used to control asbestos emissions is to “adequately wet” RACM with a
liquid or wetting agent prior to, during and after removal activities. [40 CFR 61.145(c)].  To
“adequately wet” RACM means to sufficiently mix or penetrate the material with liquid to
prevent the release of asbestos particulates.  If you or your workers see visible emissions
coming from RACM, then that material has not been adequately wetted.  However, the



Too cold for wetting? If the temperature
is below 0EC (32 EF) during removal
activities, it is too cold for wetting and your
facility must meet slightly different
requirements during RACM removal.  See
40 CFR 61.145(c)(7) for details.  
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absence of visible emissions is not sufficient evidence of being adequately wet (see 40 CFR
61.141, Definitions).  



To meet the NESHAP
wetting provisions, your
workers must wet RACM
and keep it wet until it is
collected and contained for
disposal. Adequate wetting is
typically accomplished by
repeated spraying of the RACM with a liquid or a wetting agent, until it cannot absorb any
more.  Wetting agents may be applied with garden sprayers or hoses. 



An inspector may determine whether RACM has been adequately
wetted based on observations made during an inspection. These
observations may include, but are not limited to, the following:



• Is there a water supply in place? 



• Is there visible dust (airborne or settled) or dry ACM debris in
the immediate vicinity of the operation?  An inspector may
collect samples of such materials for analyses of their possible
asbestos content.



• Does the RACM inside the bag (if transparent) appear wet? 
Remember: ACM must be adequately wet when it is placed in
the bags or containers.  It is a violation of the asbestos
NESHAP standards to put water in the bottom of a bag, then
strip the asbestos material dry and let it fall into the water.  



To remove units or sections with RACM 



During your scrapping activities, you can 
remove a component as a unit or in
sections that contain RACM or are
covered with, or coated with RACM. 
During the removal process, your workers
must follow the procedures below to
control asbestos emissions:



• Adequately wet all RACM exposed during cutting or disjoining; and



Tip to reduce airborne fibers.  A misting unit can be used
to create a high level of humidity within a removal area. It is
believed that fibers emitted into a saturated environment will
absorb the wetting agent and fall out of the air faster, thus
reducing airborne asbestos fiber levels. 



Tip: Torch cutting cables with asbestos
insulation inside (possibly as a wrapping or as a
filler in between wires) is prohibited under the
asbestos NESHAP unless the asbestos is first
removed from the area to be cut.  Similarly,
burning cables containing asbestos to recover
copper wire is also prohibited.
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• Carefully lower each unit or section to the floor and to the ground level without
dropping, throwing, sliding, or otherwise damaging or disturbing the RACM [40



CFR
61.145
(c)(2)].



After removal, these units or sections must be wrapped in leak-tight wrapping or stripped of
RACM [40 CFR 61.145(c)(4)].  If stripped, your workers must:



• Adequately wet the RACM  during stripping; or



• Use a local exhaust ventilation and collection system designed and operated to capture
the particulate asbestos materials produced by the stripping. The system must exhibit no
visible emissions to the outside air.  



Typically, an inspector will examine removed units or sections to
ensure that the RACM in these components is still intact.  This may
include looking at cut cables to see if any cables covered with
asbestos were cut by torch or burned, both of which are violations
of the asbestos NESHAP requirements. An inspector may also
want to know how the RACM on these units or sections will be
removed, if applicable. 



Regulated areas must be established and marked



According to OSHA requirements, your facility must establish
a regulated area where asbestos removal work occurs.  The
regulated area can include the area where asbestos work is
conducted; any adjoining area where debris and waste from
the asbestos work accumulates; and the work area within
which airborne concentrations of asbestos exceed or can
reasonably be expected to exceed the permissible exposure
limits [29 CFR 1915.1001(b) and (e)]. 



Tip: Cable stripping areas
are usually treated as
regulated areas because
stripping produces fluff
which may contain
asbestos.
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 Each regulated area must meet the following requirements [29 CFR 1915.1001(e)(6)]: 



• Be clearly marked. Regulated areas
must be marked in any manner that limits
the number of workers in the area, and
protects workers outside the area from
exposure to airborne asbestos [29 CFR
1915.1001 (k)(7)].



Signs must be clearly displayed at all approaches to regulated areas and have the
following OSHA-approved wording.  



DANGER
ASBESTOS



CANCER AND LUNG DISEASE HAZARD
AUTHORIZED PERSONNEL ONLY



• Limit access. Only authorized workers should have access to regulated areas.



• Use respirators.  All workers entering and working in these areas must wear
approved respirators.  NOTE: All workers must be medically approved to wear
respirators and be part of a respirator protection program.



• Prohibit certain activities. Workers are not allowed to eat, smoke, drink, or chew
tobacco or gum in regulated areas.



• Qualified Person.  Under the asbestos abatement requirements, your facility must
have a qualified person supervise the work conducted in a regulated area (see below). 
Note: The asbestos NESHAP regulation also requires your facility to have a person
present during RACM removal activities that is trained in the asbestos NESHAP
requirements [40 CFR 61.165(c)(8)].



• Use decontamination area. Workers performing asbestos removal must enter and
exit the regulated area through a three-stage decontamination area [29 CFR
1915.1001(j)].



Are other engineering controls and work practices used to control asbestos
emissions during removal?



Tip: Because many workers may not
be able to read or understand signs in
English, post signs in English and other
languages as appropriate. 
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In addition to the emission controls (e.g., wet methods, prompt clean up and disposal of
RACM wastes) described above, asbestos removal work must be performed using control
methods, such as vacuum cleaners equipped with high efficiency particulate air (HEPA) filters
to collect all debris and dust containing ACM [29 CFR 1915.1001(g)(1)]. 



In addition, to achieve compliance with OSHA permissible exposure limits, your facility must
use control methods including, but not limited to:



• Local exhaust ventilation equipped with HEPA filter dust collection systems.



• Enclosure or isolation of those processes producing asbestos dust.  



• Ventilation of the regulated area to move contaminated air away from the breathing
zone of workers and toward a filtration or collection device equipped with a HEPA
filter [29 CFR 1915.1001(g)(2)].



To ensure that airborne asbestos does not migrate from the regulated area, your facility can also
use critical barriers  or another barrier or isolation method. A critical barrier is one or more
layers of plastic sealed over all openings into a work area or any other physical barrier sufficient
to prevent airborne asbestos in the work area from migrating to an adjacent area [29 CFR
1915.1001(g)(4)]  



Additional control methods, which can be used alone or together, can control asbestos
emissions [29 CFR 1915.1001(g)(5)]. These include, but are not limited to:



• Negative pressure enclosure systems .  In a negative pressure enclosure (NPE), air
is changed at least 4 times per hour and is directed away from workers within the
enclosure and towards a HEPA filtration or a collection device. The NPE is kept under
negative pressure throughout the period of its use.  There is also a requirement to
maintain a minimum of -0.02 column inches of water pressure differential.  This is
normally accomplished with a manometer.



• Glove bag systems .  A glove bag is a sealed compartment with attached inner gloves
for the handling of ACM.  Properly installed and used, glove bags provide a small work
area enclosure and may be used to remove ACM from straight runs of piping and
elbows and other connections.
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• Negative pressure glove bag systems .  These are similar to the glove bags
described above, except a HEPA vacuum system or other device is attached to the
bag.  They may be used to remove ACM from piping.



• Negative pressure glove box systems . Glove boxes, which have rigid sides, are
made from metal or another material which can withstand the weight of the ACM and
water used during removal.  A HEPA filtration system is used to maintain the negative
pressure in the box.  These systems can be used to remove ACM from pipe runs. 



• Water spray process system. This process can be used for the removal of ACM and
PACM from cold line piping.  This process can be used only if employees carrying out
this process have completed a 40-hour separate training course in its use, in addition to
training required for employees performing Class I work.  For more detailed
information on pertaining to control methods please refer to 29 CFR, 1915.1001
(g)(5)(v).



2.4 DISPOSAL PROCEDURES FOR ASBESTOS-CONTAINING WASTE
MATERIAL



Once you remove the ACM, you have to dispose of it.  For demolition activities, asbestos-
containing waste material (ACWM) is defined by EPA to mean any waste that contains or is
contaminated with RACM (including equipment and clothing).  Waste disposal procedures are
specified in 40 CFR 61.150. 



 



Is the ACWM properly contained?



After wetting, your facility must seal all
ACWM in leak-tight containers while
still wet [40 CFR 61.150(a)(1)].  The
containers can be plastic bags (6-mils
thick), cartons, drums, or cans.  For bulk
wastes that will not fit into containers
without additional breaking, your facility
must put these wastes into leak-tight wrapping. The wrapping should be sealed (e.g., with duct
tape) while adequately wet. If the ACWM is placed directly in trailers or roll-off boxes, the
trailers or boxes should first be lined with plastic sheeting. After the ACWM is loaded, the
trailer or roll-off box should be covered with a tarp while the ACWM is adequately wet.  



Tip:  Some facilities are implementing a new
policy to let no regulated materials touch the
ground.  Asbestos containers are being placed
on the ship, and then directly transported for
disposal when they come off the ship.
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In all cases, the ACWM should be wet when contained to prevent the release of asbestos
fibers in case the container or wrapping is broken.



An inspector may check bags or other containers to determine if
the ACWM was kept adequately wet when packaging.  One way to
quickly check if this requirement has been met is to lift the bag.  A
bag with dry ACWM is light and fluffy and can generally be lifted
easily by one hand. A bag filled with well-wetted material is
substantially heavier and more dense.  An inspector may also open
any bags to inspect them, most likely using a glove bag or other
emissions control method.  The inspector will then properly reseal
the bag, or request that your workers do so.  An inspector may also
observe trucks picking up asbestos wastes to see if the bags are
handled without bursting or dispersing asbestos to the atmosphere.



Is ACWM labeled?



Your facility is  required to place warning labels on all bags, containers, or wrapping materials
containing ACWM [40 CFR 61.150(a)(1)].  These labels must be printed in letters of sufficient
size and contrast so that they are easily visible and readable.  The labels must have the wording
specified by OSHA [29 CFR 1915.1001 (k)(8)]:



DANGER
CONTAINS ASBESTOS FIBERS



AVOID CREATING DUST
CANCER AND LUNG DISEASE HAZARD



Additionally, your facility must label those bags of ACWM destined to be transported  offsite
with the name of your facility (i.e., the waste generator) and the location of your facility [40
CFR 61.150(a)(1)]. 



Are there visible emissions during disposal activities?



Your facility must have no visible emissions  to
the outside air during the collection, packaging, or
transporting of any ACWM, or your facility must
use one of the emission control and waste
treatment methods described in 40 CFR



Tip:  If emissions are visible during
asbestos waste disposal activities,
your facility is in violation of the
asbestos NESHAP regulation.
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61.150(a).   One such emission control method is adequately wetting the ACWM to ensure
there are no visible emissions. 



Is there visible material on the ground that appears to be ACM? 



If there is material on the ground that appears to be ACM (such as white fluff), your facility may
be in violation of the asbestos NESHAP regulation.  



An inspector will be interested in any material that appears to be
ACM that is on the ground at your facility.  The inspector may
sample and photograph suspected ACM, as well as the sources
(such as a nearby cable) that it may have come from.



Are waste shipment records included with ACWM shipments?



All shipments of ACWM transported off the facility site must be accompanied by a waste
shipment record (WSR).  The WSR is a record of the movement and ultimate disposition of the
asbestos waste.  Your facility, as a waste generator, must keep copies of all WSRs for at least
2 years [40 CFR 61.150(d)].



If your facility does not receive a copy of the WSR signed by the disposal site operator within
35 days, your facility must take actions to determine the status of the waste shipment. 
Additionally, if not received within 45 days, your facility must submit a written exception report
to EPA or the delegated state regulatory agency.  This report should include a copy of the
WSR in question, as well as a cover letter explaining what your facility has done to locate the
shipment and the results of the search. 



An inspector may examine the WSRs to ensure that the records
are complete, including all required signatures for each shipment.



Is ACWM transported to an appropriate disposal site?



Your facility must send all ACWM to
an active disposal site that receives
ACWM or an EPA-approved site that
converts RACM and ACWM into
asbestos-free material. While EPA
does not license landfills for asbestos
disposal, it has established asbestos



Tip:  The U.S. Department of Transportation does
not presently require placarding on transport
vehicles for hazardous materials (such as
asbestos wastes) which are classed as "Other
Regulated Material" [49 CFR 172.500]. 
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disposal requirements for active disposal sites under the asbestos NESHAP regulation [40
CFR 61.150(b)].   



State and/or local agencies usually require asbestos disposal sites to be approved or licensed. 
Your facility should check with your state or local agency for a list of approved or licensed
asbestos disposal sites.



An inspector may check for consistency between the facility
ACWM logs and the disposal site records.  Additionally, the
inspector may check to see that the asbestos waste is placed in
the disposal site without dispersing asbestos to the atmosphere,
and that the site covers the asbestos waste daily.
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Is asbestos a hazardous waste?



According to the federal hazardous
waste regulations, asbestos is not
regulated as a hazardous waste. 
However, states may or may not
classify asbestos in the same manner.
Some examples of state regulations are
presented here:



• Texas: Texas adopted the federal definition of hazardous waste, and therefore, asbestos
is not regulated as a hazardous waste.  However, discarded materials containing
asbestos are considered special wastes in Texas.  Facilities must follow the state’s
specific handling and disposal requirements for these special wastes disposed of in the
United States. 



• Virginia: Virginia also does not classify asbestos as a hazardous waste under its
hazardous waste regulations.  However, asbestos is classified as a special waste under
Virginia’s solid waste regulations.  Similar to Texas, facilities must follow Virginia’s
special handling and disposal requirements for asbestos-containing wastes disposed of
in the United States.



• California: Unlike the other two states, California considers asbestos to be a hazardous
waste if its exceeds a specific concentration.



Is asbestos hazardous? If asbestos is removed
from a ship and exhibits any hazardous waste
characteristics (e.g., toxicity), it is considered a
hazardous waste and is subject to RCRA Subtitle
C regulations found in 40 CFR 261-262. 
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3. SAMPLING, REMOVAL AND DISPOSAL OF



POLYCHLORINATED BIPHENYLS (PCBS)
The sampling, removal, storage, and disposal of polychlorinated biphenyls (PCBs) is a primary
environmental concern, as well as a worker health and safety concern, for your facility during
ship scrapping.  As described below, PCBs are found throughout older vessels and it is likely
your ship scrapping facility will be faced with managing large quantities of PCBs.  The following
sections present background information on PCBs, discuss the effects of exposure to PCBs,
and describe some of the regulatory requirements with which your facility must comply. 



3.1 INFORMATION ABOUT PCBS



What are PCBs?



PCBs belong to a broad family of man-made organic chemicals known as chlorinated
hydrocarbons.  They are basically mixtures of synthetic organic chemicals with the same basic
chemical structure and similar physical properties.  PCBs, which were domestically
manufactured from 1929 until their manufacture was banned in 1979, can range in toxicity and
vary in consistency from thin light-colored liquids to yellow or black waxy solids.  While sold
under the trade name “Arochlor,” PCBs are known by many trade names.  Common trade
names for PCB dielectric fluids include, but are not limited to:



Aroclor Clorphen Hyvol Pydraul



Aroclor B Clophen Inclor Phyralene



Apirolio Diaclor Inerteen Pyranol



Asbestol Dk Kaneclor Pyroclor



Askarel* Dykanol Kennechlor Saf-T-Kuhl



Adkarel EEC-18 No-Flamol Santotherm FR



Chlorextol Elemex Nepolin Santovac 1 and 2



Chlorodiphenyl Eucarel Nonflammable Liquid Therminol



Chlorinol Fenclor Phenoclor
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*  Askarel is the generic name used for nonflammable insulating liquid in transformers and capacitors.
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Why were PCBs widely used?



Due to their non-flammability, chemical stability, high boiling point and electrical insulating
properties, PCBs were used in hundreds of industrial and commercial applications including
electrical, heat transfer, and hydraulic equipment; as plasticizers in paints, plastics and rubber
products; in pigments, dyes and carbonless copy paper; and many other applications.  More
than 1.5 billion pounds of PCBs were manufactured in the United States before production was
stopped in 1979.  



Where can PCBs be found on a ship?



Although no longer commercially produced in the United States, PCBs are found in solid
(waxy) and liquid (oily) forms in equipment and materials on ships being scrapped.  These
equipment and materials which may contain PCBs in concentrations of at least 50 parts per
million (ppm) include:



• Cable insulation
• Rubber and felt gaskets
• Thermal insulation material including



fiberglass, felt, foam, and cork
• Transformers, capacitors, and



electronic equipment with capacitors
and transformers inside



• Voltage regulators, switches, reclosers,
bushings, and electromagnets



• Adhesives and tapes



• Oil including electrical equipment and
motors, anchor windlasses, hydraulic
systems, and leaks and spills



• Surface contamination of machinery and
other solid surfaces



• Oil-based paint
• Caulking
• Rubber isolation mounts
• Foundation mounts
• Pipe hangers
• Light ballasts
• Any plasticizers



How can exposure to PCBs occur?



PCBs can be ingested, inhaled, or absorbed through the skin.  They circulate throughout the
body and are stored in the body’s fatty tissue.  There are OSHA regulations governing
exposure to PCBs in the workplace. 



What are the dangers of exposure to PCBs?



PCBs are toxic and persistent.  They have been shown to cause a variety of adverse health
effects, such as cancer in animals, as well as a number of serious noncancer health effects in
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animals (e.g., effects on the immune system, reproductive system, nervous system, and
endocrine system).  Studies in humans provide supportive evidence for potential carcinogenic
and non-carcinogenic effects of PCBs.  The different health effects of PCBs may be
interrelated, as alterations in one system may have significant implications for the other systems
of the body.  In some cases, chloracne may occur in humans exposed to PCBs.  Severe cases
of chloracne are painful and disfiguring, and may be persistent. 



It is very important to note that the composition of a PCB mixture changes following its release
into the environment.  The types of PCBs that bioaccumulate in fish and animals and bind to
sediments tend to be the most carcinogenic components of PCB mixtures.  As a result, people
who ingest PCB-contaminated fish or animal products and touch PCB-contaminated sediment
may be exposed to PCB mixtures that are even more toxic than the PCB mixtures contacted by
workers and released into the environment.



EPA is also very concerned about the toxicity of the chemicals produced when PCBs are
heated in fire-related incidents.  The chemicals produced include polychlorinated dibenzofurans
and polychlorinated dibenzo-p-dioxins, both of which are believed to be much more toxic than
PCBs themselves.



3.2 WHO REGULATES PCBS?



• EPA. The Toxic Substances Control Act
(TSCA) enacted in 1976  regulates commerce
and protects human health and the environment
by requiring testing of and establishing
restrictions on certain potentially hazardous chemicals, including PCBs.  PCBs are
considered by EPA to be an unreasonable risk to health and the environment. 
Essentially, TSCA legislated true "cradle to grave" (i.e., from manufacture to disposal)
management of PCBs in the United States.  



Under Section 6(e) of TSCA, EPA is required to control the manufacture, processing,
distribution in commerce, use, and disposal of PCBs.  The TSCA regulations detailing
the management requirements for PCBs are found in 40 CFR 761.  Part 761 provides
the definition, storage and disposal, cleanup policy, exemptions, general housekeeping,
and reporting requirements for PCBs.  EPA published amendments to 40 CFR 761 in
the June 29, 1998 Federal Register [63 FR 35383-35474] which are broad and affect
the sampling, analysis, and disposal of PCBs.  The new amendments were effective
August 28, 1998, and can be accessed at http://www.epa.gov/opptintr/pcb.   



Note: Some states may regulate
PCBs as hazardous wastes.
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The regulations authorize the export for disposal of PCBs only at concentrations less
than 50 ppm and imports are prohibited.  A rulemaking exemption under TSCA
Section 6 of TSCA would be required for imports or exports of PCB concentrations >
50 ppm.



Currently, EPA has regulatory authority for implementing the TSCA PCB regulations. 
However, several states have their own, more stringent programs.  To determine if your
state regulates PCBs more stringently, your facility should contact the state
environmental office.



• OSHA.  OSHA is responsible for the health and safety of workers who may be
exposed to PCBs in the work place, or in connection with their jobs. OSHA’s
regulations covering PCB exposure set a maximum exposure limit and include
provisions for respirators, protective clothing, exposure monitoring, hygiene facilities
and practices, warning signs, labeling, recordkeeping, and medical exams.  These
requirements, which are found in OSHA’s Shipyard Industry standards (29 CFR 1915)
and General Industry standards (29 CFR 1910), are described in more detail below. 



3.3 SAMPLING, REMOVING AND MANAGING PCBS



3.3.1 Worker Protection Practices



How to meet worker protection limits



Your facility must ensure that workers are protected from exposure to airborne PCB
concentrations.  OSHA regulations governing exposure to PCBs in the workplace 29 CFR
1915 (Subpart Z) include two time-weighted averages for chlorodiphenyl.  These are:



• 1.0 mg/m3 of workplace air over an 8-hour work shift for chlorodiphenyl containing 42
percent chlorine.  



• 0.5 mg/m3 of workplace air over an 8-hour work shift for chlorodiphenyl containing 54
percent chlorine.  



A worker’s exposure to PCBs in any 8-hour work shift of a 40-hour week cannot exceed
these concentrations.  Furthermore, employers are required to ensure a safe workplace under
OSHA regulations.  If specific standards are not applicable, this general requirement for a safe
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workplace applies.  Note: National Institute for Occupational Safety and Health (NIOSH)
recommends a more stringent air standard for worker exposure of 1.0 mg/m3.



Do workers wear personal protective equipment as required? 



Your facility is required to ensure workers removing and disposing of liquid or solid PCB
articles wear or use appropriate personal protective clothing or equipment.  The regulation does
not specify the type of clothing to use because this will vary from one removal and disposal
scenario to the next.  For example, for liquid PCBs, workers must wear PPE that protects
against dermal contact with or inhalation of PCBs or materials containing PCBs.  It is your
facility’s responsibility to determine what type of clothing/equipment is appropriate to protect
workers handling the contaminated materials.  These may include, but are not limited to,
coveralls or similar full-body clothing, head coverings, gloves, and foot covering; face shields;
or vented goggles.  This equipment/clothing must be disposed of as PCB remediation waste [40
CFR 761.61(a)(5)(v)].



If required, workers must use approved respirators that are appropriate for the work being
conducted.  These must be provided free of charge by the facility.  Your facility is responsible
for establishing an effective respiratory program and workers are responsible for wearing their
respirators and complying with the program.  An effective respirator program must cover the
following factors: written standard operating procedures; selection; training; fit test; inspection,
cleaning, maintenance, and storage; medical examination; work area surveillance; and program
evaluation.



Medical surveillance requirements 



Your facility is required to conduct medical surveillance for all workers who, for a combined
total of 30 or more days per year, are performing PCB removal work or are exposed at or
above the exposure limit.  This includes medical examination and consultation prior to beginning
work, at least annually, and upon termination of employment [29 CFR 1915].



Are workers trained in PCB removal and disposal?   



Your facility must provide, at no cost, a training program
for all workers performing PCB removal work during ship
scrapping.  Training must be provided prior to or at the time
of beginning work and at least once a year afterwards, and



Tip: Some facilities may
need to hire contractors for
training employees who
speak English as a second
language and may not be
fluent in English.  
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it must be conducted in a manner which the worker is able to understand.



An inspector may check to see that workers at your facility 
received training in a language that they understand.



3.3.2  Sampling for PCBs on Ships



EPA suspects that certain items, including some on ships, may contain PCBs at regulated
concentrations of 50 ppm or greater.  When determining the concentration of PCBs in specific
items, your facility can either: (1) make the same assumptions as EPA (PCB concentration $50
ppm) and dispose of these items according to PCB disposal requirements, or (2) conduct
sampling of these items to determine the actual PCB concentration and dispose of them
accordingly.



EPA published amendments to 40 CFR 761 in the June 29, 1998 Federal Register
[63FR35384-35474] which affect the sampling, analysis, and disposal of PCBs.  These new
amendments were effective August 28, 1998.  Note: Technical and procedural amendments
to this rule were published in the Federal Register [64FR33755] and became effective on
June 24, 1999.



How is sampling for PCBs conducted?



Using EPA’s Interim Final Policy for PCB sampling



Your ship scrapping facility may follow EPA’s policy for determining whether PCBs are
present and must be removed from a ship.  This policy, entitled Sampling Ships for PCBs
Regulated for Disposal (Interim Final Policy, November 30, 1995), presents a sampling
protocol, which is a statistically based random selection process, to analyze for the presence of
PCBs in ship materials.  



The sampling policy presents two options for ship scrappers to remove PCBs from ships.  Ship
scrappers may either:



• Remove all known liquid PCBs and non-liquid PCBs.  No sampling or measurements
are required for this removal; or
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• Sample the ship according to the policy (by three different stratum) and chemically
analyze the samples to determine whether regulated concentrations of PCBs are
present.  Scrappers can opt either to: (a) sample all items in all classes of uses
suspected of containing non-liquid PCBs; or (b) in place of this sampling approach,
remove some classes of uses of non-liquid PCBs and sample all other classes.



This policy is basically considered a best available practice and is self-implementing.  There are
notification and recordkeeping requirements; however, no PCB disposal approval is required to
carry out PCB removal procedures as part of a scrapping procedure.



An inspector may review the PCB sampling plans and laboratory
analysis results.  



Note: While this policy for sampling PCBs on ships has been used (and may still be
used) by ship scrappers, the effectiveness of the sampling has been questioned and
is under evaluation.  When evaluated by the U.S. Maritime Administration
(MARAD) in 1997, the policy was found ineffective in revealing the most
significant sources of PCBs or providing information that a scrapper needs to
perform complete removal of PCBs.  Additional problems were discovered with the
method used for analyzing PCBs, including the appropriateness of the specified
solvent and the effectiveness of the extraction procedure in recovering all PCBs. 
Your ship scrapping facility should check with your EPA regional office for
guidance in sampling for PCBs.



Is the “assumption policy” no longer used when determining the PCB
concentrations in electrical equipment that is being disposed of?



Historically, many ship scrappers have operated by what is called the “assumption policy,”
when determining whether liquid-filled electrical equipment contains regulated amounts of
PCBs.  Now, however, under the new PCB amendments, facilities can no longer use the
assumption policy for PCB electrical equipment that is being disposed of (40 CFR 761.2). 



To be compliant, your facility can choose to either: (1) assume the equipment contains regulated
concentrations of PCBs (>50ppm), or (2) can sample to determine the actual PCB
concentration of the electrical equipment at the time of disposal or storage-for-disposal. 
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An inspector may check to verify that all PCB items are being
identified and disposed of properly.  For example, the painted
canvas cover which is attached to fiberglass insulation may be a
source of PCBs.



Are manifests used when sending samples for PCB analysis?



If your facility does not have its own laboratory, it will most likely use an offsite laboratory for
conducting PCB analysis.  When transporting samples for PCB analysis, your facility is exempt
from meeting the manifesting requirements if they are: (1) being stored and sent by your facility
to the laboratory for testing, (2) stored by the laboratory prior to testing, and (3) returned to
your facility by the laboratory after testing [40 CFR 761.65(I)(2)-(4)].



An inspection team may conduct laboratory audits to verify that the
laboratory is analyzing the PCB samples properly and that analytical
results are accurate and reliable.  



Maintaining records of sampling and analysis results



You must maintain the sampling and analysis results for all samples taken to verify the PCB
concentration of items that have been removed from a ship.  The results should be listed two
ways: by individual sample and by sampling scheme stage (that is, how the sample was selected
in the sampling plan).  Records for each individual sample include, but are not limited to:



• Unique identification number
• Type of material or item sampled
• Location where the sample was



collected
• Date the sample was collected



• Name of the collector
• Amount of the sample collected
• Analytical method used
• PCB concentration in the sample
• Limits of quantitation for chemical analysis



3.3.3 Removal and Storage Requirements



What are PCB-containing materials and wastes called in the PCB
regulations?  



You should be familiar with the various terms used in the PCB management regulations for
PCB-containing materials and wastes.  As defined by EPA 40 CFR 761.3, these terms include:
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• PCB article is any manufactured article (other than a PCB container) that contains
PCBs and whose surface(s) has been in direct contact with PCBs.



• PCB equipment is any manufactured item (other than a PCB container or PCB article
container) which contains a PCB article or other PCB equipment.  This includes
electronic equipment and fluorescent light ballasts and fixtures.



• PCB item is any PCB article, PCB article container, PCB container, PCB equipment,
or anything that deliberately or unintentionally contains or has as a part any PCBs. 



• PCB article container means any package, can, bottle, bag, barrel, drum, tank, or
other device used to contain PCB articles or PCB equipment, and whose surface(s) has
not been in direct contact with PCBs.



• PCB container means any package, can, bottle, bag, barrel, drum, tank, or other
device that contains PCBs or PCB articles and whose surface(s) has been in direct
contact with PCBs.



• PCB waste(s) means those PCBs and PCB items that are subject to the disposal
requirements found in 40 CFR 761, Subpart D. 



• PCB bulk product waste refers to waste derived from manufactured products
containing PCBs in a non-liquid state with a concentration of $50 ppm PCBs at the
time the waste is designated for disposal.



Ballast in fluorescent light fixtures may contain PCBs in small amounts - approximately 1.5
ounces.  Because EPA banned the manufacture of PCBs in 1979, all light ballasts
manufactured after 1979 should not contain PCBs and, until 1998, were  required to be
labeled as such ("No PCBs" notation).  With this label, it is acceptable to treat ballast as
unregulated for PCBs.  However, without the label, it must be assumed to contain PCBs. 
Fluorescent light ballasts are regulated for disposal if they contain PCBs in concentrations
of $50 ppm.  Disposal options include the following:



• Fluorescent light ballasts containing PCB small capacitors that are intact and non-
leaking can be disposed of as municipal solid waste in a state-approved solid waste
landfill [40 CFR 761.50(b)(2)(i) and 40 CFR 761.60(b)(2)(ii)].



• Fluorescent light ballasts containing PCBs in the potting material are regulated for
disposal as PCB bulk product waste in accordance with 40 CFR 761.62 [40 CFR
761.50(b)(2)(ii)].
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Will a RCRA ID number work? Unless
otherwise directed by EPA, your facility can
use its valid RCRA ID number for storing
PCBs.  Your facility must still notify EPA of
its PCB activity and then EPA can recognize
the RCRA ID number for PCB waste handling
activities.  



• PCB remediation waste is waste (e.g., soil, rags, or other debris) containing PCBs at
specified concentrations as a result of a spill, release, or other unauthorized disposal .



Are storage-for-disposal requirements for certain PCBs and PCB items met?



The storage of PCBs first became regulated in 1979, and the requirements have remained
virtually unchanged.  Typically, storage-for-disposal requirements apply to PCBs and PCB
items designated for disposal that: (1) are known or assumed to have concentrations $50 ppm,
or (2) have concentrations less than 50 ppm as a result of dilution (materials were originally
$50 ppm).



To comply with storage requirements for PCBs, your facility has already or will do the
following:



• Understand which PCBs and PCB items require storage and the various storage
options which are available.



• Establish a proper storage facility for PCBs.



• Use proper containers for PCB storage.



• Manage PCB storage in accordance with marking, recordkeeping, and inspection
requirements.



• Within the 1-year disposal time limit, remove from storage and dispose of PCBs and
PCB items. 



Has a TSCA identification number been obtained for storing PCBs?



Your facility is required to have a TSCA
identification (ID) number if it has a PCB
storage-for-disposal area or stores PCB
waste for more than 30 days.  To obtain a
TSCA ID number, your facility must file
EPA Form 7710-53 “Notification of PCB
Activity,” which can be obtained from the
EPA Regional office or accessed at
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http://www.epa.gov/opptintr/pcb/771053.pdf.  Following notification, EPA will assign your
facility a TSCA ID number.  



If your facility is considered a temporary storage facility (i.e., your facility does not have a
storage-for-disposal area and stores for less than 30 days), an identification number is not
required.  Contact the facility’s state regulatory agency to find out if the state has additional or
more stringent requirements.



Note: In addition to generators with on site PCB storage, TSCA ID numbers are also required
for: transporters; commercial storers; and approved disposers; research and development
treatability facilities; and scrap metal recovery ovens/smelters/high efficiency boilers.



Establishing a PCB storage-for-disposal facility



If your facility stores PCBs or PCB items for disposal, it must have a “PCB storage facility”
which meets the following requirements 40 CFR 761.65(b):



• Adequate roof and walls to prevent rainwater from reaching PCBs and PCB items.



• Adequate floor which has
continuous curbing with a
minimum 6-inch high curb. 
The floor and curbing must
provide a containment
volume equal to at least
two times the internal
volume of the largest PCB
article or container stored
inside or 25 percent of the total internal volume of all PCB articles and containers
stored inside, whichever is greater.  



• Floors and curbing constructed of Portland cement, concrete, or a continuous, smooth,
non-porous surface which prevents or minimizes penetration of PCBs.



• No drain valves, floor drains, expansion joints, sewer lines, or other openings that
would permit liquids to flow from the curbed area.



Tip: Use Stock Tanks or Metal Boxes.  EPA allows
flexibility in how to meet the “berming” criteria, such as 
using stock tanks or metal boxes. The berms of the
tank or box must be constructed of smooth impervious
materials and meet the height and volume requirements. 
The tank or box must not have any drains, seams, or
other openings that would allow liquids to flow from the
containment area.
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• Not located at a site that is below the 100-year flood water elevation.



An inspector may examine PCB storage-for-disposal areas and
check the floor and curb for cracks, measure to verify that the curb
is at least 6 inches high, and check the capacity of the containment
storage area against the total volume of PCBs in storage.  He/she
may also determine the 100-year floodplain location with respect to
any storage area.  Many ship scrappers are located within the 100-
year floodplain and cannot have storage areas.  



Can an existing building or a portion of an existing building be used to
properly store PCBs?



Your facility is not required to construct a separate building for the proper storage of PCBs and
PCB items.  Your facility can use an existing structure to act as a PCB storage facility provided
that it meets all the criteria noted above and listed in 40 CFR 761.65(b).  In addition, your
facility can designate an area within a building for PCB storage.  This area must be clearly
marked and segregated from other activities within the building.



Storing PCBs temporarily prior to disposal



Your facility has two options for temporarily storing PCB items in areas other than your PCB
storage facility.  These options are referred to as “30-day temporary storage” and “pallet
storage.”  



• Thirty-day temporary storage allows your facility to
store certain PCB items in an area that does not
comply with the requirements for a PCB storage
facility for up to 30 days from the date of their removal
from service for disposal [40 CFR 761.65(c)(1)].  A
note must be attached to the PCB item or container
indicating the date the item was removed from service. 
PCB items which can be stored under this option include:



S Non-leaking PCB articles and PCB equipment.
 



S Leaking PCB articles and PCB equipment if the PCB items are placed in a
non-leaking PCB container that contains sufficient sorbent materials to absorb
any liquid PCBs remaining in the PCB items.



Tip: Keep in mind that
the 30-day temporary
storage is included in the
total 1-year storage and
disposal time limit.











A Guide for Ship Scrappers: Sampling, Removal and
Tips for Regulatory Compliance 3-14 Disposal of PCBs



S PCB containers holding non-liquid PCBs, such as contaminated soil, rags, and
debris.



S PCB containers containing liquid PCBs at concentrations $50 ppm, provided a
Spill Prevention, Control, and Countermeasures (SPCC) plan has been
prepared for the temporary storage area.  In addition, the container must bear a
notation that indicates that the liquids in the drum do not exceed 500 ppm
PCBs.



In all cases where PCBs of 50 ppm or greater are stored for disposal for more than 30
days, a PCB storage facility is necessary.  Liquid PCBs at concentrations of $500 ppm
may not be stored temporarily. 



• Pallet storage allows your facility to temporarily
store certain PCB items on pallets next to your
PCB storage facility.  However, pallet storage is
only allowed when your PCB storage facility has
unfilled storage space that is immediately available
and is equal to 10 percent of the volume of the PCB items being stored on pallets [40
CFR 761.65(c)(2)].  PCB items which can be stored on pallets include non-leaking
and structurally undamaged PCB large, high-voltage capacitors and PCB-contaminated
electrical equipment (known or assumed 50 to 500 ppm) that have been drained of
free-flowing dielectric fluid. 



Marking PCB items and PCB storage areas



The large PCB mark must be used  to mark all PCB items and areas where PCBs are being
stored.  It is typically 6 × 6 inches, but may be reduced to 2 × 2 inches if space is limited.  Each
mark (see example) must have black letters and striping on a white or yellow background and
be sufficiently durable.  



All PCB storage areas, including your PCB storage facility, 30-day temporary storage, and
pallet storage, must be clearly marked [40 CFR 761.40(a)].  Marks must be placed on the
exterior of the storage areas so that they can be easily read by any person inspecting or
servicing the storage areas.



Tip: Your facility cannot use
pallet storage if it does not
have a PCB storage facility.
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If the mark is still too big for the PCB item, a smaller mark (shown here) can be used. This
mark is 1 inch by 2 inches, but can be reduced
down to 0.4 inches by 0.8 inches, if necessary.



An inspector may check
each item in storage for
PCB marks. 



Are inspections of PCB storage areas conducted?



Your facility must inspect all PCB articles and PCB containers in the PCB storage facility for
leaks at least once every 30 days.  If any leaking PCB articles or containers are found, they
must be transferred immediately to properly marked non-leaking containers.  Your facility must
clean up any spilled or leaked materials immediately, and dispose of the PCB-contaminated
materials and residues according to PCB disposal requirements [40 CFR 761.65(c)(5)].  











A Guide for Ship Scrappers: Sampling, Removal and
Tips for Regulatory Compliance 3-16 Disposal of PCBs



Your facility must also inspect any PCB items stored adjacent to the PCB storage facility on
pallets for leaks every week.  Any leaking PCB items must be placed inside the storage area
[40 CFR 761.65(c)(2)].



Are appropriate PCB storage containers used for storage and shipment?



Your facility must use containers for the storage of PCBs (known or assumed 50 ppm or
greater) that comply with the U.S. Department of Transportation (DOT) Hazardous Materials
Regulations at 49 CFR 171-180.  Please note that the shipping container requirements
listed in 40 CFR 761.65 (c)(6) are obsolete.  Your facility can obtain more information by
contacting EPA or its state regulatory agency.



Maintaining appropriate PCB storage practices and records



You must manage PCB storage so that PCB articles and PCB containers can be located by the
date they were removed from service for disposal.  Therefore, all PCB articles and containers
must be dated when they were removed from service for disposal, including 30-day temporary
storage and pallet storage [40 CFR 761.65(c)(8)].  



You must also develop and maintain records that document it is following all of the PCB
storage and disposal requirements [40 CFR 761.180(a)-(c)].  These records will form the basis
for the required “Annual Records” to be prepared by the facility. Facilities which use or store at
least one PCB transformer, 50 PCB large capacitors, or 99.4 lbs. of PCBs in containers must
keep the following records:



C Annual records  of all activities involving PCBs, including those PCBs in storage-for-
disposal or those which have been disposed of during the year.  These records must
include all manifests, certificates of disposal, records of inspections and cleanups.



C An Annual document log which includes specific and detailed information (dates,
weights, etc.) on the PCBs stored and disposed of during the year. The written annual
document log must include the name, address and EPA identification number of your
facility, and the calendar year covered.  The log also must include the following
information for PCB articles, containers of PCBs, or PCB articles in containers at or
generated at your facility:



S Unique identification number
S Container contents
S PCB concentration (ppm)



S Total volume of container
S Date received at the facility
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S Date PCB waste in each container was
removed from service for disposal



S Date placed in transport for off-site storage or
disposal



S Date disposed of (if known) 



If using bulk storage of PCBs in containers or bulk tanks larger than 55-gallon drums, your
facility must maintain records for each batch of PCBs added to the containers.  These records
must include the quantity of the batch and the date the batch was added.  The records will also
include the date, quantity, and method of disposition of any batch of PCBs removed from the
container [40 CFR 761.65(c)(8)].



The records and logs must be maintained for at least three years after the facility no longer
stores PCB transformers, capacitors, or containers in the above quantities.  All records must be
available for inspection by EPA upon request. Although there is no requirement to do so,
facilities should keep these records beyond the three-year period to show compliance and limit
liability in future years. 



PCBs stored onsite must be disposed of within one year 



All PCBs must be removed from storage and disposed of within one year [40 CFR 761.65(a)]. 
The 1-year time starts the date the PCBs articles are removed from service for disposal or the
first batch of PCBs is placed in the container for storage-for-disposal. 
Basically, this means that your facility (i.e., the generator) has nine months of the 1-year
disposal timeframe to store PCBs and transport those PCBs to the disposal facility.  The
remaining three months are for the disposal facility to dispose of the waste.



If your facility delivers the PCB waste to a
disposal facility later than 90 days before the end
of the 1-year disposal deadline, your facility will
be held liable if the disposal facility cannot
dispose of the waste in time.  On the other hand,
if your facility delivers the waste with 90 days or
more remaining in the 1-year deadline, then the disposal facility is responsible for disposing of
the material before the deadline.  The disposal facility will share in any liability if it does not
dispose of the PCB waste within 90 days from the date it is received.



How are PCB liquids, items, and wastes disposed of?
 



Tip: A list of commercially permitted
PCB disposal companies can be found
at http://www.epa.gov/opptintr/pcb/
stordisp.html.
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Your facility must follow strict requirements for the disposal of PCB-containing or PCB-
contaminated liquids, articles (e.g., transformers, capacitors, hydraulic machines, electrical
equipment, fluorescent light ballasts), containers, spill material, bulk remediation wastes, and
bulk product wastes.  Depending on the item and its PCB concentration, the following kinds of
disposal may be required in 40 CFR 761.60 through 40 CFR 761.62:



• Licensed incinerator
• High efficiency boiler 
• Chemical waste landfill



• Hazardous waste landfill
• Municipal solid waste landfill
• Non-municipal non-hazardous waste landfill



When disposing of electrical cables, are PCB materials in the cables
separated from non-PCB materials?



Your facility may use shredders and
separators to recover recyclable
metal that is intermixed with useless
nonmetallic material (see box). Some
shredder feedstock contains
hazardous materials, such as PCBs or
asbestos, which can be difficult to
contain and effectively separate from
the metals during the shredding and
separation process.  



While shredding no longer
requires an approval under the
PCB regulations, EPA may
require a permit of shredding
operations to ensure that
hazards are properly controlled
during shredding and separation
and that the metals and fluff are properly managed thereafter (40 CFR 750).  Your facility can
contact EPA or your state regulatory agency for more information. 



3.4 PCB SPILL REPORTING REQUIREMENTS 



Are PCB spills reported?



Note: Many older vessels have electrical cables that
contain asbestos.  A National Emission Standards for
Hazardous Air Pollutants (NESHAP) notification may be
required if cables contain asbestos. For information about



Using Shredding for Recovery: Electrical cables,
which range from approximately 15% to 75% copper
by weight, are often shredded for recovery of the
copper by recyclers specializing in this process. 
Shredders first reduce the parts to a gravel-like
mixture of metal particles and nonmetal “fluff.”  After
shredding, the metals can be separated from the
fluff by several means, such as magnetic
separators, air flotation separator columns, or
shaker tables. 











A Guide for Ship Scrappers: Sampling, Removal and
Tips for Regulatory Compliance 3-19 Disposal of PCBs



EPA has issued regulations controlling the disposal of PCBs, including both accidental and
intentional releases of PCBs to the environment.  In the event of improper disposal of PCBs in
concentrations of 50 ppm or greater (or when material with concentrations now less than 50
ppm became that way through dilution), EPA has the authority under Section 17 of TSCA to
compel persons to take action to rectify any damage or clean up the resulting contamination.



EPA has established a nationwide policy
for PCB spill cleanups that could affect ship
scrapping facilities that have improperly
disposed of PCBs [40 CFR 761.120]. 
This policy became effective on May 4,
1987 and applies only to spills that occur
after that date.  Existing spills which
occurred prior to May 4, 1987 are to be cleaned up in accordance with requirements
established at the discretion of EPA.  The policy requires the cleanup to different levels,
depending on the spill location, the potential for exposure to residual PCBs initially spilled, and
the nature and size of the population potentially at risk of exposure.  



Spills of liquids containing any amount of PCBs are subject to TSCA regulations. Under the
TSCA spill policy, your facility is required to report the following PCB spills to the appropriate
EPA Regional Office of Pesticides and Toxic Substances in the shortest possible time after
discovery, but in no case later than 24 hours after discovery:



• All PCB spills, 50 ppm or greater, which contaminate surface waters, sewers and
sewer treatment plants, private or public drinking water sources, animal grazing lands,
and vegetable gardens.



• All PCB spills, 50 ppm or greater, involving 1 lb. or more pure PCBs (by weight) (e.g.,
approximately 1 pound of Askarel).



  



Other Reporting Requirements: Your facility may be required to report PCB spills under the
Clean Water Act (CWA) and the Comprehensive Environmental, Response, Compensation and
Liability Act (CERCLA).  Under the CERCLA National Contingency Plan, all spills involving 1
pound or more of a PCB material must be reported to the National Response Center (NRC) at 1-
800-424-8802.  Check with your EPA regional office for more information on reporting PCB spills.



Definition of a Spill: A spill means both
intentional and unintentional spills, leaks, or
other uncontrolled discharges where the
release results in any quantity of PCBs with
concentrations of 50 ppm or greater.
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4.  BILGE AND BALLAST WATER REMOVAL



An important activity during ship scrapping is the proper removal and disposal of wastewater,
specifically bilge water and ballast water.  The activities, if not conducted properly, may impact
the environmental and present health and safety concerns for your workers. 



4.1  INFORMATION ABOUT BILGE AND BALLAST WATER



The following section describes bilge water and ballast water, where they are found on a ship,
and the potential human health and environmental impacts if they are not managed properly
during removal and disposal.



What is bilge water and where is it found on a ship?



Typically, government-owned ships received for scrapping have minimal bilge water onboard. 
Bilge water consists of stagnant, dirty water and other liquids, such as condensed steam, and
valve and piping leaks, that are allowed to drain to the lowest inner part of a ship's hull (i.e., the
bilge).  Bilge water may also be found in onboard holding tanks, often referred to as oily waste
holding tanks or slop tanks.



Bilge water originates from many sources both when a ship is in operation and when a ship is
being scrapped.  It may contain pollutants, such as oil and grease, inorganic salts, and metals
(e.g., arsenic, copper, chromium, lead, and mercury).  When a ship is in operation, bilge water
may originate from leaks and spills, steam condensate, and boiler blowdown.  This drainage
may include small quantities of oils, fuels, lubricants, hydraulic fluid, antifreeze, solvents, and
cleaning chemicals.  During ship scrapping, bilge water is created through the accumulation of
rain water (because the decks are open) and the collection of water from fire lines that leak, are
left open or are used to wet down compartments.  Additional bilge water may be generated
during asbestos removal and metal cutting activities.   



What is ballast water and where is it found on a ship?



Ballast is typically water (e.g., port water, sea water) that is intentionally pumped into and
carried in tanks to adjust a ship’s draft, buoyancy, trim, and list, and to improve stability under
various operating conditions.  There can be several kinds of ballast water onboard a ship during
its operation, including:
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• Clean ballast.  Clean ballast is
seawater that has been pumped
into dedicated ballast tanks. 
Because these tanks are
dedicated to ballasting
operations, the seawater is not
mixed with fuel or oil.  Clean
ballast water may contain
pollutants, such as metals (e.g.,
iron, copper, chromium) and
chemical constituents.  These can come from additives (e.g., flocculant chemicals that
facilitate the separation of suspended silts) or from contact of the water with the piping
systems and ballast tank coatings (e.g., epoxy coatings and rust inhibitors containing
petroleum distillates).  The concentration of these pollutants is expected to increase the
longer the water is in the clean ballast system.    



• Compensated fuel ballast. During a ship’s operation, compensated fuel ballast is
seawater that is taken in by the ship to replace fuel as the fuel is used, thereby
maintaining the ship’s stability.  The tanks are always full of fuel, seawater, or a
combination of both.  Depending on the seawater to fuel ratio at the time of scrapping,
pollutants in compensated fuel ballast may include fuel, fuel additives (e.g., biocides
added to control bacterial growth in the fuel oil), oil and grease, petroleum
hydrocarbons and metals, which may result from leaching and corrosion of the fuel
containment systems.



• Dirty ballast. Dirty ballast is created when seawater is pumped into empty fuel tanks
for the purpose of increasing ship stability.  The seawater mixes with residual fuel
producing “dirty” ballast.  Pollutants in dirty ballast may include residual fuel, fuel
additives (e.g., biocides), oil and grease, petroleum hydrocarbons, and metals (e.g.,
copper, nickel, silver, and zinc). 



What are the potential impacts of bilge and ballast water discharges?



During a ship’s operation, bilge and ballast water are routinely discharged by ships operating in
U.S. coastal waters on a daily basis as regulated by the U.S. Coast Guard (USCG).  The



Types of Ballast: Ballast can consist of
materials other than water, such as mud or
concrete.  Mud ballast usually refers to drilling
mud used in the petroleum drilling industry to
lubricate drill bits and remove drilling debris.  This
type of ballast is typically treated with lubricants
and corrosion inhibitors. The term mud ballast
may also refer to concrete, rock, water, and other
forms of locked-in ballast.



Chromated ballast water: Sodium chromate may be added to ballast water to
prevent algal growth at the time of vessel layup.
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criteria for a ship’s discharge is 15 ppm total petroleum hydrocarbons (TPH).  Through process
knowledge, it is known that the presence of PCBs, oils, and Resource Conservation Recovery
Act (RCRA) metals in regulated concentrations is not a standard occurrence.  However, in the
event that these pollutants are present at elevated concentrations in discharged bilge water and
ballast water, there may be potential impacts to serious human health and environmental
impacts.  These are as described below:



• Bilge and ballast water may both contain metals which cannot be removed through
treatment or environmental degradation.  Metals, if ingested, can cause various human
health problems such as lead poisoning and cancer.  Additionally, consumption of
contaminated seafood has resulted in exposure exceeding recommended safe levels. 



• Bilge water may contain toxic organics, such as solvents and polychlorinated biphenyls
(PCBs), which can be cancer-causing and lead to other serious ailments, such as
kidney and liver damage, anemia, and heart failure.  Discharges of toxic organics can
also result in the release of poisonous gas, which occurs most often when acidic wastes
react with other wastes in the discharge.



• Bilge water may contain oils and fuels which can poison fish and other marine
organisms.  Since these pollutants can float on the water’s surface and be blown into
the shoreline, they can physically cover plants and small animals thereby interfering with
plant life cycles and the animal’s respiration.  Birds, fish, and other animals are known
to abandon nesting areas soiled by pollution.  



• Ballast water has the potential to contain plants and animals, including
microorganisms and pathogens, that are native to the location where the water was
brought aboard.  When the ballast water is transported and discharged into another
port or coastal area, the
surviving organisms have the
potential to impact the local
ecosystem.  The invasion of
nonindigenous aquatic species
(see box) is an environmental
concern with ballast water
discharges into U.S. harbors as
it can cause significant changes
to ecosystems, upset ecological
balances, and cause serious



An Example of a Nonindigenous Aquatic
Species - the Zebra Mussel.  The most
infamous ballast water stowaway is the zebra
mussel.  Originally from the Baltic Sea, and
transferred commercially after the United States
government lifted the Russian grain embargo in
1981, it now flourishes in the Great Lakes. 
Since 1991,  the mussels have been altering the
entire food web by removing vast amounts of
basic food material from the ecosystem.  
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economic harm to U.S. marine, agricultural and recreational sectors.
  



4.2 WHO REGULATES BILGE AND BALLAST WATER REMOVAL?



Regulations governing the removal and disposal of bilge and ballast water and related activities
(e.g., tank cleaning) are important for the protection of environment as they reduce the amount
of pollutants released into the environment through wastewater and ensure proper management
of wastes produced from wastewater treatment. Regulations also protect workers performing
bilge and ballast removal activities (e.g., handling hazardous waste, performing tank cleaning in
confined and enclosed spaces and dangerous atmospheres) during ship scrapping.



• EPA.  EPA has regulatory oversight authority of bilge and ballast water discharges,
under the following federal laws:



S Clean Water Act (CWA).  The CWA regulations establish limits on the
pollutants that can be discharged by direct dischargers, including publicly-
owned treatment works (POTW), and indirect dischargers.   



 
Direct dischargers . Direct dischargers are regulated under the National
Pollutant Discharge Elimination System (NPDES) program (40 CFR 122). 
The NPDES program requires that all point source discharges to waters of the
United States are covered under an NPDES permit.  As of December 1999,
EPA has authorized 43 states and one territory to administer the NPDES
program.  



Indirect Dischargers . If your facility is an indirect discharger, it discharges
wastewater into a sewer system that leads to a municipal treatment plant, also
known as a POTW.  The POTW typically is owned by the local municipality or
a regional board or sewer authority.  To address indirect discharges from
industries to POTWs, EPA established the National Pretreatment Program as a
component of the NPDES permitting program.  The National Pretreatment
Program is designed to reduce the level of pollutants discharged by industry and
others into municipal sewer systems (which lead to POTWs), and thereby,
reduce the amount of pollutants released into the environment through
wastewater.  The program requires industrial and commercial dischargers to
treat or control pollutants in their wastewater prior to discharge to POTWs (40
CFR 403). 
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Unlike other environmental programs that rely on federal or state governments
to implement and enforce specific requirements, the pretreatment program
places the majority of this responsibility on the POTWs.  In authorized states,
certain POTWs are required to develop local pretreatment programs which are
then approved by the state.  Of the 44 states/territories authorized to implement
state NPDES permit programs, 27 are authorized to approve local
pretreatment programs.  In all other states and territories, the pretreatment
programs are approved by EPA.



Used oil management and discharges of oil. Used oil is regulated under the
Used Oil Management Standards (40 CFR 279).  Under the CWA, the
discharge of oil in such quantities as may be harmful into  navigable waters of
the United States and adjoining shorelines is prohibited [CWA Section 311(b)]. 
EPA’s Discharge of Oil regulation provides information regarding these
discharges (40 CFR Part 110) and the Oil Pollution Prevention regulation (40
CFR Part 112) requires certain facilities to prepare and implement Spill
Prevention, Control, and Countermeasures (SPCC) plans, and/or Facility
Response Plans (FRPs).  Waste or used oil that is hazardous must be managed
according to the RCRA hazardous waste regulations (40 CFR 261-270).



S Resource Conservation and Recovery Act (RCRA).  Under RCRA
Subtitle C regulations (40 CFR Parts 260-299), facilities that generate
hazardous waste must meet waste accumulation, manifesting, and
recordkeeping requirements.  Although RCRA is a federal statute, many states
implement the RCRA program.  Currently, EPA has delegated its authority to
implement various provisions of RCRA to 47 of the 50 states and two U.S.
territories.  Delegation has not been given to Alaska, Hawaii, or Iowa.



• OSHA.  OSHA regulations include general requirements that workers must follow
when performing bilge and ballast water removal operations, such as the use of
personal protective equipment (PPE) (29 CFR 1915 Subpart I).  In addition,
depending on the work involved, workers may have to follow specific OSHA
requirements, such as those for conducting confined and enclosed space activities (29
CFR 1915 Subpart B).  These requirements will be presented in the following sections.



4.3 REMOVING BILGE AND BALLAST WATER



4.3.1 Removal Activities
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Has the bilge and ballast water been tested?



Your facility will most likely be required to determine pollutant concentrations in the bilge and
ballast water prior to its discharge, either as a condition of its NPDES permit or as required by
the POTW.  Sampling may be conducted prior to removal of the water or after it has been
transferred to a holding tank(s).  The pollutants to be tested for are specified in the permit or
specified by the POTW.  Wastewater, particularly ballast water, should be tested to determine
the concentration of chromium.  This is due to the practice of  adding sodium chromate to
ballast water (and sometimes bilge water) to prevent algal growth during a ship’s operation. 
Chromium may be present at a high concentration which will make the water a hazardous
waste.
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Is transfer operations equipment inspected prior to removal activities?



Your facility may use different kinds of transfer operations equipment, such as piping, valves,
gauges, regulators, compressors, pumps, and other mechanical devices to transfer oil from the
ship to onshore storage location.  This equipment should be inspected regularly and repaired as
necessary because of the high risk of spills during these operations. 



An inspector may evaluate transfer operations equipment to verify
that all equipment is in proper working order and there is no
evidence of spills or leaks.



Are booms immediately available to contain accidental discharges?



During scrapping, your facility is required to have immediately available certain types and
lengths of boom to help contain any accidental discharges of oil or oil-containing wastewater
and reduce the potential for impacts to surrounding biological resources.  This is an EPA
requirement if your facility is subject to the SPCC rule (see Section 4.6). Under the SPCC rule,
spill prevention procedures or controls, such as booms, oil sorbents and barriers, can be used
to reduce impacts to the environment in the event of a spill.



4.3.2 Cleaning Tanks/Compartments Onboard



Following the removal of bilge and ballast water from the ship, the ship tanks and/or
compartments may need to be cleaned to remove any residual oil or waste prior to additional
ship scrapping activities (e.g., metal cutting).  If working inside spaces or areas, workers may
be required to follow the OSHA requirements for confined and enclosed space work and
dangerous atmospheres (29 CFR 1915 Subpart B).



 Are spaces cleaned after removal of bilge and ballast water?



Depending on the kind of residues in a tank or compartment after bilge or ballast water
removal, your facility may need to clean that space before any hot work can be performed. 
When cleaning spaces that contain or have last contained bulk quantities of liquids that are
toxic, corrosive, or irritating, the facility must ensure that manual cleaning and other cold work is
not performed until certain conditions are met [(29 CFR 1915.13) and (29 CFR 1915.14
(Hotwork)].  These conditions include, but are not limited to, the following:



• Liquid residues of hazardous materials must be removed as thoroughly as practicable
before workers start cleaning operations in the space. 
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• Testing must be conducted by the
facility’s competent person to
determine the concentration of
flammable, combustible, toxic,
corrosive, or irritant vapors within the
space prior to the beginning of
cleaning or cold work.  



• Continuous ventilation must be
provided at volumes and flow rates
to ensure that these concentrations of
vapors are within certain limits/levels,
and testing must be conducted as
often as necessary by the competent
person during cleaning to assure that air concentrations stay within these limits/levels.  



 Following cleaning, tanks or other areas that have or have contained flammable liquids must be
certified by a marine chemist or a U.S. Coast Guard authorized person before any hot work
can be performed.



An inspector may review site records to verify that the proper
testing was conducted prior to and during the time that workers
conducted cleaning in these spaces. 



Are confined or enclosed spaces determined to be safe for entry?



Prior to workers entering a
specific confined or enclosed
space, your facility’s
competent person must (1)
visually inspect the space for
the presence of solids, liquids
or other contaminants, and (2)
test the space, as appropriate,
for:



• Oxygen content [29
CFR 1915.12(a)]



A confined space is defined as a compartment of small
size and limited access such as a double bottom tank,
cofferdam, or other space which by its small size and
confined nature can readily create or aggravate a hazardous
exposure.  



An enclosed space is defined as any space, other than a
confined space, which is enclosed by bulkheads and
overhead.  Enclosed spaces include cargo holds, tanks,
quarters, and machinery and boiler spaces.



Who is a “competent person”? 
A competent person is a person who is
capable of recognizing and evaluating worker
exposure to hazardous substances or to
other unsafe conditions and is capable of
specifying the necessary protection and
precautions to take to ensure worker safety. 
Your facility may designate any person who
meets the requirements found in 29 CFR
1915.7 to be a competent person
responsible for performing testing in certain
situations (29 CFR 1915.7).  The facility may
use a Marine Chemist, or in some cases, a
certified industrial hygienist to perform the
same activities as a competent person.  
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• Concentrations of flammable vapors or gases  [29 CFR 1915.12(b)]
• Concentrations (air) of toxics, corrosives, or irritants  [29 CFR 1915.12(c)]



If the tests demonstrate that the oxygen content and air concentrations are within the required
limits, then workers may enter the space to work.  If the tests show that it is not safe to enter a
space, then certain measures must be taken (e.g., ventilation, re-testing, labeling the space to
prevent entry or prevent entry without the required protection) for that space.



An inspector may review site records to verify that proper air
sampling was conducted prior to workers entering confined or
enclosed spaces. 



Are workers entering confined or enclosed spaces appropriately trained?



Your facility is required to train workers who enter confined or enclosed spaces or other areas
with dangerous atmospheres to perform their work safely.  OSHA requires training in hazard
recognition and the use of personal protective equipment (PPE).  Your facility must provide
workers entering these spaces with training before they are allowed to enter, and whenever
there is a change in operation or in a worker’s duties [29 CFR 1915.12(d)]. 



An inspector may review training records to verify that workers have
the appropriate training to be working in confined and enclosed
spaces.



4.4 DISCHARGING BILGE AND BALLAST WATER



Your ship scrapping facility routinely manages the disposal of wastewater, including bilge water
and ballast water, and where it discharges (e.g., directly to surface waters or indirectly to a
POTW) will determine which discharge requirements apply.  During ship scrapping, bilge water
and ballast water are routinely transferred from the ship’s tanks or bilges to onshore storage
tanks, evaporation pits (ballast water only), or directly overboard.  



This onboard water must be tested to determine pollutant concentrations either prior to transfer
onshore or prior to discharge.  Wastewater “treatment” may be required to remove certain
pollutants (e.g., oils, fuels) prior to discharge.  Oily sludges, which are often produced from
wastewater treatment (or that are removed from tanks bottoms and bilges), may require
management as used oil or hazardous waste. 



4.4.1  Direct Discharges











A Guide for Ship Scrappers:
Tips for Regulatory Compliance 4-10 Bilge and Ballast Water Removal



Is wastewater discharged directly to waters of the United States?



If your ship scrapping facility discharges wastewater directly into waters of the United States, it
is a direct discharger and subject to the requirements of the NPDES permitting
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Tip: For facilities in coastal areas,
states may include stricter permit
limits in order to meet the
requirements of the Coastal Zone
Management Act (CZMA).  For more
information on these requirements,
contact your permitting agency.



program (40 CFR 122). The
NPDES program controls direct
discharges or “point source”
discharges into navigable
waters.   If your facility is not
a direct discharger, refer to
Section 4.4.2. Indirect
Discharges.



Does your facility have an NPDES permit?



As a direct discharger, you must apply for and obtain a permit under the NPDES program. 
Permits must be obtained from EPA or the authorized state or territory.  



As of December 1999, EPA has
authorized 43 states and one territory to
administer the NPDES program. Where
permit authority has not been delegated
to the state or territory, your facility
must apply for a permit directly from
EPA rather than the state authority.  EPA has not delegated authority to the following states and
territories: Alaska, Arizona, District of Columbia, Idaho, Maine, Massachusetts, New
Hampshire, New Mexico, Pacific Territories, Puerto Rico, and the federal Tribal Lands.



An NPDES permit typically includes effluent limits,
sampling or monitoring requirements, and reporting
requirements.  In addition, it may contain other site-
specific requirements, such as (1) construction
schedules, (2) best management practices (BMPs),
(3) additional monitoring for non-regulated
pollutants, and (4) spill prevention plans. 



An inspector may ask to see a copy of your facility’s NPDES
permit covering wastewater discharges.



Complying with the effluent limits specified in the NPDES permit 



What is a point source?  A point source is broadly
defined as any discernable, confined, and discrete
conveyance, including but not limited to any pipe, ditch,
channel, tunnel, conduit, well, discrete fissure, container,
rolling stock, concentrated animal feeding operations, or
vessel or other floating craft, from which pollutants are or
may be discharged (40 CFR 122.2).



Tip: Aside from needing a permit for your bilge
water and wastewater discharges, your facility
may also need an NPDES storm water permit for
the storm water runoff from your facility. 
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An NPDES permit sets limits, often referred to as effluent limits, on the amount of pollutants
that can be discharged to surface waters. These limits are based on either available wastewater
treatment technology or on the specific water quality standards of the surface water.  



As part of the permit application, your facility may be required to analyze its wastewater for a
variety of pollutants, including biochemical oxygen demand (BOD), chemical oxygen demand
(COD), total organic carbon (TOC), total suspended solids (TSS), ammonia (as N),
temperature, and pH.



Is wastewater monitoring conducted in accordance with the NPDES permit?



Your ship scrapping facility typically will not have a
continuous production of industrial wastewater. 
However, as a condition of your NPDES permit,
your facility may be required to periodically monitor
your wastewater, which may include the bilge and
ballast water, to determine pollutant concentrations
prior to discharge. The bilge and ballast water may
be tested while still onboard in the ship’s
compartments of tanks or after being transferred to onshore storage tanks.  The frequency and
tests required will be specified in the permit.  The results of the wastewater monitoring must be
submitted as a report to the permitting agency.



Sometimes the pollutant concentrations of  the bilge and ballast water onboard a ship will be
provided to the ship scrapping facility when the ship is received for scrapping.  However, if this
documentation is not provided, the facility will be required to test the water prior to discharge.



Wastewater, particularly ballast water, should be tested to determine the concentration of
chromium.  This is due to the practice of  adding sodium chromate to ballast water (and
sometimes bilge water) to prevent algal growth during a ship’s operation.  Chromium may be
present at a high concentration which will make the water a hazardous waste.



Are all monitoring records maintained as required by the NPDES permit?



It is extremely important for your facility to keep
accurate records of wastewater monitoring
activities.  The records generated under the
NPDES program must include:



Removing oil from wastewater. To
reduce pollutant concentrations,
particularly oil, a facility may treat
wastewater using an oil-water
separator or some comparable
wastewater treatment technique (see
Section 4.5). 



Tip: Compare the monitoring results to
verify that your facility meets the effluent
limits in its NPDES permit. 
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• The date, exact place, and time of sampling or measurements
• The individual(s) who performed the sampling or measurements
• The date(s) analyses were performed
• The individual(s) who performed the analyses
• The analytical techniques or methods used
• The results of such analyses (e.g., bench sheets, instrument readouts, computer



disks, etc.) (40 CFR 122.41)



NPDES permits require that all monitoring records be maintained at the facility for at least three
years.  Note: Many states require these records to be maintained for at least five years.



During an inspection, the inspector may ask to see the facility’s
wastewater monitoring records.



Are additional NPDES reporting requirements met?



While some reporting requirements are facility-specific, there are several NPDES reporting
requirements which apply to all facilities.  In the case of the events described below, a facility
must report to EPA or the authorized state regulatory agency within the required timeframe. 
These reporting requirements are as follows:



Event Reporting Time Frame



Any noncompliance with your permit that may
endanger health or the environment 



Other noncompliance



Within 24 hours of becoming aware of
violation; written submission within five days



At the time the facility’s monitoring reports
are submitted



Any planned physical alterations or additions
to your facility



As soon as possible prior to alterations or
additions



Any planned changes in your discharge that
may result in noncompliance



In advance of changes



4.4.2 Indirect Discharges



Is wastewater discharged to a POTW?
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As an indirect discharger, your facility
must meet the requirements of the
National Pretreatment Program (40
CFR 403).  Under this program,
industrial sources discharging
wastewater to POTWs must control
the amount of pollutants discharged
and meet certain pollutant limits
established by EPA, the state, and/or the local authority.  The control of these pollutants may
necessitate treatment of the wastewater prior to discharge to the POTW — therefore the term
"pretreatment."  



There are three types of pretreatment requirements: 



• General pretreatment standards . At a minimum, these federal general pretreatment
standards apply to your ship scrapping facility’s discharge to a POTW.



• Categorical pretreatment standards .  Currently, ship scrapping facilities are NOT
subject to categorical standards. These standards establish numerical limits for specific
categories of industrial sources on the discharge of particular toxic pollutants that could
interfere with or pass through POTWs. 



• Local limits.  These are locally-established requirements for specific facilities which
may also apply to your facility. 



Are general pretreatment standards for wastewater discharges met?



In response to the potential problems caused by industrial wastewater, federally-required
general pretreatment standards were developed to prevent the discharge of pollutants to the
POTW that will:



• Interfere with the operation of the POTW
• Pass though the POTW untreated
• Create problems with disposal of sludge from the POTW
• Cause problems to sewer system or treatment plant workers from exposure to



chemicals



What is pretreatment? The reduction of the
amount of pollutants, the elimination of pollutants,
or the alteration of the nature of pollutant
properties in wastewater prior to or in lieu of
discharging or otherwise introducing such
pollutants into a POTW [40 CFR 403.3(q)].
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Your facility, as an indirect discharger, must meet these general pretreatment standards. 
Basically, these standards include general and specific discharge prohibitions [40 CFR 403.5(a)
and (b)] as described below. 



• General prohibitions  do not allow the discharge of any pollutant(s) to a POTW that
causes pass through or interference.



S Pass through is a discharge which exits the POTW into waters of the United
States in quantities or concentrations which, alone or in conjunction with a
discharge(s) from other sources, is a cause of a violation of any requirement of
the POTW’s NPDES permit.



S Interference is a discharge, which, alone or in conjunction with a discharge(s)
from other sources, both (1) inhibits or disrupts the POTW, its treatment
processes or operations, or its sludge processes, use, or disposal; and (2)
therefore is a cause of a violation of any requirement of the POTW’s NPDES
permit or prevents the use or disposal of sewage sludge. 



• Specific prohibitions  do not allow the discharge of certain types of wastes from all
non-domestic sources, including the following:



S Discharges containing pollutants which create a fire or explosion hazard in the
POTW.



S Discharges containing pollutants causing corrosive structural damage to the
POTW, but in no case discharges with a pH lower than 5.0, unless the POTW
is specifically designed to handle such discharges.



S Discharges containing pollutants in amounts causing obstruction to the flow in
the POTW resulting in interference.



S Discharges of any pollutants released at a flow rate and/or concentration which
will cause interference with the POTW.



S Discharges of heat in amounts which will inhibit biological activity in the POTW
resulting in interference, but in no case in such quantities that the temperature at
the POTW treatment plant exceeds above 104EF (40EC) unless an alternative
temperature limit is approved. 
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S Discharges of petroleum oil, nonbiodegradable cutting oil, or products of
mineral oil origin in amounts that will cause interference or pass through.



Local POTWs with approved pretreatment programs have responsibility for enforcing
pretreatment requirements.  



Does the facility have a pretreatment permit from the POTW for its
wastewater discharges?



In addition to the local limits, your POTW may require your facility to have a pretreatment
permit for its wastewater discharges.  This permit usually includes effluent limits, as well as
monitoring, reporting, and recordkeeping requirements.  While a POTW is required by federal
law to permit significant industrial users (SIUs), it may also choose to issue permits to any of its
industrial dischargers.



Remember — even if a permit is not required, your facility will still need to get
approval from the POTW for its industrial wastewater discharges to the POTW.



Prior to the inspection, the inspector may contact the POTW to
determine if a pretreatment permit is required for your facility. 
During the inspection, the inspector may review the permit to
determine if your facility is in compliance with permit conditions.



Are local POTW limits for wastewater discharges met?



Under the pretreatment program, a POTW can implement and enforce specific “local limits” for
any or all of the industrial facilities from which it receives wastewater as part of its pretreatment
program activities.  Basically, these limits are designed to protect the POTW and its workers
and to meet the POTW’s own NPDES permit limits.



Contact your POTW.  The primary enforcement authority for
pretreatment regulations is often the local POTW.  To assure
compliance, your facility must contact its local POTW, even if it
has already contacted the state regulatory agency or EPA region.
Where the POTW local limits are more stringent than federal
requirements, these local limits will replace  the federal requirements.
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The POTW used by your ship scrapping facility may or may not have local limits.  Prior to
discharging to the POTW, your facility should contact the POTW to see if any pretreatment
conditions or local limits apply to your wastewater discharges. Remember — even if your
facility is not subject to the POTW’s local limits, the general pretreatment standards
do apply.



Prior to the inspection, the inspector may contact the POTW to
determine if any pretreatment conditions or local limits apply to
your facility.  During the inspection, the inspector may review
facility records to determine if your facility is in compliance with
applicable pretreatment requirements, including local limits.  



Are monitoring and recordkeeping requirements met for indirect wastewater
discharges?



The monitoring and recordkeeping requirements applicable to your facility will be specified in its
POTW pretreatment permit.  Your facility may be required to sample the bilge and ballast
water prior to discharging to the POTW, either as a condition of the permit or as required by
the POTW.  



Sampling or monitoring records must be maintained for all samples collected for at least three
years.  These records, which should be available for review at any time, must include:



• Date, exact place, method, and time of sampling
• Individual(s) who performed the sampling
• Date(s) analyses were performed
• Individual(s) who performed the analyses
• Analytical techniques or methods used
• Results of such analyses [40 CFR 403.12(o)]



Meeting reporting requirements for indirect wastewater discharges



The reporting requirements applicable to your facility will be specified in its wastewater
discharge permit.  In addition to these reporting requirements, there are some reporting
requirements that apply to all indirect dischargers, even if they do not have a permit. These are
presented below. 



• Immediately notify the POTW or state of a discharge of wastewater that could cause
problems to the POTW, including slug loading [40 CFR 403.12(f)]. 
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• Notify the POTW or state of substantial change in wastewater discharge prior to the
change [40 CFR 403.12(j)].



• Notify the POTW, state hazardous waste
authorities and EPA Regional Waste
Management Division Director of a discharge
of hazardous waste.  This is a one-time
notification required of those who discharge
more than 15 kg of a hazardous substance in a month; or if the substance is acutely
hazardous and any amount is discharged [40 CFR 403.12(p)].



The written notification must include:



S Name of the listed hazardous waste as listed in 40 CFR 261.
S EPA hazardous waste number.
S Type of discharge.
S Certification that a program is in place to reduce the amount and toxicity of the



hazardous waste that is generated, to the degree that is economically feasible.



If discharging more than 100 kg of hazardous waste in one month, the notification also
must include:



S Identification of the hazardous waste constituents that are contained in the
waste.



S An estimate of the mass and concentration of the constituents in the waste
stream discharged during the month.



S An estimate of how much will be discharged in the next 12 months.  If any new
substance is listed under RCRA and a facility discharges the substance, the
facility must notify the authorities cited above within 90 days of the new
listing



Does your facility pay a surcharge for discharges to the POTW? 



Even if permits are not required, wastewater treatment by POTWs costs money and most
POTWs charge according to the volume of wastewater treated.  Many POTWs charge flat
rates per unit flow and pollutants, regardless of concentration.  Other POTWs may charge



Tip: A list of acutely hazardous
wastes can be found in 40 CFR
261.30(d) and 40 CFR 261.33(e).
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extra if the waste load exceeds certain specified levels.  This extra charge is called a surcharge.
Surcharges are used for pollutants that typically can be treated at the wastewater treatment
plant such as biochemical oxygen demand (BOD) and total suspended solids (TSS).



A surcharge is defined as a charge that is based on the pounds of waste material in industrial
wastewater in excess of a facility’s “normal” levels.  The surcharge is levied in addition to the
normal sewer service charge which is the regular charge for treating normal strength wastes and
is generally based on volume alone.  Because a surcharge typically is based on the pounds of
waste above “normal,” there is an economic incentive for facilities to reduce the strength of
these wastes. 



4.5 WASTEWATER TREATMENT AND WASTE MANAGEMENT



Bilge and ballast water often contain concentrations of many pollutants, particularly oil and fuel,
which must be reduced prior to wastewater discharge to a POTW or directly to surface waters. 
This reduction of pollutant concentrations is often required for your facility to meet permit
and/or local limits.  Wastewater treatment processes may produce waste oil and oily sludge. 
These materials may be stored in containers or holding tanks and depending on their properties,
either: (1) managed as used oil or (2) managed and disposed of as hazardous waste. The
effluent discharges from an oil-water separator typically contain the same constituents present in
bilge water, but with lower concentrations of oil and grease and oil-soluble components.



4.5.1 Treating Wastewater



Is an oil-water separator system used for wastewater treatment?



“Treating” bilge and ballast water when still onboard a ship or stored in onshore tanks is
typically accomplished using some type of oil-water separator system.  While there are several
types of oil-water separators available, it is important to install and use one that can remove any
free, dispersed, and emulsified oils present in the wastewater.  Oily water from other sources at
the facility, such as tank bottoms, can also be treated using an oil-water separator.  The end
products of this process generally include waste oils, oily sludge, and effluent discharges.  The
effluent discharges typically contain the same constituents as were present in the original
wastewater, but with lower concentrations of oil and grease and oil-soluble components. 
Note: Although an oil-water separator should be used, some ship scrapping facilities still
decant liquids as a means of separation.
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Is evaporation used for treatment?



If not chromated, some facilities pump ballast water into an onsite evaporation pit for treatment. 



4.5.2  Storing Wastes in Tanks



While various types of containers may be used to store oil and fuel removed from a ship,
facilities commonly use underground storage tanks (USTs) (40 CFR 280) or aboveground
storage tanks (ASTs) [40 CFR 112.7(e)(2)].  



Underground Storage Tanks.  An UST is a tank and any underground piping connected to
the tank that has at least ten percent of its combined volume underground.  To protect human
health and the environment
from dangerous releases,
USTs must have leak
detection and spill, overfill, and
corrosion protection.  Other
UST requirements address
notification, installation,
corrective action, financial
responsibility, and
recordkeeping.  



Tanks installed after 1988 need to comply with all UST requirements upon installation.  Tanks
installed before 1988 had until December 1998 to comply with spill, overfill, and corrosion
protection requirements, but these USTs should be in compliance with all requirements now.  



An Alternative to an Oil-Water Separator System. In addition to oil-water separation
systems, there are other types of wastewater treatment systems available for use.  For
instance, a microbial treatment system can be used to degrade oil and fuel contaminants in
bilge and ballast water.  One type of biological treatment system uses two tanks.  Wastewater
is pumped to the first tank where microbes are added to break down the petroleum
contamination.  The wastewater is pumped to a second tank where it is aerated to remove free
oil.  Chlorine tablets are added to kill the microbes, and the treated water can then be
discharged to a sanitary sewer.  This type of system can be placed near the dock area so that
the bilge and ballast water can be pumped directly from the ships.  If sized and operated
properly, a microbial treatment system can eliminate the oil and fuel contaminants in
wastewater, as well as other oily non-hazardous wastewater generated at the facility. 



A Basic Checklist for USTs. EPA has a  checklist that
can help your facility evaluate its USTs. Your facility can
use the checklist to see how closely it meets the federal
regulations for USTs (40 CFR 280). The checklist can also
help your facility prepare for official inspections of USTs. 
The checklist can be  accessed at http://www.epa.gov
/swerust1/ cmplastc/cheklist.htm. 
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Warning: Now that the December 22, 1998 deadline for all UST systems has
passed, owners and operators of facilities that continue to operate UST systems
not meeting the federal requirements for leak detection, and spill, overfill, and
corrosion protection are out of compliance.  Besides posing a threat to human
health and the environment, such operation can subject the owner/operator to
considerable fines. 



Some USTs are not covered by federal regulations (e.g., tanks storing heating oil used on
premises where it is stored; tanks on or above the floor of underground areas, such as
basements or tunnels; emergency spill and overflow fill tanks); however, such USTs may be
regulated by your state or local regulatory agency.  



For more information on USTs, visit EPA’s Office of Underground Storage Tanks website at
http://www.epa.gov/OUST/.  Check with the state and local regulatory agencies to find out if
there are additional or more stringent state and/or local UST requirements.



Aboveground Storage Tanks.  ASTs, depending on
their storage capacities, may be subject to federal
requirements under 40 CFR 112, as well as state and
local requirements.  State and local requirements
typically incorporate standards established by
organizations such as the National Fire Protection
Association (NFPA) and the American Petroleum
Institute. For more information about the NFPA requirements, call the NFPA at 617-770-
3000 or access their website at http://www.nfpa.org. 



Construction, design, and operation requirements for ASTs are typically governed by state and
local fire marshals or environmental officers.  In addition to consulting with your fire marshal,
your facility should also check with your state regulatory agency for information on additional
AST requirements.  



Has the state UST program office been notified of any USTs on site?



If your facility has onsite regulated UST systems, it is required to submit a notification form to
the state UST program office.  This form includes certification of compliance with federal
requirements for installation, cathodic protection, release detection, and financial responsibility
for UST systems installed after December 22, 1988.  For more information on how to obtain
and complete the form, call EPA’s RCRA/UST, Superfund, and Emergency Planning and
Community Right-to-Know Act (EPCRA) Hotline at 1-800-424-9346.



Note: USTs that store flammable
and combustible liquids must also
meet NFPA provisions for tank
storage and piping systems. 
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An inspector may check with the state UST program office to verify
that the number of USTs match the number reported on the
notification form(s) to the state. 



Is leak detection conducted for tanks and piping?



Facilities with federally regulated UST
systems must conduct leak detection. 
The monthly monitoring methods that
may be used to conduct leak
detection of tanks include the
following:



• Automatic tank gauging         
• Monitoring for vapors in soil   
• Interstitial monitoring
• Groundwater monitoring
• Statistical inventory reconciliation
• Other methods approved by the regulatory authority.



In addition, any pressurized piping must have: (1) monthly monitoring (as described above) or
annual line testing, and (2) an automatic flow restrictor, an automatic shutoff device, or a
continuous alarm system installed.  Check with your state UST program office to determine
which leak detection methods are acceptable in your state.



Do USTs meet requirements for spill, overfill, and corrosion protection?



Your facility must operate USTs to ensure that spills, overflows, and corrosion do not cause
releases into the environment.  As of December 22, 1998, your facility was required to meet
the federal requirements for spill, overfill, and corrosion protection for all of its UST systems
see 40 CFR 280. 



Are ASTs inspected on a periodic basis to verify tank integrity?



ASTs must be inspected periodically for tank integrity [40 CFR 112.7(e)(2)(vi)].  Several
techniques are available to test tank integrity such as:



Note: Facilities with USTs may use inventory
control and tank tightness testing instead of one of
the monthly monitoring methods for a maximum of
10 years after the tank is installed or upgraded with
corrosion protection (40 CFR 280.41).
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• X-ray or radiographic analysis to measure wall thickness and detect cracks and
crevices in metal



• Ultrasonic analysis to measure shell metal thickness
• Hydrostatic testing to identify leaks caused by pressure



• Visual inspection to detect cracks, leaks, or holes



• Magnetic flux eddy current test used in conjunction with ultrasonic analysis to detect
pitting.



Your facility should check the outside of the tank for signs of deterioration, leaks that might
cause a spill, and accumulated oil inside the diked areas.  AST tank bottoms may be subject to
extensive corrosion, which may go undetected during visual inspections.  A tank also may fail
due to surface corrosion.  Pitting creates a high potential for AST failure. Holes may form in
rusty tanks causing the tank to leak.  Your facility can prevent corrosion by taking measures
appropriate for the type of tank installation and foundation (e.g., dielectric coatings, carefully
engineered cathodic protection, and double-bottom tanks).



Your facility should also examine the foundation and supports of each tank.  If a tank sits on a
foundation, check for large gaps between the foundation and the tank bottom and for crumbling
or excessive cracking in a concrete foundation.  Assess whether a storage tank foundation
provides adequate support for the tank.  If the tank sits directly on the ground, check for large
gaps between the ground surface and the tank bottom.



All leaks should be documented and repaired immediately.



Using secondary containment to prevent oil discharges



For ASTs, your facility is required to install appropriate containment and diversionary structures
or equipment, such as dikes, berms, and retaining walls (40 CFR 112.7), to prevent discharges
of oil from reaching navigable water, unless it can be clearly demonstrated that installation of
such structures or equipment is not practicable.  Impracticability pertains primarily to those
cases where severe space limitations or other physical constraints may preclude installation of
structures or equipment to prevent oil from reaching navigable water.  Demonstrating
impracticability on the basis of economic considerations is not acceptable.
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An inspector may verify that there are appropriate containment
and diversionary structures or equipment at the facility for all
ASTs.



4.5.3 Managing Oil/Oily Wastes as Used Oil 



Used oil is managed according to the Used Oil Management Standards (40 CFR 279).  As a
facility that handles used oil, your facility must follow certain good housekeeping practices. 
These management standards are common sense, good business practices designed to ensure
the safe handling of used oil to maximize recycling and minimize disposal.  Note: Some states
may have stricter disposal requirements. Contact your state regulatory agency to determine the
used oil disposal requirements. 



As noted earlier, EPA defines used oil as “any oil that has been refined from crude oil or any
synthetic oil that has been used and as a result of such use is contaminated by physical or
chemical impurities.”  A substance must meet each of the following three criteria to meet the
definition of used oil: 



• Origin.  This criterion is focused on the oil’s origin. Used oil must have been refined
from crude oil or made from synthetic materials.  Animal and vegetable oils are
excluded from EPA’s definition of used oil. 



• Use.  This criterion is based on whether and how the oil is used.  Oils used as
lubricants, hydraulic fluids, heat transfer fluids, buoyants, and for other similar purposes
are considered used oil.  Unused oils, such as bottom clean-out waste from virgin fuel
oil storage tanks or virgin fuel oil recovered from a spill, do not meet EPA’s definition
of used oil because they have never been “used.” EPA’s definition also excludes
products used as cleaning agents or used solely for their solvent properties, as well as
certain petroleum-derived products like antifreeze and kerosene.



• Contaminants.  To meet EPA’s definition, used oil must be contaminated with either
physical or chemical impurities as a result of being used.  This includes residues and
contaminants generated from handling, storing, and processing used oil.  Physical
contaminants may include metal shavings, sawdust, or dirt.  Chemical contaminants
could include solvents, halogenated volatile organics (i.e., halogens), or saltwater.



Used oil and substances containing or covered with used oil are regulated according to the
Used Oil Management Standards if they meet certain conditions. Otherwise, they are subject to
being managed according to other regulations [40 CFR 279.10(b)]. 
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The following are regulated as used oil:



• Used oil produced on a ship from normal shipboard operations is subject to regulation
as a used oil when it is transported ashore. 



• A mixture of used oil and a waste that is hazardous solely because it exhibits the
characteristic of ignitability if the resultant mixture does not exhibit the characteristic of
ignitability.



• Except as described in the bullet above, a mixture of used oil and a hazardous waste
that solely exhibits one or more of the hazardous waste characteristics (e.g., ignitability,
corrosivity, reactivity, or toxicity) if the resultant mixture does not exhibit any of the
hazardous waste characteristics. 



• Materials which contain or are otherwise contaminated with used oil that are recycled
(e.g., burned for energy recovery).  This includes the used oil drained or removed from
these materials.



The following are not regulated as used oil:



• Oils and oily wastes that do not meet the definition of used oil. 



• A mixture of used oil and a hazardous waste that exhibits one or more of the hazardous
waste characteristics (e.g., ignitability, corrosivity, reactivity, or toxicity) if the resultant
mixture exhibits any hazardous waste characteristics. This mixture must be regulated as
a hazardous waste. 



• A mixture of used oil and a listed hazardous waste. This includes used oil mixtures
containing more than 1,000 ppm total halogens. (EPA presumes that the used oil has
been mixed with a listed halogenated hazardous waste.) This mixture must be regulated
as a hazardous waste. 



• Materials which contain or are otherwise contaminated with used oil if the used oil has
been properly drained or removed (i.e., there are no visible signs of free-flowing oil
remaining on or in the materials) from them.  These materials are then not defined as
used oil and therefore, are not regulated as used oil. 



Preventing the mixing of used oil with hazardous waste
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Note: If oil contains >50 ppm
of PCBs, then the PCB
labeling procedures apply to
any container storing such oil
(see Section 3).  



Hazardous waste fluids, such as
used solvent, gasoline, or other
hazardous substances, should not
be mixed with used oil, or the
entire volume may be classified as
hazardous waste.  Basically, the
following mixing rules apply:



• A mixture of used oil and a waste that is hazardous solely because it exhibits the
characteristic of ignitability must be managed as a hazardous waste if the resultant
mixture exhibits the characteristic of ignitability.



• A mixture of used oil and a hazardous waste that exhibits one or more of the hazardous
waste characteristics (e.g., ignitability, corrosivity, reactivity, or toxicity) must be
regulated as a hazardous waste if the resultant mixture exhibits any hazardous waste
characteristics. 



• A mixture of used oil and a listed hazardous waste must be regulated as a hazardous
waste.  This includes used oil mixtures containing more than 1,000 ppm total halogens.
(EPA presumes that the used oil has been mixed with a listed halogenated hazardous
waste.)



The safest practice is never to mix any other waste with used oil.  However, if you have
questions about which specific products may be mixed with used oil, call the RCRA/UST,
Superfund, and EPCRA Hotline  at 1-800-424-9346.



Are containers/tanks leak free and labeled “used oil”?



Your facility can store used oil in containers (e.g., 55-
gallon steel drum) or tanks (e.g., underground or
aboveground storage tanks). These containers and tanks
must be leak free and labeled with the words “Used Oil.” 
Some facilities have pipes that connect to a used oil
storage tank.  In this case, the piping should also be
labeled with the words "Used Oil.” No special labels are
necessary, provided that the words “used oil” are visible at all times.  Spray painting, crayon, or
handwritten (preferably not in pencil) labels are okay.  



Tip: Avoid mixing used oil and hazardous waste.
If used oil is mixed with hazardous waste, the entire
volume will probably have to be managed as
hazardous waste.  The safest practice is to never mix
any other wastes with used oil.
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An inspector may inspect all oil storage containers or tanks to
verify that they are labeled properly and there is no evidence of
leaks or discharges of oil.



Are used oil and fuel recycled or sent to a reclaimer?



Recycling is the most environmentally protective and often the most economical approach to
handling used oil.  Your facility most likely sends used oil and fuel to a recycling center or
reclaimer. The used oil management standards (40 CFR 279) include a recycling presumption,
that is, an assumption that all used oil that is generated will be recycled.  This is based on the
fact that almost all used oil can be recycled.  Facilities should maintain all records on their used
oil storage and recycling activities. 



Your facility has two options for
transporting used oil: (1) using a
transporter or (2) self-transporting. 
Your facility must ensure that your used
oil is transported to an approved 
recycling center by transporters who
have obtained EPA identification
numbers.  If self-transporting more than 55 gallons of used oil offsite to an approved recycling
center, your facility is required to (1) have an EPA identification number and (2) be licensed as
a used oil transporter.



Another method of recycling used oil is burning
for energy recovery. Your facility may burn the
used oil in an onsite heater which is used to heat
parts of the facility or heat hot water, or it either
has a transporter or takes its own oil to an
approved used oil burner.  Used oil burned offsite may be used as fuel in industrial furnaces,
utility boilers, or hazardous waste incinerators. 



Note: Though not the environmentally preferred method, nonhazardous sludge may be disposed
of in a solid waste landfill, which is also known as a municipal landfill (40 CFR 258), if it is not
sent to a recycling center. Your facility should contact its municipal solid waste landfill for more
information on industrial sludge disposal requirements.  



Tip: Check your transporter’s qualifications to
make sure they take your used oil to a reputable
recycling center.  Measure the level of oil in your
tank before and after the transporter collects it to
be certain the oil collected matches the amount
the transporter has reported.



Used oil should never be disposed of in
sewers, drains, dumpsters, on the
ground, or used as dust suppressants.
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An inspector may track the shipments from your facility through the
reclaimers to verify that the shipments of fuel and oil do not
contain spent solvent or other hazardous waste liquids.



4.5.4  Managing Oil/Oily Wastes as Hazardous Waste



Are oil/oily wastes hazardous?



Oil and oily wastes from wastewater treatment or other sources may contain substances in
concentrations which make them hazardous.  If hazardous, they must be managed and disposed
of according to the RCRA hazardous waste regulations (40 CFR 261-270).



If your facility has determined that these oil/oily wastes are not classified as used oil, then it must
test them to determine pollutant concentrations and evaluate if they are hazardous.  Tests may
be conducted for various contaminants, including but not limited to: metals, such as lead,
arsenic, chromium, and cadmium; polychlorinated biphenyls (PCBs); total halogenated volatile
organics; and the flash point. 



To be considered “hazardous waste,” materials must first meet EPA’s definition of “solid
waste.”  Solid waste is discarded material, such as garbage, refuse, and sludge, and it can
include solids, semisolids, liquids, or contained gaseous materials.  Solid wastes that meet the
following criteria are considered hazardous and subject to RCRA regulations 40 CFR 261:



• Listed waste.  Waste is considered hazardous if it appears on one of four lists of
hazardous wastes published in 40 CFR 261 Subpart D.  Currently, more than 400
wastes are listed.  Wastes are listed as hazardous because they are known to be
harmful to human health and the environment when not properly managed. Even when
properly managed, some listed wastes are so dangerous that they are called “acutely
hazardous wastes.” Examples of acutely hazardous wastes include wastes generated
from some pesticides that can be fatal to humans even in low doses.  



• Characteristic waste.  If waste does not appear on one of the hazardous waste lists, it
still might be considered hazardous if it demonstrates one or more of the following
characteristics:



S Ignitable:  Ignitable wastes can create fire under certain conditions (e.g.,
temperature, pressure) or are spontaneously combustible (40 CFR 261.21). 
Examples include certain used paints, degreasers, oils and solvents.
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S Corrosive:  Corrosive wastes are acids or bases that are capable of corroding
metal, such as storage tanks, containers, drums, and barrels (40 CFR 261.22). 
Examples include rust removers, acid or alkaline cleaning fluids, and battery
acid.



S Reactive:  Reactive wastes are unstable and explode or produce toxic fumes,
gases, and vapors when mixed with water (40 CFR 261.23).  Examples
include lithium-sulfide batteries and explosives.



S Toxic:  Toxic wastes are harmful or fatal when ingested or absorbed, or leach
toxic chemicals into the soil or groundwater when disposed of on land (40 CFR
261.24).   Examples include wastes that contain high concentrations of heavy
metals, such as cadmium, lead, or mercury.  



During an inspection, the inspector may ask the facility if it has
tested the oil and oily wastes to determine their pollutant
concentrations and if they are hazardous. He/she may ask to review
the test results.



If your facility generates hazardous waste, what is your generator category?



Determining your generator category. Your facility’s hazardous waste generator category is
determined by the amount of hazardous waste that it generates each month (40 CFR 261). 
There are three federal categories of hazardous waste generators:



• Conditionally exempt small quantity generator (CESQG). CESQGs generate
#220 pounds (100 kg) of hazardous waste per month or #220 pounds of spill cleanup
debris containing hazardous waste per month. CESQGs have no maximum on-site time



Determining toxicity: A facility can determine if its waste is toxic by having it tested
using the Toxicity Characteristic Leaching Procedure (TCLP), or by process
knowledge.  TCLP can be done at a local certified laboratory.  It is designed to
replicate the leaching process and other effects that occur when wastes are buried in
a typical municipal landfill.  If the waste contains any of the regulated contaminants at
concentrations equal to or greater than the regulatory levels, then the waste exhibits
the toxicity characteristic. Process knowledge is detailed information on wastes
obtained from existing published or documented waste analysis data or studies
conducted on hazardous wastes generated by similar processes. For example, EPA’s
lists of hazardous  wastes in 40 CFR 261 (as discussed above) can be used as
process knowledge.  
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Rough Guide
• 27 gallons (about half of a 55-gallon drum) of



waste with a density similar to water weighs
about 220 pounds (100 kg).



• 270 gallons of waste with a density similar to
water weighs about 2,200 lbs (1,000 kg).



limits for storage, but cannot accumulate more than 2,200 lbs. (1,000 kg) of
hazardous waste onsite.  If a CESQG accumulates more than this amount, it becomes
an SQG or LQG.  



• Small quantity generator (SQG). SQGs generate >220 pounds (100 kg) and
<2,200 pounds (1,000 kg) of hazardous waste per month or  >220 pounds and
<2,200 pounds of spill cleanup debris containing hazardous waste per month. SQGs
may accumulate no more than 6,000 kg of hazardous waste in storage, which may be
stored on site for no more than 180 days (or no more than 270 days if the
treatment/disposal facility is more than 200 miles away).  If an SQG accumulates more
than the specified amount, it becomes an LQG.  



• Large quantity generator (LQG). LQGs generate $2,200 pounds (1,000 kg) of
hazardous waste per month or $2,200 pounds of spill cleanup debris containing
hazardous waste per month. LQGs may accumulate any amount of hazardous waste for
no more than 90 days.



Note: Facilities that generate 2.2 pounds or less of acutely hazardous wastes per month
are classified as CESQGs, whereas facilities that generate more than 2.2 pounds of
acutely hazardous wastes per month are classified as LQGs. 



Adding waste quantities. To determine which category applies to your facility, your facility
must count all quantities of listed and characteristic hazardous wastes.  These include wastes
that are: (1) generated and collected at your facility prior to treatment or disposal; and (2)
packaged and transported offsite.



Many hazardous wastes are liquids
and are measured in gallons, not
pounds.  To approximate the number
of pounds of liquid your facility has,
multiply the number of gallons by 8.3
(because a gallon of water weighs 8.3
pounds and many liquids have a
density similar to water). 



When adding up all the hazardous wastes generated, keep in mind that your facility does NOT
have to count the following:
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• Wastes that are left on the bottom of containers that have been emptied by conventional
means (i.e., pouring or pumping) and where no more than 2.5 cm (1 inch) of residue
remains in the bottom of the container or no more than 3 percent by weight of the total
capacity of the container remains in the container if the container is less than or equal to
110 gallons in size. 



• Residues in the bottom of storage tanks, if the residue is not removed (i.e., residues left
in the bottom of the storage container are not counted as long as they are not removed
when the tank is refilled).



• Wastes that are reclaimed continuously on site without storing the waste prior to
reclamation.



  
• Wastes that have already counted once during the calendar month, and treated onsite



or reclaimed in some manner and used again.



C Wastes that are directly discharged to a municipal treatment plant or POTW without
being stored or accumulated first.



C Waste oil that meets the criteria for used oil and is to be managed and handled as used
oil [40 CFR 279].



C Scrap metal that is recycled [40 CFR 261.6(a)(3)].



If your facility is a CESQG, does it meet all applicable requirements?



As a CESQG, your facility’s requirements are quite simple.  There are three basic hazardous
waste management requirements that apply to CESQGs:



• Identify all hazardous and acutely hazardous wastes [40 CFR 262.11].  For help in
identifying hazardous wastes, call EPA or your state regulatory agency; a consultant; a
licensed transporter; or the RCRA/UST, Superfund and EPCRA hotline at 703-412-
9810 or 1-800-424-9346.



An inspector may review your facility’s waste
determinations and any analytical data.



• Do not generate more than 220 lbs. (or 100 kg) per month of hazardous waste or more
than 2.2 lbs. (1 kg) per month of acutely hazardous waste (this includes any wastes











A Guide for Ship Scrappers:
Tips for Regulatory Compliance 4-32 Bilge and Ballast Water Removal



your facility has shipped off site for disposal during that month); and never store more
than 2,200 lbs. (1,000 kg) of hazardous waste or 2.2 lbs. of acutely hazardous waste
for any period of time [40 CFR 261 and 262].  



An inspector may evaluate the total volume of waste on site
at the time of the inspection and verify that it is within the
limits for your facility’s generator category. 



• Ensure proper disposal of your hazardous waste.  For CESQGs, proper treatment and
disposal of hazardous wastes are fairly simple.  It involves ensuring that the waste is
shipped to one of the following facilities:



– A state or federally regulated hazardous waste management treatment, storage,
or disposal facility (if your facility’s waste is hazardous).



– A facility permitted, licensed, or registered by a state to manage municipal or
industrial solid waste.



– A facility that uses, reuses or legitimately recycles the waste (or treats the waste
prior to use, reuse, or recycling).



Self-transporting hazardous waste.  CESQGs are allowed to transport their own
wastes to the treatment or storage facility, unlike SQGs and LQGs which are required
to use a licensed, certified transporter.  While there are no specific RCRA requirements
for CESQGs who transport their own wastes, Department of Transportation (DOT)
requires all transporters of hazardous waste to comply with all applicable DOT
regulations.  Specifically, DOT regulations require all transporters, including CESQGs,
transporting hazardous waste that qualifies as DOT hazardous material to comply with
EPA hazardous waste transporter requirements see 40 CFR 263. 



• As a CESQG, your facility is
not required by federal laws to
train its employees on hazardous
waste handling or emergency
preparedness, however, it is
strongly advised. 



Your facility must comply with the above requirements to retain its CESQG status, and remain
exempt from the more stringent hazardous waste regulations that apply to SQGs and LQGs. 



Keep in mind that employees responding to
releases of hazardous substances and
hazardous waste are required to be trained under
OSHA’s Hazardous Waste Operations and
Emergency Response (HAZWOPER)
requirements see 29 CFR 1910.120.
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Though not required, it is recommended that your facility follow the waste storage and handling
requirements for SQGs to minimize the possibility of any leaks, spills, or other releases that
potentially could cause economic hardship to your facility.  States may have more stringent
and/or different requirements, so contact your state hazardous waste agency for these
requirements.



If your facility is an SQG or LQG, does it meet all applicable requirements? 



If your facility determines, based on the amount of waste generated, that it is an SQG or LQG,
it must comply with a variety of requirements covering the storage and handling, treatment, and
disposal of the hazardous waste, from generation to final disposal.  These requirements include:



• Waste identification. As a generator, your facility must determine whether wastes are
hazardous using the hazardous waste identification process [40 CFR 261].  For
assistance, call EPA or your state regulatory agency; a consultant; a licensed
transporter; or the RCRA/UST, Superfund and EPCRA hotline at 703-412-9810 or
1-800-424-9346.



An inspector may review your facility’s waste determinations
and any analytical data.



• EPA identification number.  An EPA hazardous waste generator identification
number must be entered on all hazardous waste manifests [40 CFR 262.12]. For
assistance in obtaining a hazardous waste generator identification number (EPA form
8700-12 “Notification of Hazardous Waste Activity”), your facility may contact EPA
or the state regulatory agency. 



• Accumulation and storage limits. Onsite accumulation (storage) limits are based on
the total weight of hazardous waste that can be accumulated at any time at your facility
before it must be shipped offsite [40 CFR 262.34]. 



An inspector may evaluate the total volume of waste on site
at the time of the inspection and verify that it is within the
limits for your facility’s generator category (e.g., SQG or
LQG). 



• Container management. Your facility can store hazardous waste in 55-gallon drums,
tanks, or other suitable containers, and it must comply with rules intended to protect
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human health and the environment and reduce the likelihood of damages or injuries
caused by leaks or spills [40 CFR 265].  



An inspector may look at all hazardous waste on site noting
the size and type of containers, their condition, and whether
they are closed and protected from the weather. He/she may
check the labels on the containers for the words “hazardous
waste,” and verify that the dates information is complete on
the label.  The inspector may also check the containment for
cracks or leaks.



• Personnel training. Proper waste
handling can save your facility money in
waste treatment and disposal and in lost
time due to employee illness or accidents. 
Your facility must train its employees on
the procedures for properly handling
hazardous waste, as well as on
emergency procedures [40 CFR
262.34(a)].  For LQGs, the training must
be formalized and be completed by
employees within six months of accepting a job involving the handling of hazardous
waste, and your facility is required to provide annual review of the initial training.  



An inspector may check personnel records, including job
titles, to determine when hazardous waste duties were
assigned and if proper training was provided by your
facility.



• Contingency planning, emergency procedures, and accident prevention. If an
LQG, your facility is required to have a written contingency plan.  If an SQG, your
facility must have basic contingency procedures in place.  Although a written
contingency plan is not federally required for SQGs or CESQGs, it is strongly
recommended.  It is also important to check with your state and local authorities for any
additional contingency plan or emergency preparedness requirements [40 CFR 262]. 



An inspector may review your facility’s contingency plan or
basic contingency procedures, and ask about any incidents
requiring implementation of the plan or procedures.



Keep in mind that employees
responding to releases of hazardous
substances and hazardous waste are
required to be trained under OSHA’s
Hazardous Waste Operations and
Emergency Response (HAZWOPER)
requirements see 29 CFR 1910.120, in
addition to EPA’s hazardous waste
management training.
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• Hazardous waste shipment labeling and placarding. When your facility prepares
hazardous wastes for shipment, it must put the wastes in properly labeled containers
that are appropriate for transportation according to the DOT regulations (40 CFR
262). 



 
• Reporting and recordkeeping requirements. Your facility is required to meet



various reporting and recordkeeping requirements as part of your hazardous waste
management activities.  Reports include the following:  



 
S Manifest form.  The Uniform Hazardous Waste Manifest Form (EPA Form



8700-22) is a multi-copy shipping document that reports the contents of your
shipment, the transport company used, and the treatment/disposal facility
receiving the wastes (40 CFR 262.20).  Your facility (i.e., the hazardous waste
generator), the transporter, and the treatment/disposal facility must each sign
this document and keep a copy. Your facility must keep the copy of the
manifest signed by all three parties on file for three years.  



S Exception report.  Exception reports document a missing return copy of the
hazardous waste manifest.  Your facility must maintain copies of exception
reports for three years.



S Biennial report.  If an LQG, your facility must submit a biennial report (EPA
8700-13A) on March 1 of each even-numbered year to the appropriate EPA
or state regulatory agency (40 CFR 262.41).  Some states impose this
requirement on SQGs.  Your facility can obtain biennial report applications and
instructions from EPA or its state regulatory agency.



S Land disposal restriction notification.  Land disposal restrictions (LDRs)
are regulations prohibiting the disposal of hazardous waste on land without prior
treatment of the waste (40 CFR 268).  Your facility is required to provide a
one-time notification about your wastes to the treatment or disposal facility
with the first shipment of waste offsite, and keep a copy in your files.   



In addition to these reports, your facility is required by EPA to keep certain records on
file to show that good housekeeping practices and monitoring are being performed. 
EPA requires that records be kept on file at your facility for three years (40 CFR
262.40). These records include:
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S Laboratory analyses and waste profile sheets for determining whether wastes
generated by your facility are hazardous.



S Copies of all hazardous waste manifests, land disposal restriction notification,
and exception reports.



S Copies of all Notification of Hazardous Activity forms submitted to and
received from the state or EPA.



S For LQGs only, copies of: (1) all personnel training plans and documentation
that indicate employees have completed the required training; (2) the facility’s
contingency plan; and (3) the facility’s biennial report.



An inspector will most likely review all records, including but
not limited to annual or biennial reports and manifests.



4.6 OIL SPILL PREVENTION, RESPONSE, AND RECOVERY



Some of the most important activities during ship scrapping are: (1) preventing oil discharges,
(2) being prepared to respond to spills, and (3) knowing how to respond to spills and recover
spilled materials.  EPA issued the Oil Pollution Prevention regulation (40 CFR 112) to prevent
oil spills from reaching navigable waters of the United States or adjoining shorelines and to
prepare facility personnel in responding to oil spills.  The regulation has two sets of
requirements — the Spill Prevention Control and Countermeasures (SPCC) plan rule (an oil
spill prevention program) and the Facility Response Plan (FRP) rule (an oil spill response
program).  Your facility may be subject to this regulation if it, among other things, produces,
gathers, stores, transfers, or consumes oil.



4.6.1 Spill Prevention Planning



Does your facility have an SPCC plan?



The intent of an SPCC plan is to prevent the discharge of oil from non-transportation-related
fixed facilities (40 CFR 112).  Your facility may be required to prepare and implement an
SPCC plan if:
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Storage Capacity: Remember,
the requirements apply specifically
to your storage capacity,
regardless of whether the tanks
are completely filled.



• Due to its location, it could reasonably be expected to discharge oil into or upon the
navigable waters of the United Stated or adjoining shorelines, AND



• It meets one of the following criteria regarding oil storage:



S An aboveground storage capacity of
more than 660 gallons in a single
container.



S A total aboveground storage capacity
of more than 1,320 gallons.



S A total underground storage capacity
of more than 42,000 gallons.  



If subject to the SPCC requirements based on the above description, your facility is required to
prepare an SPCC plan and follow the other provisions of the SPCC rule 40 CFR 112.3
through 112.7.



Does the SPCC plan include all the required information?



Your facility’s SPCC plan must be unique to your facility, but also must have certain elements
common to all plans (40 CFR 112.7).  Specifically, the SPCC plan must:



• Be certified by a registered professional engineer (PE)
• Be kept on site
• Have full management approval
• Conform with all SPCC requirements in 40 CFR 112.7
• Discuss spill history
• Discuss spill prediction
• Be reviewed every three years
• Be amended when a change is made at the facility and recertified by a PE 
• Include secondary containment or contingency plans
• Specify spill reporting



Tip: A sample SSPCC plan can be viewed at
http://www.epa.gov/oilspill/sspcc/sampln.pdf.
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An inspector may review the facility’s SPCC plan to ensure that it
is certified by a registered professional engineer and that it is up-
to-date.



4.6.2 Spill Response Planning



If subject to the SPCC requirements, your facility is required to conduct an initial screening to
determine whether it is also required to develop a facility response plan (FRP).  Under the FRP
requirements, owners and operators of facilities that could cause “substantial harm” to the
environment by discharging oil into navigable water bodies or adjoining shorelines must prepare
FRPs for responding, to the maximum extent practicable, to the worst case discharge and to a
substantial threat of such a discharge of oil [40 CFR 112.20 and 112.21, including Appendices
A through F].  Facilities subject to the FRP requirements are referred to either as substantial
harm facilities or significant and substantial harm facilities.  



Substantial Harm Facilities



If your facility is determined to be a substantial harm facility, it must prepare an FRP which is
submitted to EPA for review. Your facility may be identified as posing a risk of substantial
harm by one of two ways:



• Either through a self-determination process (EPA has established criteria located in 40
CFR 112.20 to assist facilities in making the determination - see below),



• Or by a determination of the EPA Regional Administrator (RA).



Self-Determination. Your facility has the potential to cause substantial harm if:



C Either the facility transfers oil over water to or from vessels and has a total oil storage
capacity, including both ASTs and USTs, greater than or equal to 42,000 gallons; 



C Or the facility’s total oil storage capacity, including both ASTs and USTs, is greater
than or equal to one million gallons and one of the following is true :



S The facility does not have secondary containment for each aboveground
storage area sufficient to contain the capacity of the largest AST within each
storage area plus freeboard to allow for precipitation;
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S The facility is located at a distance such that a discharge could cause injury to
fish and wildlife and sensitive environments;



S The facility is located at a distance such that a discharge would shut down a
public drinking water intake; or



S The facility has had a reportable spill greater than or equal to 10,000 gallons
within the last five years [40 CFR 112.20 (f)(1)]. 



EPA Determination. If a self-determination is not made, EPA’s RA may determine whether
your facility may cause substantial harm.  EPA’s RA may consider factors similar to the self-
selection criteria, as well as other factors, including the type of transfer operations at a facility,
the facility's oil storage capacity, lack of secondary containment, proximity to environmentally
sensitive areas or drinking water intakes, and/or the facility's spill history.  The EPA RA will
notify your facility if EPA has determined that your facility poses a threat of substantial harm. 



Significant and Substantial Harm Facilities 



EPA is also required to identify a subset of substantial harm facilities that could cause
significant and substantial harm to the environment upon a release of oil.   In addition to the
criteria used to determine substantial harm, EPA bases its determination of significant and
substantial harm on other factors such as the age of tanks, proximity to navigable water, and
spill frequency.  Facilities are notified by EPA in writing of their status as posing significant and
substantial harm.  If your facility is notified by EPA, it must submit an FRP to EPA for review
and approval.  The RA will review the FRP and may inspect your facility for viability and
compliance with the regulations before EPA approves the plan.



If Your Facility Does Not Meet the Criteria



If your facility does not meet the “substantial harm” criteria, it does not have to prepare and
submit an FRP.  However, your facility must document this determination by completing the
“Certification of the Applicability of the Substantial Harm Criteria Checklist,” provided as 40
CFR 112, Appendix C, Attachment C-II [40 CFR 112.20(e)].  This certification should be
maintained with the facility’s SPCC plan.  
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The NCP, also called the National Oil and Hazardous
Substances Pollution Contingency Plan, is the federal
plan for responding to both oil spills and hazardous
substance releases.  See http://www.epa.gov/oilspill/ncp
for more information.



Does your facility have a facility response plan (FRP)?  



If it has been determined, either through the self-selection process or by notification from the
EPA RA, that your facility poses a threat of “substantial harm” to the environment, your facility
must prepare and submit an FRP to the appropriate EPA regional office.  FRPs must:



C Be consistent with the
National Contingency
Plan (NCP) and the
Area Contingency Plans.



C Identify a qualified
individual having full
authority to implement removal actions, and require immediate communication between
that person and the appropriate federal authorities and responders.



C Identify and ensure availability of resources to remove, to the maximum extent
practicable, a worst-case discharge.



C Describe training, testing, unannounced drills, and response actions of persons at the
facility.



C Be updated periodically.



C Be submitted for approval with each significant change.



To assist your facility in preparing an FRP, EPA has prepared and included a “model facility
response plan” see 40 CFR 112.2, Appendix F. The following is a list of key FRP elements:



• Emergency response action plan. This should be maintained as an easily accessible,
stand-alone section of the overall plan.



• Facility name, type, location, owner, and operator information.



• Emergency notification, equipment, personnel, and evacuation information.



• Identification and evaluation of potential spill hazards and previous spills.











1 The initial statutory deadline for “substantial harm facilities” either to submit FRPS or to stop handling,
storing or transporting oil was February 18, 1993.  EPA’s regulatory deadline for “substantial harm facilities”
and “significant and substantial harm facilities” to submit FRPs or stop handling, storing or transporting oil
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• Identification of small, medium, and worst case discharge scenarios and response
actions.



• Description of discharge detection procedures and equipment.



• Detailed implementation plan for containment and disposal.



• Facility and response self-inspection; training; exercises; and drills; and meeting logs.



• Diagrams of facility and surrounding layout, topography, and evacuation paths.



• Security measures including fences, lighting alarms, guards, emergency cutoff valves,
and locks.



An inspector may evaluate FRP measures for their ability to
facilitate adequate response to a worst-case discharge of oil.



Was an existing response plan used or modified?



EPA recognizes that many facilities may
have existing response plans prepared to
meet other requirements.  Your facility
does not need to prepare a separate FRP
provided that your facility’s original
response plan: 



• Satisfies the appropriate
requirements and is equally as
stringent;



• Includes all elements described in the model plan;
• Is cross-referenced appropriately; and
• Contains an action plan for use during a discharge. 



Was the FRP prepared and submitted by the deadline?1



Avoid Recreating the Wheel: EPA also
recognizes that many facilities have
established SSPCC plans.  Although response
plans and prevention plans are different, and
should be maintained separately, some
sections of the plans may be the same.  Under
OPA regulations, your facility is allowed to
reproduce or use those sections of the SSPCC
plan in your FRP.











was August 30, 1994, the effective date of the FRP rule.
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The time that your facility has to prepare and submit a FRP will vary depending on several
factors, including the following:



• Notification from EPA Regional Administrator:  If EPA notifies your facility that it
is required to submit an FRP, then your facility must prepare and submit a plan within
six (6) months.



• Newly Constructed Facilities: If your facility is newly constructed, it is required to
submit the FRP prior to the start of operations. After sixty (60) days, your facility must
make adjustments to the FRP to reflect changes that occur during the startup phase and
resubmit the FRP.



• Planned Facility Changes: If your facility undergoes a planned change in design,
construction, operation, or maintenance that places it in the designation of a substantial
harm facility, then it must submit an FRP prior to the start of operations of the portion of
the facility undergoing the changes.



• Unplanned Facility Changes: If your facility falls under the substantial harm facility
designation because of an unplanned event or change in characteristics, then it must
submit an FRP within six (6) months of
the unplanned event.



Is the FRP maintained and updated?



Your facility must periodically review your FRP
to ensure consistency with the National Oil and
Hazardous Substances Pollution Contingency
Plan (NCP) and Area Contingency Plans
(ACPs), and update it as appropriate [40 CFR
112.20(g)]. Consequently, if your facility is
required to prepare a FRP, it must review
relevant portions of the NCP and the applicable
ACPs annually and update its FRP as



Area Contingency Plans (ACPs)
include detailed information about
resources (e.g., equipment and trained
response personnel) available from the
government agencies in the area.  They
also describe the roles and
responsibilities of each responding
agency during a spill incident.  Your
facility can order copies of ACPs from
the National Technical Information
Service (NTIS) by calling 1-800-553-
6847.  To obtain the NTIS ordering
number for your area’s ACP, first call
the RCRA/UST, Superfund and EPCRA
Hotline at 1-800-424-9346 or 703-412-
9810.
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PREP: The PREP guidelines booklet (USCG-
X0191) and the Training Reference for Oil Spill
Response (USCG-X0188) are available by mail
or fax:



TASC Department Warehouse
3341Q 75th Avenue
Landover, MD 20785
FAX: (301) 386-5394



When requesting copies, please indicate the
document name(s) and publication number(s).



appropriate. Your facility must submit revised portions of the FRP within 60 days of each
facility change that may materially affect (1) the response to a worst case discharge or (2) the
implementation of the response plan.



Are appropriate FRP records maintained? 



FRP requirements not applicable: If your facility determines that the response planning
requirements do not apply, then it must certify and maintain a record of this determination using
40 CFR 112, Appendix C, Attachment C-II.  



FRP requirements applicable: If your facility is subject to the response planning
requirements, it is required to maintain the FRP at the facility.  Your facility is also required to
maintain updates to the plan to reflect material changes to the facility and to log activities such
as discharge prevention meetings, response training drills, and exercises. Your facility must
keep the records of these activities for a period of five years.



Are training and response drill requirements met? 



All facilities (i.e., “substantial harm” and “significant and substantial harm” facilities) subject to
facility response planning requirements must address training and response drills (40 CFR
112.21).  FRPs must include (1) information about self-inspection drills, exercises, and
response training, including descriptions and logs of training and drill or exercise program; and
(2) documentation of tank inspections, equipment inspections, response training meetings,
response training sessions, and drills and exercises [40 CFR 112.20(h)(8)].  Consequently,
FRPs may be revised based on evaluations of the drills and exercises.



Oil spill response training is an important element in EPA’s oil spill prevention and preparedness
efforts.  Because operator error is often the cause of an oil spill, training and briefings are
critical for prevention of a spill as well as response to a spill.  Training encourages up-to-date
planning for the control of, and response
to, an oil spill and also helps to sharpen
operating and response skills, introduces
the latest ideas and techniques, and
promotes interaction with the emergency
response organization and familiarity with
the facility’s SPCC and FRP plans.   



Your facility is also required to develop
and implement a program of response
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drills and exercises, including evaluation procedures to test the effectiveness of your response
plan.  A program that follows the National Preparedness for Response Exercise Program
(PREP) will meet EPA’s exercise requirements.  An alternative program can also be acceptable
if approved by the EPA RA.



4.6.3 Spill Notification and Recovery



Though not common, your ship scrapping facility may experience accidental discharges of bilge
or ballast water, oil-water separator effluent, or oily sludge to U.S. waters or land while
performing daily activities.  



Are oil spills reported as required?



Though not common, your ship scrapping facility
may experience accidental discharges of oil to
U.S. waters or land while performing daily
activities.  Your facility is required to report
discharges of oil to navigable waters or adjoining
shorelines in quantities that may be harmful to
public health or welfare or the environment (40 CFR 110).  EPA has determined that
discharges of oil in quantities that may be harmful include those that:



C Violate applicable water quality standards;



C Cause a film or “sheen” upon, or discoloration of, the surface of the water or adjoining
shorelines; or 



 
C Cause a sludge or emulsion to be deposited beneath the surface of the water or upon



adjoining shorelines.



If there is such a discharge from a ship or the onshore facility that may reach waters or
adjoining shorelines or land areas that may threaten waterways, your facility owner or operator
must:



(1) Call the National Response Center at 1-800-424-8802 or 703-412-9810
(Washington, D.C. area);



Defining discharge. “Discharge”
means any spilling, leaking, pumping,
pouring, emitting, emptying or dumping
[CWA Section 311(a)(2)].
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(2) Contact the nearest U.S. Coast Guard (USCG) or EPA regional office spill line ;
and 



(3) Report the spill to the state regulatory agency where the spill occurred.  Note:
States and local government may have specific spill reporting requirements for facilities. 
For example, a facility may be required to report all spills meeting certain quantity
thresholds, even if the spill does not leave a contained area within the facility. Check
with your state and local regulatory agencies for their specific spill reporting
requirements. 



In addition, the owner or operator of your facility must submit, in writing, certain information
(including the SPCC Plan) to the EPA Regional Administrator within 60 days, if the release
meets either of the following conditions: (1) either a single discharge of more than 1,000
gallons of oil; or (2) two reportable spills/discharges of oil in harmful quantities, during any 12-
month period, into or upon navigable waters, shorelines, etc.



If your facility has an NPDES permit and the discharge causes your facility to be out of
compliance with the permit requirements, then your facility must report the occurrence to your
permitting agency within 24 hours of becoming aware of a violation, and provide a written
submission within 5 days. 



Is all required information provided to the National Response Center?



When your facility contacts the National Response Center (NRC), 
the center staff person will ask for the following information:



? Your name, location, organization, and telephone number.
? Name and address of the party responsible for the incident.
? Location, date and time of the incident.
? Source and cause of the release or spill.
? Type and quantity of material(s) released or spilled.
? Danger or threat posed by the release or spill.
? Number and types of injuries.
? Weather conditions at the incident location.
? Any other information that may help emergency personnel respond to the incident.



The NRC records and maintains all spill reports in a computer database called the Emergency
Response Notification System (ERNS), which is available to the public



?
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(http://www.epa.gov/ERNS).  The NRC relays the spill information to the EPA and USCG,
depending on the location of the incident.  Specifically, the NRC notifies representatives of
EPA or the USCG, known as On-Scene Coordinators (OSCs).  The OSC is the federal
official charged with directing a spill response through the Unified Command/Integrated
Command System adopted by EPA and USCG.  This intergovernmental coordinating system
encourages, wherever possible, shared decision making by the federal lead response agency
(EPA or USCG), the state(s) and the party responsible for the discharge/release. 



Is the facility prepared for an effective response to an oil spill?



The first and most immediate response to an oil spill is by your facility personnel.  For this
reason, facility response personnel must know the location, capabilities, and operating
instructions of response equipment to attempt an effective oil recovery.  For more information,
visit EPA’s Oil Program at http://www.epa.gov/oilspill/.



C SPCC/FRP regulated facilities (or substantial harm facilities): Within the SPCC-
regulated community, facilities that may cause substantial harm to the environment or
exclusive economic zone, based on the quantity and location of their oil storage, must
prepare facility response plans (FRPs) to ensure that these facilities have the capability
to response to worst case scenario discharges (40 CFR 112.20-21).  FRPs greatly
assist the facility and response agencies to expedite and coordinate cleanup efforts (see
Section 4.6.2).



C Other SPCC-regulated facilities: It is recommended that all other facilities in the
SPCC-regulated community be prepared to respond to a spill by identifying control and
response measures in their SPCC plans.  Every facility should have appropriate spill
response equipment available and easily accessible.  A spill kit, which should be keep
close at hand, should contain absorbent pads and booms, disposal containers or bags,
shovels, an emergency response guidebook, a fire extinguisher, and a portable pump. 
It is also recommended that facilities coordinate with local responders, other nearby
facilities, and contractors before a spill occurs to ensure an efficient and effective
response.  Facility personnel, including seasonal employees, must participate in spill
response, notification, and oil recovery training courses.  Being prepared to respond
reduces the impact of a discharge on human health or the environment and minimizes
cleanup costs and fines resulting from improper notification.



C First response: In the event of an oil spill, the response plan is immediately activated. 
The OSC will activate local, area, regional, or national plans depending on the nature of
the spill and the response capability of the facility.  
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C On-scene coordinators : The designated OSC from EPA or USCG is responsible for
determining how to respond to the spill, i.e., determining the resources, both personnel
and equipment needed.  The OSC does this based on his/her assessment of several
factors, including the following: the magnitude and complexity of the spill; the availability
of appropriate response equipment and trained personnel; and the ability of the
responsible party, or local and/or state responders to respond to the spill.



Although the OSC is responsible for coordinating federal efforts with local, state and
regional response efforts, in practice the role of the OSC varies.  Depending on the
OSC’s assessment, he/she may do the following: direct the response; direct the
response in cooperation with other parties; oversee that the response is conducted by
other parties; provide limited or periodic oversight; or determine that a federal response
is not needed.



For example, small spills may be cleaned up by the facility (or responsible party) or by
local response agencies, while larger spills may require regional response efforts.  In
either cases, the OSC is required to oversee and monitor the spill response to make
sure that all appropriate actions to prevent threats to human health or the environmental
are taken.  If, however, a facility is handling a smaller spill adequately, the OSC may
not go to the site.



C Oil recovery: For federal-led cleanups, the OSC, response teams, and a network of
experienced agencies will decide on the most effective method of cleanup (see below). 
For potentially responsible party (PRP)-led cleanups, cleanup efforts are carefully and
efficiently coordinated to protect response personnel, recreational areas, drinking water
reservoirs, and wildlife from the potentially catastrophic effects of an oil spill. 



What oil recovery methods are used at the facility?



There are a number of advanced response methods available for controlling oil spills and
recovering oil while minimizing their impacts on human health and the environment (see 
http://www.epa.gov/oilspill/oiltech.htm).  The key to effectively combating spills is careful
selection and proper use of equipment and materials best suited to the type of oil and the
conditions at the spill site. Most spill response equipment and materials are greatly affected by
such factors as conditions at sea, water currents, and wind.



Some kinds of response methods include:
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• Mechanical containment or recovery is the primary line of defense against oil spills
in the United States. Containment and recovery equipment include a variety of booms,
barriers, and skimmers, as well as natural and synthetic sorbent materials.  Mechanical
containment is used to capture and store the spilled oil until it can be disposed of
properly. 



• Chemical and biological methods  can be used in conjunction with mechanical means
for containing and cleaning up oil spills. Dispersants and gelling agents are most useful in
helping to keep oil from reaching shorelines and other sensitive habitats. Biological
agents have the potential to assist recovery in sensitive areas such as shorelines,
marshes, and wetlands.  Research into these technologies continues to improve oil spill
cleanup.



• Natural processes such as evaporation, oxidation, and biodegradation can start the
cleanup process, but are generally too slow to provide adequate environmental
recovery. 



• Physical methods , such as wiping with sorbent materials, pressure washing, and
raking and bulldozing, can be used to assist the natural processes.  Scare tactics are
used to protect birds and animals by keeping them away from oil spill areas. Devices
such as propane scare-cans, floating dummies, and helium-filled balloons are often
used, particularly to keep away birds.
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5. OIL AND FUEL REMOVAL



Some ships sold for scrapping contain diesel fuel, fuel oil, natural and synthetic oils used as
lubricants, and hydraulic oils.  This section provides information about the various regulations
that apply to the management of oil and fuel during the ship scrapping process.



5.1  INFORMATION ABOUT OIL AND FUEL



This section provides background information on oil and fuel, including what they are, where
they can be found on a ship, and the dangers of exposure to human health and the environment.  



What are oil and fuel?



The term oil is interpreted by EPA to include crude oil; petroleum and petroleum-refined
products  (e.g., diesel fuel, gasoline, kerosene); and non-petroleum oils such as synthetic oils
(e.g., silicone fluids), tung oils, and wood-derivative oils (e.g., resin/rosin oils), animal fats and
oil, and edible and inedible seed oils from plants.  The definition of oil under the Clean Water
Act is “oil of any kind or in any form including, but not limited to, petroleum, fuel oil,
sludge, oil refuse, and oil mixed with wastes other than dredged spoil” [CWA Section
311(a)(1)]. 



The most common refined petroleum products and their characteristics are as follows:



• Gasoline  is a lightweight substance that flows easily, spreads quickly, and evaporates
readily under temperate conditions.  It is highly volatile and flammable, posing a risk of
fire and explosion.  Gasoline is more toxic than crude oil because of the high
concentration of aromatics.



• Kerosene  is a lightweight substance that flows easily, spreads rapidly, and evaporates
quickly.  Although it disperses easily, kerosene persists in the environment.



• No. 2 Fuel Oil is a lightweight substance that flows easily, spreads rapidly, and
disperses easily.  It is neither volatile nor likely to form emulsions.



• No. 4 Fuel Oil is  a medium weight substance that flows easily and is readily dispersed
if treated promptly.  It has a low volatility and moderate flash point.
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• No. 5 Fuel Oil (Bunker B) is a medium to heavyweight substance with a low volatility
and moderate flash point.  Preheating may be required in cold climate.  Dispersion is
very difficult and potentially impossible.



• No. 6 Fuel Oil (Bunker C) is a difficult to pump, heavyweight substance that requires
preheating for use.  No. 6 Fuel Oil may be heavier than water.  It is not likely to
dissolve, and is likely to form tar balls, lumps, or emulsions.  No. 6 Fuel Oil is difficult
or impossible to disperse.  It has a low volatility and moderate flash point and persists in
the environment.



• Lubricating Oil is a medium weight substance that flows easily and disperses easily if
treated promptly.  It has a low volatility and moderate flash point and persists in the
environment.



Where are oils and fuels found on a ship?



Diesel fuel and fuel oil may be contained in various tanks throughout a ship, lubricating oil in
engine sumps, drums of unused lubricating oil in ship storerooms or engineering spaces, and
sludge in fuel and cargo tanks.  Oil, fuel, and sludge may also be found in the ship’s machinery
and piping system.



Oil found on a ship may be defined by EPA as “used oil.”  Basically, EPA defines used oil as
follows: Used oil is any oil that has been refined from crude oil or any synthetic oil that has been
used and as a result of such use is contaminated by physical or chemical impurities.  Examples
of used oil found on a ship may include spent lubricating fluids which have been removed from
engine crankcases, transmissions, and gearboxes; industrial oils such as compressor, turbine,
and bearing oil; metal working oil; and refrigeration oil. Note: Additional used oil may be
generated from vehicles and machinery used at the ship scrapping facility.



The potential dangers to workers during oil and fuel removal activities



The primary danger to workers due to the presence of oil and fuel on ships is that of fire.
Beyond fire, the potential dangers to workers of handling oil and fuel decrease.  While some
crude oils and high-end products are highly toxic and present hazards to workers, the types of
oils and products (e.g., fuel oil, hydraulic oil, lubricating oil) found on ships currently provided
for scrapping do not have toxic hazards above certain threshold limits, and therefore do not
impose serious health threats to workers. 
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Be aware that exposure to oils or fuels that have certain toxic hazards, exposure can cause
damage to the liver, lungs, kidneys,  heart, and the nervous system.  Exposure pathways include
dermal contact, consumption through bioaccumulation in marine life, consumption through
contaminated soil, inhalation of fumes or particles (particularly in confined spaces), and
consumption of contaminated water. 
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What are the environmental impacts of oil spills?



The severity of an oil spill's impact depends on a variety of factors, including the physical
properties of the oil, whether oils are petroleum-based or non petroleum-based, and the natural
actions of the receiving waters on the oil.   Each type of oil has distinct physical properties that
affect the way it spreads and breaks down, the hazard it may pose to marine (and human life),
and the likelihood that it will pose a threat to natural and manmade resources. The rate at which
an oil spill spreads will determine its effect on the environment.  Most oils tend to spread
horizontally into a smooth and slippery surface, called a “slick,” on top of the water.  



Petroleum-based oils and non-petroleum oils can have both immediate and long-term adverse
effects on the environment and can be dangerous or even deadly to wildlife. Light refined
petroleum products, such as gasoline and kerosene, spread on water surfaces and penetrate
porous soils quickly. Fire and toxic hazards are high, but the products evaporate quickly and
leave little residue. Alternatively, heavier refined oil products may pose a lesser fire and toxic
hazard and do not spread on water as readily.  Heavier oils are more persistent, however, and
may present a greater cleanup challenge. Many non-petroleum oils have similar physical
properties as petroleum-based oils; for example, their solubility in water is limited, they both
create slicks on the surface of water, and they both form emulsions and sludges.  In addition,
non-petroleum oils tend to be persistent, remaining in the environment for long periods of time.  



Oil spills can harm the environment in several ways, including the physical damages that directly
impact wildlife and their habitats, and the toxicity of the oil itself, which can poison exposed
organisms.  Spilled oil immediately begins to move and weather, breaking down and changing
its physical and chemical properties. As these processes occur, the oil threatens natural
resources, birds, and mammals, as well as a wide range of subsurface marine organisms linked
in a complex food chain. Some organisms may be seriously injured (acute effects) or killed
(lethal effects) very soon after contact with the oil in a spill, however; non-lethal toxic effects are
more subtle and often longer lasting. 



• Marine life on reefs and shorelines are at risk of being smothered by oil that washes
ashore or of being slowly poisoned by long-term exposure to oil trapped in shallow
water or on beaches.  Many different types of marine habitats exist with varied
sensitivities to the harmful effects of oil contamination and different abilities to
recuperate from oil spills. In some areas, habitats and populations can recover quickly. 
Unfortunately, in other environments, recovery from persistent or stranded oil may take
years.
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• Spilled oil can harm birds and mammals in many ways. When fur or feathers come into
contact with oil, they get matted down. This matting causes fur and feathers to lose their
insulating properties, placing animals at risk of freezing to death. As the complex
structure of the feathers that allows birds to float becomes damaged, the risk of
drowning increases for birds. Some species are susceptible to the toxic effects of
inhaled oil. Oil vapors can cause damage to an animal's central nervous system, liver,
and lungs. Animals are also at risk from ingesting oil, which can reduce the animal's
ability to eat or digest its food by damaging cells in the intestinal tract. Some studies
show that there can be long-term reproductive problems in animals that have been
exposed to oil. 



5.2  WHO REGULATES OIL AND FUEL REMOVAL?



The management of oil and fuel is regulated because of the potential impacts of releases to the
environment and the potential danger to those working with the substances.  



• EPA.  Under the CWA, the discharge of oil in such quantities as may be harmful into 
navigable waters of the United States and adjoining shorelines is prohibited [CWA
Section 311(b)].  EPA’s Discharge of Oil regulation provides information regarding
these discharges (40 CFR Part 110) and the Oil Pollution Prevention regulation (40
CFR Part 112) requires certain facilities to prepare and implement Spill Prevention,
Control, and Countermeasures (SPCC) plans, and/or Facility Response plans (FRPs). 
Used oil is regulated under the Used Oil Management Standards (40 CFR 279). 
Waste or used oil that is hazardous must be managed according to the Resource
Conservation Recovery Act (RCRA) hazardous waste regulations (40 CFR 261- 270).



• Coast Guard.  If more than 250 gallons of fuel oil or lubricating oil are to be removed
from the vessel, the U.S. Coast Guard Captain of the Port must be notified and Coast
Guard approval obtained.  Also, the Coast Guard has required procedures for pumping
oil from a ship to the shore.



• OSHA.  OSHA is responsible for ensuring that workers are not at risk or in danger
when managing fuel and oil.  OSHA regulations include specific requirements or
procedures for work that is conducted in spaces that contain or have contained
combustible or flammable liquids or gases (29 CFR 1915). These and other worker
safety requirements will be described in the following sections.



5.3 OIL AND FUEL REMOVAL AND STORAGE
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5.3.1 Removing Oil and Fuel



This section highlights only a few of the requirements that apply to removing oil and fuel from
ships.  Please refer to the U.S. Coast Guard (USCG) regulations for additional information.
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Have the locations and quantities of oil and fuel to be removed from the ship
been identified?



Your facility will most likely identify the locations and quantities of oil and fuel onboard during
its initial survey of the ship.  Note: Your facility may have received documentation of the
locations and quantities of oil and fuel onboard when it obtained the ship for scrapping. 



Has U.S. Coast Guard approval for removal activities been obtained?



If more than 250 gallons of fuel oil or lubricating oil are to be removed from the ship, your
facility is required to notify the USCG Captain and obtain approval from the Coast Guard prior
to the removal activities.  If located at a port, the port must certify that there are adequate oil
transfer facilities available, and the receiving facility must have oil spill cleanup and notification
procedures, periodic inspections, and training.



Are oils and fuels removed from the ship as thoroughly as practicable?



The removal of oil and fuel is covered under USCG and OSHA regulations. Your facility must
remove oil and fuel as thoroughly as practicable from the ship by draining or pumping the fluids
in a manner that minimizes the potential for a release into the environment. 



Is transfer operations equipment inspected prior to removal activities?



Your facility may use different kinds of transfer
operations equipment, such as piping, valves,
gauges, regulators, compressors, pumps, and
other mechanical devices to transfer oil from the
ship to onshore storage location.  This
equipment should be inspected regularly and
repaired as necessary because of the high risk of spills during these operations.  Oil and fuel
may be transferred from the ship to storage tanks (aboveground or underground) onshore or
directly to a transporter’s truck.  



An inspector may evaluate transfer operations equipment to verify
that all equipment is in proper working order and there is no
evidence of spills or leaks.



Are booms immediately available to contain accidental discharges?



Tip: Transfer operations must meet
specific U.S. Coast Guard requirements
in addition to inspection and repair.
Contact the USCG for more information.
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During scrapping, your facility is required to have immediately available certain types and
lengths of boom to help contain any accidental discharges of oil or oil-containing wastewater
and reduce the potential for impacts to surrounding biological resources.  This is an EPA
requirement if your facility is subject to the SPCC rule.  Under the SPCC rule, spill prevention
procedures or controls, such as booms, oil sorbents and barriers, can be used to reduce
impacts to the environment in the event of a spill.



5.3.2 Cleaning Oil and Fuel Tanks/Compartments on Ships and
Shore-Based Storage Facilities



Are spaces cleaned after removal of oil and fuel?



Depending on the kind of oil or fuel in a tank or compartment, your facility may need to clean
that space before any hot work can be performed.  When cleaning spaces that contain or have
last contained bulk quantities of combustible or flammable liquids or gases, the facility must
ensure that manual cleaning and other cold work is not performed until certain conditions are
met (29 CFR 1915.13).  These conditions include, but are not limited to, the following:



• Liquid residues must be removed as thoroughly as practicable before workers start
cleaning operations in the space [29 CFR 1915.13(b)(1)]. 



• Testing is conducted by the
facility’s competent person to
determine the concentration of
flammable, combustible, toxic,
corrosive, or irritant vapors within
the space prior to the beginning
of cleaning.  



• Continuous ventilation must be
provided at volumes and flow
rates to ensure that these
concentrations of vapors are
within certain limits/levels, and
testing must be conducted as
often as necessary by the competent person during cleaning to assure that air
concentrations stay within these limits/levels [29 CFR 1915.13(b)(2)-(4)]. 



 



Who is a “competent person”? A competent
person is a person who is capable of recognizing
and evaluating worker exposure to hazardous
substances or to other unsafe conditions and is
capable of specifying the necessary protection
and precautions to take to ensure worker safety. 
Your facility may designate any person who
meets the requirements found in 29 CFR 1915.7
to be a competent person responsible for
performing testing in certain situations (29 CFR
1915.7).  The facility may use a Marine Chemist,
or in some cases, a certified industrial hygienist
to perform the same activities as a competent
person.  
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• The facility must promptly post signs that prohibit sources of ignition within or near a
space that has contained flammable or combustible liquids or gases in bulk quantities:
(1) at the entrance to those spaces; (2) in adjacent spaces; and (3) in an open area
adjacent to those spaces [29 CFR 1915.13(b)(10)].



Following cleaning, tanks or other areas that have or have contained flammable liquids must be
certified by a marine chemist before any hot work can be performed (see Section 7.3.1).



An inspector may review site records to verify that the proper
testing was conducted prior to and during the time that workers
conducted cleaning in these spaces. 



How are confined or enclosed spaces determined to be safe for entry?



Prior to workers entering a
specific confined or enclosed
space, your facility’s competent
person must (1) visually
inspect the space for the
presence of solids, liquids or
other contaminants, and (2)
test the space, as appropriate,
for:



• Oxygen content [29 CFR 1915.12(a)]
• Concentrations of flammable vapors or gases  [29 CFR 1915.12(b)]
• Concentrations (air) of toxics, corrosives, or irritants  [29 CFR 1915.12(c)]



If the tests demonstrate that the oxygen content and air concentrations are within the required
limits, then workers may enter the space to work.  If the tests show that it is not safe to enter a
space, then certain measures must be taken (e.g., ventilation, re-testing, labeling the space to
prevent entry or prevent entry without the required protection) for that space.



An inspector may review site records to verify that proper testing
was conducted prior to workers entering confined or enclosed
spaces. 



Are workers entering confined or enclosed spaces appropriately trained?



A confined space is defined as a compartment of small
size and limited access such as a double bottom tank,
cofferdam, or other space which by its small size and
confined nature can readily create or aggravate a
hazardous exposure.  
An enclosed space is defined as any space, other than a
confined space, which is enclosed by bulkheads and
overhead.  Enclosed spaces include cargo holds, tanks,
quarters, and machinery and boiler spaces.
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Your facility is required to train workers who enter confined or enclosed spaces or other areas
with dangerous atmospheres to perform their work safely.  OSHA requires training in hazard
recognition and the use of personal protective equipment (PPE).  Your facility must provide
workers entering these spaces with training before they are allowed to enter, and whenever
there is a change in operation or in a worker’s duties [29 CFR 1915.12(d)]. 



An inspector may review training records to verify that workers
have the appropriate training to be working in confined and
enclosed spaces.



5.3.3 Storing Wastes in Tanks



While various types of containers may be used to store oil and fuel removed from a ship,
facilities commonly use underground storage tanks (USTs) (40 CFR 280) or aboveground
storage tanks (ASTs) [40 CFR 112.7(e)(2)].  



Underground Storage Tanks



A UST is a tank and any
underground piping connected to
the tank that has at least ten
percent of its combined volume
underground.  To protect human
health and the environment from
dangerous releases, USTs must
have leak detection and spill,
overfill, and corrosion protection.  Other UST requirements address notification, installation,
corrective action, financial responsibility, and recordkeeping.  



Tanks installed after 1988 need to comply with all UST requirements upon installation.  Tanks
installed before 1988 had until December 1998 to comply with spill, overfill, and corrosion
protection requirements, but these USTs should be in compliance with all requirements now.  



Warning:  Now that the December 22, 1998 deadline for all UST systems has passed,
owners and operators of facilities that continue to operate UST systems not meeting the
federal requirements for leak detection, and spill, overfill, and corrosion protection are out
of compliance.  Besides posing a threat to human health and the environment, such
operation can subject the owner/operator to considerable fines. 



A Basic Checklist for USTs. EPA has a  checklist that
can help your facility evaluate its USTs. Your facility can
use the checklist to see how closely it meets the federal
regulations for USTs (40 CFR Part 280). The checklist
can also help your facility prepare for official inspections
of USTs.  The checklist can be  accessed at
http://www.epa.gov/swerust1/cmplastc/cheklist.htm.
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Some USTs are not covered by federal regulations (e.g., tanks storing heating oil used on
premises where it is stored; tanks on or above the floor of underground areas, such as
basements or tunnels; emergency spill and overflow fill tanks); however, such USTs may be
regulated by your state or local regulatory agency.  



For more information on USTs, visit EPA’s Office of Underground Storage Tanks website at
http://www.epa.gov/OUST/.  Check with the state and local regulatory agencies to find out if
there are additional or more stringent state and/or local UST requirements.



Aboveground Storage Tanks



ASTs, depending on their storage capacities, may be
subject to federal requirements (under 40 CFR 112),
as well as state and local requirements.  State and
local requirements typically incorporate standards
established by organizations such as the National Fire
Protection Association (NFPA) and the American Petroleum Institute. For more information
about the NFPA requirements, call the NFPA at 617-770-3000 or access their website at
http://www.nfpa.org. 



Construction, design, and operation requirements for ASTs are typically governed by state and
local fire marshals or environmental officers.  In addition to consulting with your fire marshal,
your facility should also check with your state regulatory agency for information on additional
AST requirements.  



Has the state UST program office been notified of any USTs on site?



If your facility has onsite regulated UST systems, it is required to submit a notification form to
the state UST program office.  This form includes certification of compliance with federal
requirements for installation, cathodic protection, release detection, and financial responsibility
for UST systems installed after December 22, 1988.  For more information on how to obtain
and complete the form, call EPA’s RCRA/UST, Superfund, and EPCRA Hotline  at 1-800-
424-9346.



An inspector may check with the state UST program office to verify
that the number of USTs match the number reported on the
notification form(s) to the state. 



Note: USTs that store flammable
and combustible liquids must also
meet NFPA provisions for tank
storage and piping systems. 
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Is leak detection conducted for tanks and piping?



Facilities with federally regulated
UST systems must conduct leak
detection.  The monthly monitoring
methods  that may be used to
conduct leak detection of tanks
include the following:



• Automatic tank gauging         
• Monitoring for vapors in soil   
• Interstitial monitoring
• Groundwater monitoring
• Statistical inventory reconciliation
• Other methods approved by the regulatory authority



In addition, any pressurized piping must have: (1) monthly monitoring (as described above) or
annual line testing, and (2) an automatic flow restrictor, an automatic shutoff device, or a
continuous alarm system installed.  Check with your state UST program office to determine
which leak detection methods are acceptable in your state.



Do USTs meet requirements for spill, overfill, and corrosion protection?



Your facility must operate USTs to ensure that spills, overflows, and corrosion do not cause
releases into the environment.  As of December 22, 1998, your facility was required to meet
the federal requirements for spill, overfill, and corrosion protection for all of its UST systems
see 40 CFR 280. 



Are ASTs inspected on a periodic basis to verify tank integrity?



ASTs must be inspected periodically for tank integrity [40 CFR 112.7(e)(2)(vi)].  Several
techniques are available to test tank integrity such as:



• X-ray or radiographic analysis to measure wall thickness and detect cracks and
crevices in metal



• Ultrasonic analysis to measure shell metal thickness
• Hydrostatic testing to identify leaks caused by pressure
• Visual inspection to detect cracks, leaks, or holes



Note: Facilities with USTs may use inventory
control and tank tightness testing instead of one of
the monthly monitoring methods for a maximum of
10 years after the tank is installed or upgraded with
corrosion protection (40 CFR 280.41).
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• Magnetic flux eddy current test used in conjunction with ultrasonic analysis to detect
pitting



Your facility should check the outside of the tank for signs of deterioration, leaks that might
cause a spill, and accumulated oil inside the diked areas.  AST tank bottoms may be subject to
extensive corrosion, which may go undetected during visual inspections.  A tank also may fail
due to surface corrosion.  Pitting creates a high potential for AST failure. Holes may form in
rusty tanks causing the tank to leak.  Your facility can prevent corrosion by taking measures
appropriate for the type of tank installation and foundation (e.g., dielectric coatings, carefully
engineered cathodic protection, and double-bottom tanks).



Your facility should also examine the foundation and supports of each tank.  If a tank sits on a
foundation, check for large gaps between the foundation and the tank bottom and for crumbling
or excessive cracking in a concrete foundation.  Assess whether a storage tank foundation
provides adequate support for the tank.  If the tank sits directly on the ground, check for large
gaps between the ground surface and the tank bottom.



All leaks should be documented and repaired immediately.



Is secondary containment used to prevent oil discharges?



For ASTs, your facility is required to install appropriate containment and diversionary structures
or equipment, such as dikes, berms, and retaining walls (40 CFR 112.7), to prevent discharges
of oil from reaching navigable water, unless it can be clearly demonstrated that installation of
such structures or equipment is not practicable.  Impracticability pertains primarily to those
cases where severe space limitations or other physical constraints may preclude installation of
structures or equipment to prevent oil from reaching navigable water.  Demonstrating
impracticability on the basis of economic considerations is not acceptable.



An inspector may verify that there are appropriate containment
and diversionary structures or equipment at the facility for all
ASTs.



5.3.5 Managing Oil/Oily Wastes as Used Oil



Used oil is stored and managed according to the Used Oil Management Standards (40 CFR
279).  As a facility that handles used oil, your facility must follow certain good housekeeping
practices.  These management standards are common sense, good business practices designed
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to ensure the safe handling of used oil to maximize recycling and minimize disposal.  Note:
Some states may have stricter disposal requirements. Contact your state regulatory agency to
determine the used oil disposal requirements. 



As noted earlier, EPA defines used oil as “any oil that has been refined from crude oil or any
synthetic oil that has been used and as a result of such use is contaminated by physical or
chemical impurities.”  A substance must meet each of the following three criteria to meet the
definition of used oil: 



• Origin.  This criterion is focused on the oil’s origin. Used oil must have been refined
from crude oil or made from synthetic materials.  Animal and vegetable oils are
excluded from EPA’s definition of used oil. 



• Use.  This criterion is based on whether and how the oil is used.  Oils used as
lubricants, hydraulic fluids, heat transfer fluids, buoyants, and for other similar purposes
are considered used oil.  Unused oils, such as bottom clean-out waste from virgin fuel
oil storage tanks or virgin fuel oil recovered from a spill, do not meet EPA’s definition
of used oil because they have never been “used.” EPA’s definition also excludes
products used as cleaning agents or used solely for their solvent properties, as well as
certain petroleum-derived products like antifreeze and kerosene.



• Contaminants.  To meet EPA’s definition, used oil must be contaminated with either
physical or chemical impurities as a result of being used.  This includes residues and
contaminants generated from handling, storing, and processing used oil.  Physical
contaminants may include metal shavings, sawdust, or dirt.  Chemical contaminants
could include solvents, halogenated volatile organics (i.e., halogens), or saltwater.



Used oil and substances containing or covered with used oil are regulated according to the
Used Oil Management Standards if they meet certain conditions. Otherwise, they are subject to
being managed according to other regulations [40 CFR 279.10(b)]. 



The following are regulated as used oil:



• Used oil produced on a ship from normal shipboard operations is subject to regulation
as a used oil when it is transported ashore. 



• A mixture of used oil and a waste that is hazardous solely because it exhibits the
characteristic of ignitability if the resultant mixture does not exhibit the characteristic of
ignitability.
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• Except as described in the bullet above, a mixture of used oil and a hazardous waste
that solely exhibits one or more of the hazardous waste characteristics (e.g., ignitability,
corrosivity, reactivity, or toxicity) if the resultant mixture does not exhibit any of the
hazardous waste characteristics. 



• Materials which contain or are otherwise contaminated with used oil that are recycled
(e.g., burned for energy recovery).  This includes the used oil drained or removed from
these materials.



The following are not regulated as used oil:



• Oils and oily wastes that do not meet the definition of used oil. 



• A mixture of used oil and a hazardous waste that exhibits one or more of the hazardous
waste characteristics (e.g., ignitability, corrosivity, reactivity, or toxicity) if the resultant
mixture exhibits any hazardous waste characteristics. This mixture must be regulated as
a hazardous waste. 



• A mixture of used oil and a listed hazardous waste. This includes used oil mixtures
containing more than 1,000 ppm total halogens. (EPA presumes that the used oil has
been mixed with a listed halogenated hazardous waste.) This mixture must be regulated
as a hazardous waste. 



• Materials which contain or are otherwise contaminated with used oil if the used oil has
been properly drained or removed (i.e., there are no visible signs of free-flowing oil
remaining on or in the materials) from them.  These materials are then not defined as
used oil and therefore, are not regulated as used oil. 



Is the mixing of used oil with hazardous waste prevented?



Hazardous waste fluids, such as
used solvent, gasoline, or other
hazardous substances, should not
be mixed with used oil, or the
entire volume may be classified as
hazardous waste.  Basically, the
following mixing rules apply:



Tip: Avoid mixing used oil and hazardous waste.
If used oil is mixed with hazardous waste, the entire
volume will probably have to be managed as
hazardous waste.  The safest practice is to never mix
any other wastes with used oil.
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Note: If oil contains >50 ppm of PCBs,
then the PCB labeling procedures
apply to any container storing such oil
(see Section 3).  



• A mixture of used oil and a waste that is hazardous solely because it exhibits the
characteristic of ignitability must be managed as a hazardous waste if the resultant
mixture exhibits the characteristic of ignitability.



• A mixture of used oil and a hazardous waste that exhibits one or more of the hazardous
waste characteristics (e.g., ignitability, corrosivity, reactivity, or toxicity) must be
regulated as a hazardous waste if the resultant mixture exhibits any hazardous waste
characteristics. 



• A mixture of used oil and a listed hazardous waste must be regulated as a hazardous
waste.  This includes used oil mixtures containing more than 1,000 ppm total halogens.
(EPA presumes that the used oil has been mixed with a listed halogenated hazardous
waste.)



The safest practice is never to mix any other waste with used oil.  However, if you have
questions about which specific products may be mixed with used oil, call the RCRA/UST,
Superfund, and EPCRA Hotline  at 1-800-424-9346.



Are all containers/tanks leak free and labeled “used oil”?



Your facility can store used oil in containers (e.g.,
55-gallon steel drum) or tanks (e.g., underground
or aboveground storage tanks). These containers
and tanks must be leak free and labeled with the
words “Used Oil.”  Some facilities have pipes
that connect to a used oil storage tank.  In this
case, the piping should also be labeled with the words "Used Oil.” No special labels are
necessary, provided that the words “used oil” are visible at all times.  Spray painting, crayon, or
handwritten (preferably not in pencil) labels are okay.  



An inspector may inspect all oil storage containers or tanks to
verify that they are labeled properly and there is no evidence of
leaks or discharges of oil.



Are used oil and fuel recycled or sent to a reclaimer?



Your facility most likely sends used oil and fuel to a recycling center or reclaimer. The used oil
management standards (40 CFR 279) include a recycling presumption, that is, an assumption
that all used oil that is generated will be recycled.  This is based on the fact that almost all used
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oil can be recycled.  Recycling is the most environmentally protective and often the most
economical approach to handling used oil. Facilities should maintain all records on their used oil
storage and recycling activities. 



Your facility has two options for
transporting used oil: (1) using a
transporter or (2) self-transporting. 
Your facility must ensure that your used
oil is transported to an approved 
recycling center by transporters who
have obtained EPA identification
numbers.  If self-transporting more than 55 gallons of used oil offsite to an approved recycling
center, your facility is required to (1) have an EPA identification number and (2) be licensed as
a used oil transporter.



Another method of recycling used oil is burning
for energy recovery. Your facility may burn the
used oil in an on site heater which is used to heat
parts of the facility or heat hot water, or it either
has a transporter or takes its own oil to an
approved used oil burner.  Used oil burned offsite may be used as fuel in industrial furnaces,
utility boilers, or hazardous waste incinerators. 



Note: Though not the environmentally preferred method, nonhazardous sludge may be disposed
of in a solid waste landfill, which is also known as a municipal landfill (40 CFR 258), if it is not
sent to a recycling center. Your facility should contact its municipal solid waste landfill for more
information on industrial sludge disposal requirements.  



An inspector may track the shipments from your facility through the
reclaimers to verify that the shipments of fuel and oil do not
contain spent solvent or other hazardous waste liquids.



Tip: Check your transporter’s qualifications to
make sure they take your used oil to a reputable
recycling center.  Measure the level of oil in your
tank before and after the transporter collects it to
be certain the oil collected matches the amount
the transporter has reported.



Used oil should never be disposed of in
sewers, drains, dumpsters, on the
ground, or used as dust suppressants.
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5.3.6  Managing Oil/Oily Wastes as Hazardous Wastes 



Are oil/oily wastes hazardous?



Oil and oily wastes may contain substances in concentrations which make them hazardous.  If
hazardous, they must be managed and disposed of according to the RCRA hazardous waste
regulations (40 CFR 261-270).



If your facility has determined that these oil/oily wastes are not classified as used oil, then it must
test them to determine pollutant concentrations and evaluate if they are hazardous.  Tests may
be conducted for various contaminants, including but not limited to: metals, such as lead,
arsenic, chromium, and cadmium; polychlorinated biphenyls (PCBs); total halogenated volatile
organics; and the flash point. 



To be considered “hazardous waste,” materials must first meet EPA’s definition of “solid
waste.”  Solid waste is discarded material, such as garbage, refuse, and sludge, and it can
include solids, semisolids, liquids, or contained gaseous materials.  Solid wastes that meet the
following criteria are considered hazardous and subject to RCRA regulations (40 CFR Part
261):



• Listed waste.  Waste is considered hazardous if it appears on one of four lists of
hazardous wastes published in 40 CFR 261 Subpart D.  Currently, more than 400
wastes are listed.  Wastes are listed as hazardous because they are known to be
harmful to human health and the environment when not properly managed. Even when
properly managed, some listed wastes are so dangerous that they are called “acutely
hazardous wastes.” Examples of acutely hazardous wastes include wastes generated
from some pesticides that can be fatal to humans even in low doses.  



• Characteristic waste.  If waste does not appear on one of the hazardous waste lists, it
still might be considered hazardous if it demonstrates one or more of the following
characteristics:



S Ignitable:  Ignitable wastes can create fire under certain conditions (e.g.,
temperature, pressure) or are spontaneously combustible (40 CFR 261.21). 
Examples include certain used paints, degreasers, oils and solvents.



S Corrosive:  Corrosive wastes are acids or bases that are capable of corroding
metal, such as storage tanks, containers, drums, and barrels (40 CFR 261.22). 
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Examples include rust removers, acid or alkaline cleaning fluids, and battery
acid.



S Reactive:  Reactive wastes are unstable and explode or produce toxic fumes,
gases, and vapors when mixed with water (40 CFR 261.23).  Examples
include lithium-sulfide batteries and explosives.



S Toxic:  Toxic wastes are harmful or fatal when ingested or absorbed, or leach
toxic chemicals into the soil or groundwater when disposed of on land (40 CFR
261.24).   Examples include wastes that contain high concentrations of heavy
metals, such as cadmium, lead, or mercury.  



If your facility generates hazardous waste, what is your generator category?



Determining your generator category. Your facility’s hazardous waste generator category is
determined by the amount of hazardous waste that it generates each month (40 CFR 261). 
There are three federal categories of hazardous waste generators:



• Conditionally exempt small quantity generator (CESQG). CESQGs generate
#220 pounds (100 kg) of hazardous waste per month or #220 pounds of spill cleanup
debris containing hazardous waste per month. CESQGs have no maximum on-site time
limits for storage, but cannot accumulate more than 2,200 lbs. (1,000 kg) of
hazardous waste onsite.  If a CESQG accumulates more than this amount, it becomes
an SQG or LQG.  



• Small quantity generator (SQG). SQGs generate >220 pounds (100 kg) and
<2,200 pounds (1,000 kg) of hazardous waste per month or  >220 pounds and
<2,200 pounds of spill cleanup debris containing hazardous waste per month. SQGs



Determining toxicity: A facility can determine if its waste is toxic by having it tested
using the Toxicity Characteristic Leaching Procedure (TCLP), or by process
knowledge.  TCLP can be done at a local certified laboratory.  It is designed to
replicate the leaching process and other effects that occur when wastes are buried in
a typical municipal landfill.  If the waste contains any of the regulated contaminants at
concentrations equal to or greater than the regulatory levels, then the waste exhibits
the toxicity characteristic. Process knowledge is detailed information on wastes
obtained from existing published or documented waste analysis data or studies
conducted on hazardous wastes generated by similar processes. For example, EPA’s
lists of hazardous  wastes in 40 CFR 261 (as discussed above) can be used as
process knowledge.  
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Rough Guide
• 27 gallons (about half of a 55-gallon



drum) of waste with a density similar to
water weighs about 220 pounds (100 kg).



• 270 gallons of waste with a density
similar to water weighs about 2,200 lbs
(1,000 kg).



may accumulate no more than 6,000 kg of hazardous waste in storage, which may be
stored on site for no more than 180 days (or no more than 270 days if the
treatment/disposal facility is more than 200 miles away).  If an SQG accumulates more
than the specified amount, it becomes an LQG.  



• Large quantity generator (LQG). LQGs generate $2,200 pounds (1,000 kg) of
hazardous waste per month or $2,200 pounds of spill cleanup debris containing
hazardous waste per month. LQGs may accumulate any amount of hazardous waste for
no more than 90 days.



Facilities that generate 2.2 pounds or less of acutely hazardous wastes per month
are classified as CESQGs, whereas facilities that generate more than 2.2 pounds
of acutely hazardous wastes per month are classified as LQGs. 



Adding waste quantities. To determine which category applies to your facility, your facility
must count all quantities of listed and characteristic hazardous wastes.  These include wastes
that are: (1) generated and collected at your facility prior to treatment or disposal; and (2)
packaged and transported offsite.



Many hazardous wastes are liquids and are
measured in gallons, not pounds.  To
approximate the number of pounds of liquid
your facility has, multiply the number of
gallons by 8.3 (because a gallon of water
weighs 8.3 pounds and many liquids have a
density similar to water). 



When adding up all the hazardous wastes generated, keep in mind that your facility does NOT
have to count the following:



• Wastes that are left on the bottom of containers that have been emptied by conventional
means (i.e., pouring or pumping) and where no more than 2.5 cm (1 inch) of residue
remains in the bottom of the container or no more than 3 percent by weight of the total
capacity of the container remains in the container if the container is less than or equal to
110 gallons in size. 



• Residues in the bottom of storage tanks, if the residue is not removed (i.e., residues left
in the bottom of the storage container are not counted as long as they are not removed
when the tank is refilled).
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• Wastes that are reclaimed continuously on site without storing the waste prior to
reclamation.



  
• Wastes that have already counted once during the calendar month, and treated onsite



or reclaimed in some manner and used again.



• Wastes that are directly discharged to a municipal treatment plant or POTW without
being stored or accumulated first.



C Waste oil that meets the criteria for used oil and is to be managed and handled as used
oil (40 CFR 279).



C Scrap metal that is recycled [40 CFR 261.6(a)(3)].



If your facility is a CESQG, does it meet all applicable requirements?



As a CESQG, your facility’s requirements are quite simple.  There are three basic hazardous
waste management requirements that apply to CESQGs:



• Identify all hazardous and acutely hazardous wastes (40 CFR 262.11).  For help in
identifying hazardous wastes, call EPA or your state regulatory agency; a consultant; a
licensed transporter; or the RCRA/UST, Superfund and EPCRA hotline at 703-412-
9810 or 1-800-424-9346.



An inspector may review your facility’s waste
determinations and any analytical data.



• Do not generate more than 220 lbs. (or 100 kg) per month of hazardous waste or more
than 2.2 lbs. (1 kg) per month of acutely hazardous waste (this includes any wastes
your facility has shipped off site for disposal during that month); and never store more
than 2,200 lbs. (1,000 kg) of hazardous waste or 2.2 lbs. of acutely hazardous waste
for any period of time (40 CFR 261 and 262).  



An inspector may evaluate the total volume of waste on site
at the time of the inspection and verify that it is within the
limits for your facility’s generator category. 
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• Ensure proper disposal of your hazardous waste.  For CESQGs, proper treatment and
disposal of hazardous wastes are fairly simple.  It involves ensuring that the waste is
shipped to one of the following facilities:



– A state or federally regulated hazardous waste management treatment, storage,
or disposal facility (if your facility’s waste is hazardous).



– A facility permitted, licensed, or registered by a state to manage municipal or
industrial solid waste.



– A facility that uses, reuses or legitimately recycles the waste (or treats the waste
prior to use, reuse, or recycling).



Self-transporting hazardous waste.  CESQGs are allowed to transport their own
wastes to the treatment or storage facility, unlike SQGs and LQGs which are required
to use a licensed, certified transporter.  While there are no specific RCRA requirements
for CESQGs who transport their own wastes, Department of Transportation (DOT)
requires all transporters of hazardous waste to comply with all applicable DOT
regulations.  Specifically, DOT regulations require all transporters, including CESQGs,
transporting hazardous waste that qualifies as DOT hazardous material to comply with
EPA hazardous waste transporter requirements see 40 CFR 263. 



• As a CESQG, your facility is not required by federal laws to train its employees on
hazardous waste handling or emergency preparedness, however, it is strongly advised. 
Keep in mind that your employees responding to releases of hazardous
substances and hazardous waste are required to be trained under OSHA’s
Hazardous Waste Operations and Emergency Response (HAZWOPER)
requirements see 29 CFR 1910.120.



Your facility must comply with the above requirements to retain its CESQG status, and remain
exempt from the more stringent hazardous waste regulations that apply to SQGs and LQGs. 
Though not required, it is recommended that your facility follow the waste storage and handling
requirements for SQGs to minimize the possibility of any leaks, spills, or other releases that
potentially could cause economic hardship to your facility.  States may have more stringent
and/or different requirements, so contact your state hazardous waste agency for these
requirements.



If your facility is an SQG or LQG, does it meet all applicable requirements? 
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If your facility determines, based on the amount of waste generated, that it is an SQG or LQG,
it must comply with a variety of requirements covering the storage and handling, treatment, and
disposal of the hazardous waste, from generation to final disposal.  These requirements include:



• Waste identification. As a generator, your facility must determine whether wastes are
hazardous using the hazardous waste identification process (40 CFR 261).  For
assistance, call EPA or your state regulatory agency; a consultant; a licensed
transporter; or the RCRA/UST, Superfund and EPCRA hotline at 703-412-9810 or
1-800-424-9346.



An inspector may review your facility’s waste
determinations and any analytical data.



• EPA identification number.  An EPA hazardous waste generator identification
number must be entered on all hazardous waste manifests (40 CFR 262.12). For
assistance in obtaining a hazardous waste generator identification number (EPA form
8700-12 “Notification of Hazardous Waste Activity”), your facility may contact EPA
or the state regulatory agency. 



• Accumulation and storage limits. Onsite accumulation (storage) limits are based on
the total weight of hazardous waste that can be accumulated at any time at your facility
before it must be shipped offsite (40 CFR 262.34). 



An inspector may evaluate the total volume of waste on site
at the time of the inspection and verify that it is within the
limits for your facility’s generator category (e.g., SQG or
LQG). 



• Container management. Your facility can store hazardous waste in 55-gallon drums,
tanks, or other suitable containers, and it must comply with rules intended to protect
human health and the environment and reduce the likelihood of damages or injuries
caused by leaks or spills (40 CFR 265).  



An inspector may look at all hazardous waste on site noting
the size and type of containers, their condition, and whether
they are closed and protected from the weather. He/she may
check the labels on the containers for the words “hazardous
waste,” and verify that the dates information is complete on
the label.  The inspector may also check the containment for
cracks or leaks.
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• Personnel training.
Proper waste handling
can save your facility
money in waste
treatment and disposal
and in lost time due to
employee illness or
accidents.  Your facility must train its employees on the procedures for properly
handling hazardous waste, as well as on emergency procedures [40 CFR 262.34(a)]. 
For LQGs, the training must be formalized and be completed by employees within six
months of accepting a job involving the handling of hazardous waste, and your facility is
required to provide annual review of the initial training.  



An inspector may check personnel records to determine
when hazardous waste duties were assigned and if proper
training was provided by your facility.



• Contingency planning, emergency procedures, and accident prevention. If an
LQG, your facility is required to have a written contingency plan.  If an SQG, your
facility must have basic contingency procedures in place.  Although a written
contingency plan is not federally required for SQGs or CESQGs, it is strongly
recommended.  It is also important to check with your state and local authorities for any
additional contingency plan or emergency preparedness requirements (40 CFR 262). 



An inspector may review your facility’s contingency plan or
basic contingency procedures, and ask about any incidents
requiring implementation of the plan or procedures.



• Hazardous waste shipment labeling and placarding. When your facility prepares
hazardous wastes for shipment, it must put the wastes in properly labeled containers
that are appropriate for transportation according to the DOT regulations (40 CFR
262). 



 
• Reporting and recordkeeping requirements. Your facility is required to meet



various reporting and recordkeeping requirements as part of your hazardous waste
management activities.  Reports include the following:  



 
S Manifest form.  The Uniform Hazardous Waste Manifest Form (EPA Form



8700-22) is a multi-copy shipping document that reports the contents of your



Keep in mind that employees who are responding to
releases of hazardous substances waste are also required
to be trained under OSHA’s Hazardous Waste Operations
and Emergency Response (HAZWOPER) requirements see
29 CFR 1910.120, in addition to EPA’s hazardous waste
management training.
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shipment, the transport company used, and the treatment/disposal facility
receiving the wastes (40 CFR 262.20).  Your facility (i.e., the hazardous waste
generator), the transporter, and the treatment/disposal facility must each sign
this document and keep a copy. Your facility must keep the copy of the
manifest signed by all three parties on file for three years.  



S Exception report.  Exception reports document a missing return copy of the
hazardous waste manifest.  Your facility must maintain copies of exception
reports for three years.



S Biennial report.  If an LQG, your facility must submit a biennial report (EPA
8700-13A) on March 1 of each even-numbered year to the appropriate EPA
or state regulatory agency (40 CFR 262.41).  Some states impose this
requirement on SQGs.  Your facility can obtain biennial report applications and
instructions from EPA or its state regulatory agency.



S Land disposal restriction notification.  Land disposal restrictions (LDRs)
are regulations prohibiting the disposal of hazardous waste on land without prior
treatment of the waste (40 CFR 268).  Your facility is required to provide a
one-time notification about your wastes to the treatment or disposal facility
with the first shipment of waste offsite, and keep a copy in your files.   



In addition to these reports, your facility is required by EPA to keep certain records on
file to show that good housekeeping practices and monitoring are being performed. 
EPA requires that records be kept on file at your facility for three years (40 CFR
262.40). These records include:



S Laboratory analyses and waste profile sheets for determining whether wastes
generated by your facility are hazardous.



S Copies of all hazardous waste manifests, land disposal restriction notification,
and exception reports.



S Copies of all Notification of Hazardous Activity forms submitted to and
received from the state or EPA.



S For LQGs only, copies of: (1) all personnel training plans and documentation
that indicate employees have completed the required training; (2) the facility’s
contingency plan; and (3) the facility’s biennial report.
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Storage Capacity:
Remember, the
requirements apply
specifically to your
storage capacity,
regardless of whether
the tanks are
completely filled.



An inspector will most likely review all records, including but
not limited to annual or biennial reports and manifests.



5.4 OIL SPILL PREVENTION, RESPONSE, AND RECOVERY



Some of the most important activities during ship scrapping are: (1) preventing oil discharges,
(2) being prepared to respond to spills, and (3) knowing how to respond to spills and recover
spilled materials.  EPA issued the Oil Pollution Prevention regulation (40 CFR 112) to prevent
oil spills from reaching navigable waters of the United States or adjoining shorelines and to
prepare facility personnel in responding to oil spills.  The regulation has two sets of
requirements — the Spill Prevention, Control, and Countermeasures (SPCC) plan rule (an oil
spill prevention program) and the Facility Response Plan (FRP) rule (an oil spill response
program).  Your facility may be subject to this regulation if it, among other things, produces,
gathers, stores, transfers, or consumes oil.



5.4.1 Spill Prevention Planning



Does your facility have an SPCC plan?



The intent of an SPCC plan is to prevent the discharge of oil from non-transportation-related
fixed facilities (40 CFR 112).  Your facility may be required to prepare and implement an
SPCC plan if:



(1) Due to its location, it could reasonably be expected to discharge oil into or upon the
navigable waters of the United Stated or adjoining shorelines, AND



(2) It meets one of the following criteria regarding oil storage:



• An aboveground storage capacity of more than
660 gallons in a single container.



• A total aboveground storage capacity of more than
1,320 gallons.



• A total underground storage capacity of more than
42,000 gallons.  
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If subject to the SPCC requirements based
on the above description, your facility is
required to prepare an SPCC plan and
follow the other provisions of the SPCC
rule 40 CFR 112.3 through 112.7.



Does the SPCC plan include all the required information?



Your facility’s SPCC plan must be unique to your facility, but also must have certain elements
common to all plans (40 CFR 112.7).  Specifically, the SPCC plan must:



• Be certified by a registered professional engineer (PE)
• Be kept on site
• Have full management approval
• Conform with all SPCC requirements in 40 CFR 112.7
• Discuss spill history
• Discuss spill prediction
• Be reviewed every three years
• Be amended when a change is made at the facility and recertified by a PE 
• Include secondary containment or contingency plans
• Specify spill reporting



An inspector may review the facility’s SPCC plan to ensure that it is
certified by a registered professional engineer and that it is up-to-
date.



5.4.2 Spill Response Planning



If subject to the SPCC requirements, your facility is required to conduct an initial screening to
determine whether it is also required to develop a facility response plan (FRP).  Under the FRP
requirements, owners and operators of facilities that could cause “substantial harm” to the
environment by discharging oil into navigable water bodies or adjoining shorelines must prepare
FRPs for responding, to the maximum extent practicable, to the worst case discharge and to a
substantial threat of such a discharge of oil (40 CFR 112.20 and 112.21, including Appendices
A through F).  Facilities subject to the FRP requirements are referred to either as substantial
harm facilities or significant and substantial harm facilities.  



Tip: A sample SSPCC plan can be viewed
at
http://www.epa.gov/oilspill/sspcc/sampln.pdf
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Substantial Harm Facilities



If your facility is determined to be a substantial harm facility, it must prepare an FRP which is
submitted to EPA for review. Your facility may be identified as posing a risk of substantial
harm by one of two ways:



• Either through a self-determination process (EPA has established criteria located in 40
CFR 112.20 to assist facilities in making the determination - see below),



• Or by a determination of the EPA Regional Administrator (RA).



Self-Determination. Your facility has the potential to cause substantial harm if:



C Either the facility transfers oil over water to or from vessels and has a total oil storage
capacity, including both ASTs and USTs, greater than or equal to 42,000 gallons; 



C Or the facility’s total oil storage capacity, including both ASTs and USTs, is greater
than or equal to one million gallons and one of the following is true :



S The facility does not have secondary containment for each aboveground
storage area sufficient to contain the capacity of the largest AST within each
storage area plus freeboard to allow for precipitation;



S The facility is located at a distance such that a discharge could cause injury to
fish and wildlife and sensitive environments;



S The facility is located at a distance such that a discharge would shut down a
public drinking water intake; or



S The facility has had a reportable spill greater than or equal to 10,000 gallons
within the last five years [40 CFR 112.20 (f)(1)]. 



EPA Determination. If a self-determination is not made, EPA’s RA may determine whether
your facility may cause substantial harm.  EPA’s RA may consider factors similar to the self-
selection criteria, as well as other factors, including the type of transfer operations at a facility,
the facility's oil storage capacity, lack of secondary containment, proximity to environmentally
sensitive areas or drinking water intakes, and/or the facility's spill history.  The EPA RA will
notify your facility if EPA has determined that your facility poses a threat of substantial harm. 



Significant and Substantial Harm Facilities 
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The NCP, also called the National Oil and Hazardous
Substances Pollution Contingency Plan, is the federal plan
for responding to both oil spills and hazardous substance
releases.  See http://www.epa.gov/oilspill/ncp
for more information.



EPA is also required to identify a subset of substantial harm facilities that could cause
significant and substantial harm to the environment upon a release of oil.  In addition to the
criteria used to determine substantial harm, EPA bases its determination of significant and
substantial harm on other factors such as the age of tanks, proximity to navigable water, and
spill frequency.  Facilities are notified by EPA in writing of their status as posing significant and
substantial harm.  If your facility is notified by EPA, it must submit an FRP to EPA for review
and approval.  The RA will review the FRP and may inspect your facility for viability and
compliance with the regulations before EPA approves the plan.



If Your Facility Does Not Meet the Criteria



If your facility does not meet the “substantial harm” criteria, it does not have to prepare and
submit an FRP.  However, your facility must document this determination by completing the
“Certification of the Applicability of the Substantial Harm Criteria Checklist,” provided as 40
CFR 112, Appendix C, Attachment C-II [40 CFR 112.20(e)].  This certification should be
maintained with the facility’s SPCC plan.  



Does your facility have a facility response plan (FRP)?  



If it has been determined, either through the self-selection process or by notification from the
EPA RA, that your facility poses a threat of “substantial harm” to the environment, your facility
must prepare and submit an FRP to the appropriate EPA Regional Office.  



FRPs must:



C Be consistent with the
National Contingency
Plan (NCP) and the
Area Contingency
Plans.



C Identify a qualified individual having full authority to implement removal actions, and
require immediate communication between that person and the appropriate federal
authorities and responders.



C Identify and ensure availability of resources to remove, to the maximum extent
practicable, a worst-case discharge.
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C Describe training, testing, unannounced drills, and response actions of persons at the
facility.



C Be updated periodically.



C Be submitted for approval with each significant change.



To assist your facility in preparing an FRP, EPA has prepared and included a “model facility
response plan” see 40 CFR 112.2, Appendix F. The following is a list of key FRP elements:



• Emergency response action plan. This should be maintained as an easily accessible,
stand-alone section of the overall plan.



• Facility name, type, location, owner, and operator information.



• Emergency notification, equipment, personnel, and evacuation information.



• Identification and evaluation of potential spill hazards and previous spills.



• Identification of small, medium, and worst case discharge scenarios and response
actions.



• Description of discharge detection procedures and equipment.



• Detailed implementation plan for containment and disposal.



• Facility and response self-inspection; training; exercises; and drills; and meeting logs.



• Diagrams of facility and surrounding layout, topography, and evacuation paths.



• Security measures including fences, lighting alarms, guards, emergency cutoff valves,
and locks.



An inspector may evaluate FRP measures for their ability to
facilitate adequate response to a worst-case discharge of oil.



Was an existing response plan used or modified?











2 The initial statutory deadline for “substantial harm facilities” either to submit FRPS or to stop handling,
storing or transporting oil was February 18, 1993.  EPA’s regulatory deadline for “substantial harm facilities”
and “significant and substantial harm facilities” to submit FRPs or stop handling, storing or transporting oil
was August 30, 1994, the effective date of the FRP rule.
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EPA recognizes that many
facilities may have existing
response plans prepared to meet
other requirements.  Your facility
does not need to prepare a
separate FRP provided that your
facility’s original response plan: 



(1) Satisfies the appropriate requirements and is equally as stringent;
(2) Includes all elements described in the model plan;
(3) Is cross-referenced appropriately; and
(4) Contains an action plan for use during a discharge. 



Was the FRP prepared and submitted by the deadline?2



The time that your facility has to prepare and submit a FRP will vary depending on several
factors, including the following:



• Notification from EPA Regional Administrator:  If EPA notifies your facility that it
is required to submit an FRP, then your facility must prepare and submit a plan within
six (6) months.



• Newly Constructed Facilities: If your facility is newly constructed, it is required to
submit the FRP prior to the start of operations. After sixty (60) days, your facility must
make adjustments to the FRP to reflect changes that occur during the startup phase and
resubmit the FRP.



• Planned Facility Changes: If your facility undergoes a planned change in design,
construction, operation, or maintenance that places it in the designation of a substantial
harm facility, then it must submit an FRP prior to the start of operations of the portion of
the facility undergoing the changes.



Avoid Recreating the Wheel: EPA also recognizes
that many facilities have established SSPCC plans. 
Although response plans and prevention plans are
different, and should be maintained separately, some
sections of the plans may be the same.  Under OPA
regulations, your facility is allowed to reproduce or use
those sections of the SSPCC plan in your FRP.
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• Unplanned Facility Changes: If your facility falls under the substantial harm facility
designation because of an unplanned event or change in characteristics, then it must
submit an FRP within six (6) months of the unplanned event.



Has the FRP been maintained and updated?



Your facility must periodically review your FRP
to ensure consistency with the National Oil and
Hazardous Substances Pollution Contingency
Plan (NCP) and Area Contingency Plans
(ACPs), and update it as appropriate [40 CFR
112.20(g)]. Consequently, if your facility is
required to prepare a FRP, it must review
relevant portions of the NCP and the applicable
ACPs annually and update its FRP as
appropriate. Your facility must submit revised
portions of the FRP within 60 days of each facility
change that may materially affect (1) the response
to a worst case discharge or (2) the
implementation of the response plan.



Are appropriate FRP records maintained? 



FRP requirements not applicable: If your facility determines that the response planning
requirements do not apply, then it must certify and maintain a record of this determination using
40 CFR 112, Appendix C, Attachment C-II.  



FRP requirements applicable: If your facility is subject to the response planning
requirements, it is required to maintain the FRP at the facility.  Your facility is also required to
maintain updates to the plan to reflect material changes to the facility and to log activities such
as discharge prevention meetings, response training drills, and exercises. Your facility must
keep the records of these activities for a period of five years.



Are training and response drill requirements met? 



All facilities (i.e., “substantial harm” and “significant and substantial harm” facilities) subject to
facility response planning requirements must address training and response drills (40 CFR
112.21).  FRPs must include (1) information about self-inspection drills, exercises, and
response training, including descriptions and logs of training and drill or exercise program; and



Area Contingency Plans (ACPs)
include detailed information about
resources (e.g., equipment and trained
response personnel) available from the
government agencies in the area.  They
also describe the roles and
responsibilities of each responding
agency during a spill incident.  Your
facility can order copies of ACPs from
the National Technical Information
Service (NTIS) by calling 1-800-553-
6847.  To obtain the NTIS ordering
number for your area’s ACP, first call
the RCRA/UST, Superfund and EPCRA
Hotline at 1-800-424-9346 or 703-412-
9810.
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The PREP guidelines booklet (USCG-X0191)
and the Training Reference for Oil Spill
Response (USCG-X0188) are available by mail
or fax:



TASC Department Warehouse
3341Q 75th Avenue
Landover, MD 20785
FAX: (301) 386-5394



When requesting copies, please indicate the
document name(s) and publication number(s).



(2) documentation of tank inspections, equipment inspections, response training meetings,
response training sessions, and drills and exercises [40 CFR 112.20(h)(8)].  Consequently,
FRPs may be revised based on evaluations of the drills and exercises.



Oil spill response training is an important element in EPA’s oil spill prevention and preparedness
efforts.  Because operator error is often the cause of an oil spill, training and briefings are
critical for prevention of a spill as well as response to a spill.  Training encourages up-to-date
planning for the control of, and response to, an oil spill and also helps to sharpen operating and
response skills, introduces the latest ideas and techniques, and promotes interaction with the
emergency response organization and familiarity with the facility’s SPCC and FRP plans.   



Your facility is also required to develop
and implement a program of response drills
and exercises, including evaluation
procedures to test the effectiveness of your
response plan.  A program that follows the
National Preparedness for Response
Exercise Program (PREP) will meet EPA’s
exercise requirements.  An alternative
program can also be acceptable if
approved by the EPA RA.



5.4.3 Spill Notification and Recovery



Are oil spills reported as required?



Though not common, your ship
scrapping facility may experience
accidental discharges of oil to U.S.
waters or land while performing daily
activities.  Your facility is required to
report discharges of oil to navigable waters or adjoining shorelines in quantities that may be
harmful to public health or welfare or the environment (40 CFR 110).  EPA has determined
that discharges of oil in quantities that may be harmful include those that:



C Violate applicable water quality standards;



C Cause a film or “sheen” upon, or discoloration of, the surface of the water or adjoining
shorelines; or 



Defining discharge. “Discharge” means any
spilling, leaking, pumping, pouring, emitting,
emptying or dumping [CWA Section 311(a)(2)].
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C Cause a sludge or emulsion to be deposited beneath the surface of the water or upon



adjoining shorelines.



If there is such a discharge from a ship or the onshore facility that may reach waters or
adjoining shorelines or land areas that may threaten waterways, your facility owner or operator
must:



(1) Call the National Response Center at 1-800-424-8802 or 703-412-9810
(Washington, D.C. area);



(2) Contact the nearest U.S. Coast Guard (USCG) or EPA regional office spill line ;
and 



(3) Report the spill to the state regulatory agency where the spill occurred.  Note:
States and local government may have specific spill reporting requirements for facilities. 
For example, a facility may be required to report all spills meeting certain quantity
thresholds, even if the spill does not leave a contained area within the facility. Check
with your state and local regulatory agencies for their specific spill reporting
requirements. 



In addition, the owner or operator of your facility must submit, in writing, certain information
(including the SPCC Plan) to the EPA Regional Administrator within 60 days, if the release
meets either of the following conditions: (1) either a single discharge of more than 1,000
gallons of oil; or (2) two reportable spills/discharges of oil in harmful quantities, during any 12-
month period, into or upon navigable waters, shorelines, etc.



If your facility has an NPDES permit and the discharge causes your facility to be out of
compliance with the permit requirements, then your facility must report the occurrence to your
permitting agency within 24 hours of becoming aware of a violation, and provide a written
submission within 5 days. 



Is all required information provided to the National Response Center?



When your facility contacts the National Response Center (NRC), the
center staff person will ask for the following information:



? Your name, location, organization, and telephone number.
? Name and address of the party responsible for the incident.



?
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? Date and time of the incident.
? Location of the incident.
? Source and cause of the release or spill.
? Types of material(s) released or spilled.
? Quantity of materials released or spilled.
? Danger or threat posed by the release or spill.
? Number and types of injuries.
? Weather conditions at the incident location.
? Any other information that may help emergency personnel respond to the incident.



The NRC records and maintains all spill reports in a computer database called the Emergency
Response Notification System (ERNS), which is available to the public
(http://www.epa.gov/ERNS).  The NRC relays the spill information to the EPA and USCG,
depending on the location of the incident.  Specifically, the NRC notifies representatives of
EPA or the USCG, known as On-Scene Coordinators (OSCs).  The OSC is the federal
official charged with directing a spill response through the Unified Command/Integrated
Command System adopted by EPA and USCG.  This intergovernmental coordinating system
encourages, wherever possible, shared decision making by the federal lead response agency
(EPA or USCG), the state(s) and the party responsible for the discharge/release. 



Is the facility prepared for an effective response to an oil spill?



The first and most immediate response to an oil spill is by your facility personnel.  For this
reason, facility response personnel must know the location, capabilities, and operating
instructions of response equipment to attempt an effective oil recovery.  For more information,
visit EPA’s Oil Program at http://www.epa.gov/oilspill/.



C SPCC/FRP regulated facilities (or substantial harm facilities): Within the SPCC-
regulated community, facilities that may cause substantial harm to the environment or
exclusive economic zone, based on the quantity and location of their oil storage, must
prepare facility response plans (FRPs) to ensure that these facilities have the capability
to response to worst case scenario discharges (40 CFR 112.20-21).  FRPs greatly
assist the facility and response agencies to expedite and coordinate cleanup efforts.



C Other SPCC-regulated facilities: It is recommended that all other facilities in the
SPCC-regulated community be prepared to respond to a spill by identifying control and
response measures in their SPCC plans.  Every facility should have appropriate spill
response equipment available and easily accessible.  A spill kit, which should be keep
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close at hand, should contain absorbent pads and booms, disposal containers or bags,
shovels, an emergency response guidebook, a fire extinguisher, and a portable pump. 
It is also recommended that facilities coordinate with local responders, other nearby
facilities, and contractors before a spill occurs to ensure an efficient and effective
response.  Facility personnel, including seasonal employees, must participate in spill
response, notification, and oil recovery training courses.  Being prepared to respond
reduces the impact of a discharge on human health or the environment and minimizes
cleanup costs and fines resulting from improper notification.



C First response: In the event of an oil spill, the response plan is immediately activated. 
The OSC will activate local, area, regional, or national plans depending on the nature of
the spill and the response capability of the facility.  



C On-scene coordinators : The designated OSC from EPA or USCG is responsible for
determining how to respond to the spill, i.e., determining the resources, both personnel
and equipment needed.  The OSC does this based on his/her assessment of several
factors, including the following: the magnitude and complexity of the spill; the availability
of appropriate response equipment and trained personnel; and the ability of the
responsible party, or local and/or state responders to respond to the spill.



Although the OSC is responsible for coordinating federal efforts with local, state and
regional response efforts, in practice the role of the OSC varies.  Depending on the
OSC’s assessment, he/she may do the following: direct the response; direct the
response in cooperation with other parties; oversee that the response is conducted by
other parties; provide limited or periodic oversight; or determine that a federal response
is not needed.



For example, small spills may be cleaned up by the facility (or responsible party) or by
local response agencies, while larger spills may require regional response efforts.  In
either cases, the OSC is required to oversee and monitor the spill response to make
sure that all appropriate actions to prevent threats to human health or the environmental
are taken.  If, however, a facility is handling a smaller spill adequately, the OSC may
not go to the site.



C Oil recovery: For federal-led cleanups, the OSC, response teams, and a network of
experienced agencies will decide on the most effective method of cleanup (see below). 
For potentially responsible part (PRP)-led cleanups, cleanup efforts are carefully and
efficiently coordinated to protect response personnel, recreational areas, drinking water
reservoirs, and wildlife from the potentially catastrophic effects of an oil spill. 
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What oil recovery methods are used at the facility?



There are a number of advanced response methods available for controlling oil spills and
recovering oil while minimizing their impacts on human health and the environment (see 
http://www.epa.gov/oilspill/oiltech.htm).  The key to effectively combating spills is careful
selection and proper use of equipment and materials best suited to the type of oil and the
conditions at the spill site. Most spill response equipment and materials are greatly affected by
such factors as conditions at sea, water currents, and wind.



Some kinds of response methods include:



• Mechanical containment or recovery is the primary line of defense against oil spills
in the United States. Containment and recovery equipment includes a variety of booms,
barriers, and skimmers, as well as natural and synthetic sorbent materials.  Mechanical
containment is used to capture and store the spilled oil until it can be disposed of
properly. 



• Chemical and biological methods  can be used in conjunction with mechanical means
for containing and cleaning up oil spills. Dispersants and gelling agents are most useful in
helping to keep oil from reaching shorelines and other sensitive habitats. Biological
agents have the potential to assist recovery in sensitive areas such as shorelines,
marshes, and wetlands.  Research into these technologies continues to improve oil spill
cleanup.



• Natural processes such as evaporation, oxidation, and biodegradation can start the
cleanup process, but are generally too slow to provide adequate environmental
recovery. 



• Physical methods , such as wiping with sorbent materials, pressure washing, and
raking and bulldozing, can be used to assist the natural processes.  Scare tactics are
used to protect birds and animals by keeping them away from oil spill areas. Devices
such as propane scare-cans, floating dummies, and helium-filled balloons are often
used, particularly to keep away birds. 
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6.  PAINT REMOVAL AND DISPOSAL



This section will address the removal and disposal of paints and other preservative coatings
prior to metal cutting.  Please note that in the context of ship scrapping, the removal of paints
prior to cutting may, in certain circumstances, not be necessary.  However, in those situations
where it is necessary, there are specific requirements that must be followed.  In addition, the
removal of paints generates waste that must be managed and disposed of according to the
appropriate solid waste and/or hazardous waste regulations.



6.1 INFORMATION ABOUT PAINTS AND PAINT REMOVAL



What types of paint and coatings are found on ships?



Paint and preservative coatings can be found on both interior and exterior surfaces of a ship. 
Particularly on older ships, paint may be flammable or may contain toxic compounds, such as
polychlorinated biphenyls (PCBs), heavy metals (e.g., lead, barium, cadmium, chromium, and
zinc), and pesticides.  Lead compounds, such as red lead tetraoxide (Pb3O4) and lead
chromate, have been used extensively in marine paint.  In general, metal-based paints, some
containing as much as 30 percent heavy metals, were intended to protect ship surfaces from
corrosion due to exposure to the elements.  Other paints containing pesticides, such as tributyl
tin and organotin, have been used on the hulls of ships to prevent the buildup of sea organisms
(e.g., bacteria, protozoa, barnacles, and algae).



Methods used to remove paints and coatings



Paints and coatings are typically removed using one of these three methods: 



• Chemical stripping. Chemical stripping basically involves using solvents, such as
methyl ethyl ketone and 1,1,1-trichloroethane, to remove the paint or coating. 
Solvents, which may be toxic or flammable, can be sprayed, wiped, or brushed on the
surface and then removed, along with the paint or coating, using rags or wipes. Wastes
generated from chemical stripping include contaminated or spent solvent, solvent
residue or sludge, solvent-contaminated wipes/rags, and waste paint. 



• Abrasive blasting.  Using this method, paints and coatings are removed by blasting a
surface with abrasives, such as copper slag, coal slag, steel grit, mineral grit, and steel
shot.  Blasting generates large amounts of dust, abrasive waste, and paint chips.











A Guide for Ship Scrappers:
Tips for Regulatory Compliance 6-2 Paint Removal and Disposal



• Mechanical removal.  This involves the use of power tools or  flame to remove paints
and coatings.  The use of power tools, such as grinders, wire brushes, sanders, chipping
hammers, needle guns, rotary peening tools, and other impact tools, generates waste
such as dust and paint chips.  Flame can also be used to remove certain paints or
hardened preservative coatings, however, it should not be used on greasy or soft
preservative coatings, or paints containing PCBs (see box).



The human health and environmental impacts associated with removing paints
and coatings



Chemicals and solvents used in stripping
paints or coatings emit volatile organic
compounds (VOCs) and hazardous air
pollutants (HAPs) to the atmosphere. Other
removal methods (e.g., mechanical removal,
abrasive blasting) generate dust, particulate
matter, and emissions containing lead and
other contaminants.  These pollutants are hazardous to human health, potentially causing acute
and chronic toxic effects in workers and possibly causing cancers.  For example, lead can
cause poisoning and long-term damage to the central nervous system.  Though they can be
absorbed and ingested, the main pathway of concern for these pollutants is inhalation. 



Wastes (e.g., blasting residue, paint chips) generated from paint removal can have negative
impacts on the environment if they are not properly contained and disposed of.  If not contained
by engineering controls, lead and other compounds from the waste may be discharged into
nearby surface waters or may contaminate the soil at a facility. 



6.2 WHO REGULATES PAINT REMOVAL AND DISPOSAL ACTIVITIES?



The activities associated with the removal and disposal of paint and other coatings are regulated
because of their potential to release toxic pollutants, thereby potentially endangering both
human health and the environment. 



• EPA.  EPA regulates paint removal and
disposal activities through the Clean Air
Act (CAA) and the Resource
Conservation and Recovery Act
(RCRA). Facilities that emit regulated
amounts of air pollutants must obtain the appropriate permit and comply with all



Tip: Paints containing PCBs cannot be
removed with a torch or flame.  This is
considered open burning and is prohibited.
Only non-thermal methods can be used to
remove paints containing PCBs. 



Note: If paint contains PCBs, it may be
regulated under the Toxic Substances
Control Act (TSCA) at 40 CFR 761.
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emissions requirements (40 CFR 50-99).  Under RCRA’s hazardous waste regulations
(40 CFR 261-270), facilities that generate hazardous waste (e.g., paint chips containing
heavy metals, spent solvents) must meet accumulation, manifesting, and recordkeeping
requirements.  Some of these are discussed in more detail in the next section.



• OSHA.  OSHA is responsible for ensuring that workers are not at risk or in danger
when conducting surface preparation activities.  OSHA regulations include specific
requirements or procedures for surface preparation activities, specifically to protect the
health of workers (29 CFR 1915).  These and other worker safety requirements are
described in the following section.



6.3  PAINT REMOVAL ACTIVITIES



Worker exposure limits



During paint removal activities, your facility must ensure that workers are not exposed to any
listed contaminant in excess of the permissible exposure limit (PEL) (20 CFR 1915 (Subpart
Z)).  For lead, which is commonly found in paint, the PEL is 50 Fg/m3 of air averaged over an
eight-hour work day.  The action level is 30 Fg/m3 of air, also based on an eight-hour work
day.  The action level triggers several requirements such as exposure monitoring, medical
surveillance, and training and education (29 CFR 1915.1025). 



Your facility can control a worker’s exposure by using engineering controls, work practices,
and/or administrative controls.  However, if exposure cannot be reduced to or below the PEL
through the use of such control or practices, your facility must provide personal protective
equipment including, but not limited to, respiratory protection.



Have paints and coatings been tested to determine if they are flammable?



Before cutting a surface covered by a paint or
preservative coating, your facility is required to
know the flammability of that coating.  If not
known, your facility’s competent person (see
Section 6.3, Measures used to protect worker’s
health during paint removal activities, for definition)
must conduct a test to determine the coating’s
flammability  [29 CFR 1915.53(b)]. 



Is it highly flammable? Paints and
preservative coatings are considered
to be highly flammable when
scrapings burn with extreme rapidity
[29 CFR 1915.53(b)].
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An inspector may review your facility’s records to verify that tests
were conducted to determine if coatings were flammable.



Highly flammable paints and coatings must be removed prior to metal cutting



When paints and hardened preservative coatings are determined to be highly flammable, they
must be removed from the area to be heated (i.e., cut) to prevent ignition.  In the case of ship
scrapping, these coatings may be burned away under controlled conditions.  As a precaution,
your facility must have a 1½ inch or larger tire hose with a fog nozzle, which has been uncoiled
and placed under pressure, available for instant use in the immediate vicinity [29 CFR
1915.53(c)].   



An inspector may verify that highly flammable coatings have  been
removed prior to cutting. 



Have paints and coatings been tested to determine if they are toxic?



Your facility may conduct tests to determine whether paints and coatings are toxic.  If it
chooses not to conduct such tests, your facility should assume that all paints and coatings are
toxic.  If testing is used to determine the presence and concentrations of toxic metals, it should
consist of, but is not limited to, collecting random and representative bulk samples of suspect
coatings.  Samples should be analyzed in accordance with the Test Methods for Evaluating
Solid Waste, Physical and Chemical Methods (SW-846, 3rd Edition, U.S. Environmental
Protection Agency, 1986) for the appropriate metal.



Removing toxic paints and coatings in enclosed spaces



If surfaces in an enclosed space are covered with toxic paints and preservative coatings and will
be cut, your facility must take one of the following actions [29 CFR 1915.53(d)(1)]:



• Strip all toxic paints and coatings for a distance of at least 4 inches (10 centimeters)
from the area to be heated (i.e., cut); or
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• Ensure that, during the cutting, workers are protected by approved air line respirators.
This requirement is discussed in more detail in Section 7. Metal Cutting and Metal
Disposal. 



Measures used to protect worker health during paint removal activities



There are several measures that can be used to safeguard the health of employees exposed to
solvents and chemicals used to prepare surfaces for cutting.  These measures are not required
under OSHA regulations for ship scrapping (they are required for shipbuilding and ship repair),
however, they can be implemented by your ship scrapping facility as best management
practices.



When using stripping techniques to remove paints:



• For chemical paint and preservative removers . Workers should be protected
against all skin contact during handling and application of these removers.  Additionally,
workers should be protected against eye injury by goggles or face shields using
approved personal protective equipment (PPE) (29 CFR 1915.33).   When using
chemical paint and preservative removers which contain volatile or toxic solvents (e.g.,
benzol, acetone, amyl acetate) or are flammable, your facility should follow the
provisions described below.



• For toxic solvents.  When toxic solvents (e.g., benzol, acetone, amyl acetate) are
used, your facility can completely enclose the area to prevent the escape of vapor into
the working space.  Either natural ventilation or mechanical exhaust ventilation can be
used to remove the vapor at the source and dilute the concentration of vapors in the
working space to a concentration that is safe (i.e., below the PEL) for the entire work
period.  Workers should be protected against toxic vapors from these solvents by
wearing approved respiratory protective equipment.  They should also be protected
against exposure of skin and eyes to contact with toxic solvents and their vapors by
suitable clothing and equipment (29 CFR 1915.32).  If flammable solvents are used,
your facility should also use the protective measures described below.



• For flammable liquids .  If flammable liquids, including flammable solvents or
removers, are used to remove coatings, your facility should take additional precautions.
For example, your facility should provide ventilation so that the concentration of vapors
is below 10 percent of their lower explosive limit.  This concentration should be
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determined and monitored by your
facility’s competent person.
Additionally, your facility should keep
scrapings and rags soaked with
flammable solvents in a covered metal
container; use only explosion proof
lights; and keep fire extinguishing
equipment immediately available in the
work area (29 CFR 1915.36).  



When using abrasive blasting to
remove paints:



• Equipment. When blasting, your
facility should use equipment (e.g.,
hoses and fittings) that meets the following requirements.  Hoses should be of a type to
prevent shocks from static electricity.  Hose lengths should be joined by metal couplings
secured to the outside of the hose to avoid erosion and weakening of the couplings. 
Nozzles shall be attached to the hose by fittings that will prevent the nozzle from
disengaging by accident, and nozzle attachments should be metal and fit onto the hose
externally.  A dead-man control at the nozzle should either provide direct cutoff or
signal the operator to cut off the flow.  Your facility should frequently inspect hoses and
all fittings used for abrasive blasting to ensure timely replacement before an unsafe
amount of wear has occurred.



• Worker PPE. Your facility should protect workers (referred to as abrasive blasters)
conducting blasting in enclosed spaces by hoods and air-fed respirators or by positive-
pressure air helmets.  Abrasive blasters working in the open could use filter-type
respirators when synthetic abrasives containing less than 1 percent free silica are being
used.  Workers other than blasters, including machine tenders and the abrasive
recovery team, should use eye and respiratory protective equipment in areas where
unsafe concentrations of abrasive materials and dusts are present [29 CFR
1915.34(c)].



When using mechanical removers to remove paints:



• Power tools.  To protect against eye injuries, workers using power tools should be
required to wear goggles or face shields.  Portable electric tools should be grounded,



Who is a “competent person”? 
A competent person is a person who is
capable of recognizing and evaluating worker
exposure to hazardous substances or to
other unsafe conditions and is capable of
specifying the necessary protection and
precautions to take to ensure worker safety. 
Your facility may designate any person who
meets the requirements found in 29 CFR
1915.7 to be a competent person
responsible for performing testing in certain
situations (29 CFR 1915.7).  The facility may
use a Marine Chemist, or in some cases, a
certified industrial hygienist to perform the
same activities as a competent person.  
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and portable rotating tools should be adequately guarded to protect all workers from
flying missiles [29 CFR 1915.34(a)].



• Flame removal. Your
facility should not allow
hardened preservative
coatings to be removed by
flame in enclosed spaces
unless workers exposed to
the fumes are protected by
air line respirators.  Additionally, workers performing this operation in the open air, and
those exposed to the resulting fumes, should be protected by fume filter type respirators
[29 CFR 1915.34(b)].  



An inspector may review surface preparation activities at the
facility to verify that measures are being taken to protect worker
health. 



Air permit requirements



Ship scrapping activities, including surface preparation, will generate air pollutants subject to
regulation under the Clean Air Act (CAA).  Specifically, the use of solvents to strip coatings
may result in the release of volatile organic compounds and hazardous air pollutants to the
atmosphere. Because small quantities of solvent are used overall, these emissions are not likely
to be of sufficient magnitude to have appreciable ambient air quality impacts.  Likewise, the use
of grit blasting medium would generate particulate matter, most of which would be larger than
10 microns and, thus, not regulated under the CAA.  The regulated portion of the particulate
matter (i.e., smaller than 10 microns) is not likely to cause ambient air quality impacts.  



If your facility emits regulated amounts of air pollutants, your facility must obtain the appropriate
operating or preconstruction permit and comply with all emissions requirements set forth in that
permit. Contact EPA or your state or local air pollution control authority for more information
about air permit requirements.  



If a permit has been issued by EPA or the state or local air
pollution control authority, an inspector may evaluate the facility for
compliance with the specific permit conditions. 



6.4 MANAGING AND DISPOSING OF PAINT REMOVAL WASTES



Tip: If your facility burns away flammable coatings,
it is required to have a 1.5 inch (3.75 centimeter) or
larger fire hose with a fog nozzle, which has been
uncoiled and placed under pressure, immediately
available for instant use [29 CFR 1915.53(c)].











A Guide for Ship Scrappers:
Tips for Regulatory Compliance 6-8 Paint Removal and Disposal



The removal of paints and coatings, regardless of the process used, will generate wastes that
must be managed and disposed of.  Your facility must implement procedures to ensure that all
wastes are contained and stored in a manner that will prevent their release into the environment.



Does your facility have a storm water permit?



Your facility may be required to obtain a
National Pollutant Discharge Elimination
System (NPDES) permit for its storm
water discharges.  Typically, storm
water discharge associated with
industrial activity must be covered by an NPDES permit.  The term “storm water discharge
associated with industrial activity” means any discharge from a conveyance which is used for
collecting and conveying storm water and is directly related to storage areas at an industrial
facility.  There are 11 categories of facilities considered to be engaged in industrial activity as
defined in 40 CFR 122.26; one of which includes ship scrapping facilities.  Contact EPA or
your state regulatory agency for more information regarding NPDES storm water permitting
requirements.



An inspector may review your facility storm water permit to ensure that
your facility is meeting all of the requirements of that permit. 



Measures or controls used to prevent or minimize storm water pollution



If your facility is required to obtain an NPDES storm water permit, it will likely be required to
prepare and implement a storm water pollution prevention plan (SWPPP). Each plan is facility-
specific because every facility is unique in its source, type and volume of contaminated storm
water discharges.  Regardless of the variations, all plans must include several common
elements, such as a map and site-specific considerations.  Additional elements include: 



• Facility size and location
• A description of the volume of storm water and pollutants that could potentially be



discharged
• Hydrogeology
• Environmental setting of each facility
• Predicted flow of storm water discharges



The term “storm water” includes storm water
runoff, snow melt runoff, and surface runoff and
drainage [40 CFR 122.26(b)(13)].
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• Climate



As part of your plan, your facility must address how it will develop and use general and specific
measures and controls (e.g., best management practices) to prevent or minimize pollution from
storm water.  One such measure may be to prevent storm water from coming in contact with
wastes, including paint removal wastes. 



Additionally, your facility’s SWPPP must address how the facility will complete the following
activities: develop a pollution prevention (P2) team; train employees; conduct inspections and
evaluations; test outfalls; and perform recordkeeping. 



An inspector may review your facility’s SWPPP to ensure that it
addresses all of the required elements.  He/she may also review
the waste storage area to ensure that your facility is taking
appropriate measures to prevent storm water from coming into
contact with wastes, including paint removal wastes.



Are paint removal wastes hazardous?



If your facility prepares surfaces for cutting, it is most
likely generating hazardous waste, which is regulated
under the Resource Conservation and Recovery Act
(RCRA).  Wastes that may be hazardous include
contaminated or spent solvents; solvents that have
become contaminated or have deteriorated due to
improper storage or handling; solvent residues and
sludges; solvent-contaminated rags; abrasive residues;
and paint chips.



To be considered “hazardous waste,” materials must first meet EPA’s definition of “solid
waste.”  Solid waste is discarded material, such as garbage, refuse, and sludge, and it can
include solids, semisolids, liquids, or contained gaseous materials.  Solid wastes that meet the
following criteria are considered hazardous and subject to RCRA regulations 40 CFR Part 261:



• Listed waste.  Waste is considered hazardous if it appears on one of four lists of
hazardous wastes published in 40 CFR 261 Subpart D.  Currently, more than 400
wastes are listed.  Wastes are listed as hazardous because they are known to be
harmful to human health and the environment when not properly managed. Even when
properly managed, some listed wastes are so dangerous that they are called “acutely



Tip: Paint waste that contains
PCBs may also be regulated as a
TSCA waste under 40 CFR 761. 
Some states regulate PCBs
under their state RCRA programs
and may have their own waste
code for PCBs (even though there
is no federal TSCA or RCRA
waste code for PCBs).
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hazardous wastes.” Examples of acutely hazardous wastes include wastes generated
from some pesticides that can be fatal to humans even in low doses.  



• Characteristic waste.  If waste does not appear on one of the hazardous waste lists, it
still might be considered hazardous if it demonstrates one or more of the following
characteristics:



S Ignitable:  Ignitable wastes can create fire under certain conditions (e.g.,
temperature, pressure) or are spontaneously combustible (40 CFR 261.21). 
Examples include certain used paints, degreasers, oils and solvents.



S Corrosive:  Corrosive wastes are acids or bases that are capable of corroding
metal, such as storage tanks, containers, drums, and barrels (40 CFR 261.22). 
Examples include rust removers, acid or alkaline cleaning fluids, and battery
acid.



S Reactive:  Reactive wastes are unstable and explode or produce toxic fumes,
gases, and vapors when mixed with water (40 CFR 261.23).  Examples
include lithium-sulfide batteries and explosives.



S Toxic:  Toxic wastes are harmful or fatal when ingested or absorbed, or leach
toxic chemicals into the soil or groundwater when disposed of on land (40 CFR
261.24).   Examples include wastes that contain high concentrations of heavy
metals, such as cadmium, lead, or mercury.  



If your facility generates hazardous waste, what is your generator category?



Determining toxicity: A facility can determine if its waste is toxic by having it tested
using the Toxicity Characteristic Leaching Procedure (TCLP), or by process
knowledge.  TCLP can be done at a local certified laboratory.  It is designed to
replicate the leaching process and other effects that occur when wastes are buried in
a typical municipal landfill.  If the waste contains any of the regulated contaminants at
concentrations equal to or greater than the regulatory levels, then the waste exhibits
the toxicity characteristic. Process knowledge is detailed information on wastes
obtained from existing published or documented waste analysis data or studies
conducted on hazardous wastes generated by similar processes. For example, EPA’s
lists of hazardous  wastes in 40 CFR Part 261 (as discussed above) can be used as
process knowledge.  
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Rough Guide
• 27 gallons (about half of a 55-gallon drum) of



waste with a density similar to water weighs
about 220 pounds (100 kg).



• 270 gallons of waste with a density similar
to water weighs about 2,200 lbs (1,000 kg).



Determining your generator category. Your facility’s hazardous waste generator category is
determined by the amount of hazardous waste that it generates each month (40 CFR 261). 
There are three federal categories of hazardous waste generators:



• Conditionally exempt small quantity generator (CESQG). CESQGs generate
#220 pounds (100 kg) of hazardous waste per month or #220 pounds of spill cleanup
debris containing hazardous waste per month. CESQGs have no maximum on-site time
limits for storage, but cannot accumulate more than 2,200 lbs. (1,000 kg) of
hazardous waste onsite.  If a CESQG accumulates more than this amount, it becomes
an SQG or LQG.  



• Small quantity generator (SQG). SQGs generate >220 pounds (100 kg) and
<2,200 pounds (1,000 kg) of hazardous waste per month or  >220 pounds and
<2,200 pounds of spill cleanup debris containing hazardous waste per month. SQGs
may accumulate no more than 6,000 kg of hazardous waste in storage, which may be
stored on site for no more than 180 days (or no more than 270 days if the
treatment/disposal facility is more than 200 miles away).  If an SQG accumulates more
than the specified amount, it becomes an LQG.  



• Large quantity generator (LQG). LQGs generate $2,200 pounds (1,000 kg) of
hazardous waste per month or $2,200 pounds of spill cleanup debris containing
hazardous waste per month. LQGs may accumulate any amount of hazardous waste for
no more than 90 days.



Adding waste quantities.  To determine which category applies to your facility, your facility
must count all quantities of listed and characteristic hazardous wastes.  This includes wastes that
are, during a one month period: (1)
generated and collected at your facility
prior to treatment or disposal; and (2)
packaged and transported off site.



Many hazardous wastes are liquids and
are measured in gallons, not pounds.  To
approximate the number of pounds of



Facilities that generate 2.2 pounds or less of acutely hazardous wastes per month are
classified as CESQGs, whereas facilities that generate more than 2.2 pounds of acutely
hazardous wastes per month are classified as LQGs. 
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liquid your facility has, multiply the number of gallons by 8.3 (because a gallon of water weighs
8.3 pounds and many liquids have a density similar to water). 



When adding up all the hazardous wastes generated, keep in mind that your facility does NOT
have to count the following:



• Wastes that are left on the bottom of containers that have been emptied by conventional
means (i.e., pouring or pumping) and where no more than 2.5 cm (1 inch) of residue
remains in the bottom of the container or no more than 3 percent by weight of the total
capacity of the container remains in the container if the container is less than or equal to
110 gallons in size. 



• Residues in the bottom of storage tanks, if the residue is not removed (i.e., residues left
in the bottom of the storage container are not counted as long as they are not removed
when the tank is refilled).



• Wastes that are reclaimed continuously on site without storing the waste prior to
reclamation.



  
• Wastes that have already counted once during the calendar month, and treated on site



or reclaimed in some manner and used again.



• Wastes that are directly discharged to a municipal treatment plant or POTW without
being stored or accumulated first.



C Waste oil that meets the criteria for used oil and is to be managed and handled as used
oil (40 CFR 279).



C Scrap metal that is recycled [40 CFR 261.6(a)(3)].



If your facility is a CESQG, does it meet all applicable requirements?



As a CESQG, your facility’s requirements are quite simple.  There are three basic hazardous
waste management requirements that apply to CESQGs:



• Identify all hazardous and acutely hazardous wastes (40 CFR 262.11).  For help in
identifying hazardous wastes, call EPA or your state regulatory agency; a consultant; a
licensed transporter; or the RCRA/UST, Superfund and EPCRA hotline at 703-412-
9810 or 1-800-424-9346.
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An inspector may review your facility’s waste
determinations and any analytical data.



• Do not generate more than 220 lbs. (or 100 kg) per month of hazardous waste or more
than 2.2 lbs. (1 kg) per month of acutely hazardous waste (this includes any wastes
your facility has shipped off  site for disposal during that month); and never store more
than 2,200 lbs. (1,000 kg) of hazardous waste or 2.2 lbs. of acutely hazardous waste
for any period of time.  



An inspector may evaluate the total volume of waste on site
at the time of the
inspection and verify that it is within the limits for your
facility’s generator category. 



• Ensure proper disposal of your hazardous waste.  For CESQGs, proper treatment and
disposal of hazardous wastes are fairly simple.  It involves ensuring that the waste is
shipped to one of the following facilities:



– A state or federally regulated hazardous waste management treatment, storage,
or disposal facility (if your facility’s waste is hazardous).



– A facility permitted, licensed, or registered by a state to manage municipal or
industrial solid waste.



– A facility that uses, reuses or legitimately recycles the waste (or treats the waste
prior to use, reuse, or recycling).



Self-transporting hazardous waste.  CESQGs are allowed to transport their own
wastes to the treatment or storage facility, unlike SQGs and LQGs which are required
to use a licensed, certified transporter.  While there are no specific RCRA requirements
for CESQGs who transport their own wastes, DOT requires all transporters of
hazardous waste to comply with all applicable DOT regulations.  Specifically, DOT
regulations require all transporters, including CESQGs, transporting hazardous waste
that qualifies as DOT hazardous material to comply with EPA hazardous waste
transporter requirements see 40 CFR 263. 











A Guide for Ship Scrappers:
Tips for Regulatory Compliance 6-14 Paint Removal and Disposal



As a CESQG, your facility is not
required by federal laws to train its
employees on hazardous waste handling
or emergency preparedness, however, it
is strongly advised. 



Your facility must comply with the above
requirements to retain its CESQG status, and remain exempt from the more stringent hazardous
waste regulations that apply to SQGs and LQGs.  Though not required, it is recommended that
your facility follow the waste storage and handling requirements for SQGs to minimize the
possibility of any leaks, spills, or other releases that potentially could cause economic hardship
to your facility.  States may have more stringent and/or different requirements, so contact your
state hazardous waste agency for these requirements.



If your facility is an SQG or LQG, does it meet all applicable requirements? 



If your facility determines, based on the amount of waste generated, that it is an SQG or LQG,
it must comply with a variety of requirements covering the storage and handling, treatment, and
disposal of the hazardous waste, from generation to final disposal.  These requirements include:



• Waste identification. As a generator, your facility must determine whether wastes are
hazardous using the hazardous waste identification process (40 CFR 261).  For
assistance, call EPA or your state regulatory agency; a consultant; a licensed
transporter; or the RCRA/UST, Superfund and EPCRA hotline at 703-412-9810 or
1-800-424-9346.



An inspector may review your facility’s waste
determinations and any analytical data.



• EPA identification number.  An EPA hazardous waste generator identification
number must be entered on all hazardous waste manifests (40 CFR 262.12). For
assistance in obtaining a hazardous waste generator identification number (EPA form
8700-12 “Notification of Hazardous Waste Activity”), your facility may contact EPA
or the state regulatory agency. 



Tip: Keep in mind that your employees
responding to releases of hazardous substances
and hazardous wastes are required to be trained
under OSHA’s Hazardous Waste Operations and
Emergency Response (HAZWOPER)
requirements see 29 CFR 1910.120.
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• Accumulation and storage limits. Onsite accumulation (storage) limits are based on
the total weight of hazardous waste that can be accumulated at any time at your facility
before it must be shipped off site (40 CFR 262.34). 



An inspector may evaluate the total volume of waste on site
at the time of the inspection and verify that it is within the
limits for your facility’s generator category (e.g., SQG or
LQG). 



• Container management. Your facility can store hazardous waste in 55-gallon drums,
tanks, or other suitable containers, and it must comply with rules intended to protect
human health and the environment and reduce the likelihood of damages or injuries
caused by leaks or spills (40 CFR 265).  



An inspector may look at all hazardous waste on site noting
the size and type of containers, their condition, and whether
they are closed and protected from the weather. He/she may
check the labels on the containers for the words “hazardous
waste,” and verify that the date information is complete on
the label.  The inspector may also check the containment for
cracks or leaks.



• Personnel training. Proper waste
handling can save your facility money in
waste treatment and disposal and in lost
time due to employee illness or accidents. 
Your facility must train its employees on the
procedures for properly handling
hazardous waste, as well as on emergency
procedures [40 CFR 262.34(a)].  For
LQGs, the training must be formalized and
be completed by employees within six
months of accepting a job involving the handling of hazardous waste, and your facility is
required to provide annual review of the initial training.  



An inspector may check personnel records to determine
when hazardous waste duties were assigned and if proper
training was provided by your facility.



Keep in mind that employees who are
responding to releases of hazardous
substances or waste are also required
to be trained under OSHA’s Hazardous
Waste Operations and Emergency
Response (HAZWOPER) requirements
see 29 CFR 1910.120, in addition to
EPA’s hazardous waste management
training.
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• Contingency planning, emergency procedures, and accident prevention. If an
LQG, your facility is required to have a written contingency plan.  If an SQG, your
facility must have basic contingency procedures in place.  Although a written
contingency plan is not federally required for SQGs or CESQGs, it is strongly
recommended.  It is also important to check with your state and local authorities for any
additional contingency plan or emergency preparedness requirements (40 CFR 262). 



An inspector may review your facility’s contingency plan or
basic contingency procedures, and ask about any incidents
requiring implementation of the plan or procedures.



• Hazardous waste shipment labeling and placarding. When your facility prepares
hazardous wastes for shipment, it must put the wastes in properly labeled containers
that are appropriate for transportation according to the DOT regulations (40 CFR
262). 



 
• Reporting and recordkeeping requirements. Your facility is required to meet



various reporting and recordkeeping requirements as part of your hazardous waste
management activities.  Reports include the following:  



 
S Manifest form.  The Uniform Hazardous Waste Manifest Form (EPA Form



8700-22) is a multi-copy shipping document that reports the contents of your
shipment, the transport company used, and the treatment/disposal facility
receiving the wastes (40 CFR 262.20).  Your facility (i.e., the hazardous waste
generator), the transporter, and the treatment/disposal facility must each sign
this document and keep a copy. Your facility must keep the copy of the
manifest signed by all three parties on file for three years.  



S Exception report.  Exception reports document a missing return copy of the
hazardous waste manifest.  Your facility must maintain copies of exception
reports for three years.



S Biennial report.  If an LQG, your facility must submit a biennial report (EPA
8700-13A) on March 1 of each even-numbered year to the appropriate EPA
or state regulatory agency (40 CFR 262.41).  Some states impose this
requirement on SQGs.  Your facility can obtain biennial report applications and
instructions from EPA or its state regulatory agency.
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S Land disposal restriction notification.  Land disposal restrictions (LDRs)
are regulations prohibiting the disposal of hazardous waste on land without prior
treatment of the waste (40 CFR 268).  Your facility is required to provide a
one-time notification about your wastes to the treatment or disposal facility
with the first shipment of waste off site, and keep a copy in your files.   



In addition to these reports, your facility is required by EPA to keep certain records on
file to show that good housekeeping practices and monitoring are being performed. 
EPA requires that records be kept on file at your facility for three years (40 CFR
262.40). These records include:



S Laboratory analyses and waste profile sheets for determining whether wastes
generated by your facility are hazardous.



S Copies of all hazardous waste manifests, land disposal restriction notification,
and exception reports.



S Copies of all Notification of Hazardous Activity forms submitted to and
received from the state or EPA.



S For LQGs only, copies of: (1) all personnel training plans and documentation
that indicate employees have completed the required training; (2) the facility’s
contingency plan; and (3) the facility’s biennial report.



An inspector will most likely review all records including, but
not limited to, annual or biennial reports and manifests.











A Guide for Ship Scrappers:
Tips for Regulatory Compliance 6-18 Paint Removal and Disposal



This page left intentionally blank











A Guide for Ship Scrappers:
Tips for Regulatory Compliance 7-1 Metal Cutting and Metal Disposal



7.  METAL CUTTING AND METAL DISPOSAL



During ship scrapping, the activities of metal cutting and scrap metal management present
environmental as well as worker health and safety concerns.  The following sections present
background information on metal cutting, regulatory requirements to be met during metal
cutting, and management options for metal scrap disposal. 



7.1 INFORMATION ABOUT METAL CUTTING AND METAL DISPOSAL



This section provides a brief introduction to the metal cutting process and the tools used to
perform cutting, a description of the kinds of scrap metal generated, and a summary of the
environmental impacts and worker safety concerns relating to metal cutting activities.   



What is metal cutting?



Metal cutting is the process of cutting a ship apart for the recovery of materials, including
several grades and types of scrap metal (see below).  During ship scrapping, the upper decks
(i.e., the superstructure) and systems of the ship are cut first, followed by the main deck and
lower decks.  As large parts of the ship are cut away, they are lifted by crane to the ground
where they are further cut into the shapes and sizes required by buyer (e.g., smelter, scrap
metal broker).  As cutting continues and the weight of the structure is reduced, the remaining
hulk floats higher exposing lower regions of the hull for cutting.  Finally, the remaining portion of
the hull is pulled ashore and cut into sections.  



How are metals cut?



The metals on ships are typically cut using a
variety of  torches and mechanical cutters. 
Some of these are described below.



• Oxygen-fuel torches.  An oxygen-
fuel torch is the tool of choice for cutting steel.  It burns a wide variety of fuel (e.g.,
acetylene, propane, butane, fuel gas, natural gas) and uses either oxygen (liquid or
compressed) or liquid air as the oxidizer and “cutting gas” that serves to burn (oxidize)
iron along the cut line.  Oxygen-fuel torches operate with a flame temperature of
3,500E- 4,000EF and flame velocities of 290 - 425 feet per second.  Dozens of
different styles of torches and torch tops are available depending on the type and supply
pressure of the fuel and oxidizer, the thickness of the metal to be cut, and the
environment where the work is done.  The cutting speed of these torches ranges from



While not as common as torches or cutters,
some facilities employ the use of detonation
charges to cut ship hulls. 
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17 to 26 inches per minute depending on the steel thickness, fuel, oxidizer, and torch
tip.
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• Electric arc or plasma arc torches. These torches generate temperatures high
enough to liquefy almost any metal by the discharge of electric arcs.  A cutting gas,
often air, is used to blow away the molten metal. Manual electric arc torches are much
slower than oxygen-fuel torches, cutting at rates of no more than 10 inches per minute. 



• Shears . Large industrial shears can quickly reduce large metal parts to small
dimensions suitable for a remelting furnace with less labor than torch or saw cutting. 
There are dozens of sizes of stationary and mobile shears available.  Large shears have
cutting rates measured in tens of feet per minute.  The thickness, toughness, and
dimensions of the metal to be sheared, the required cutting rate, and the product
dimensions are important for selecting the proper kind of shears for the job.



• Saws. Several kinds of electric power metal cutting saws are available, including those
with circular and reciprocating blades.  Saws can be used only on nonferrous metals
(see below).  



  



What kinds of metal scrap are generated?



Ship scrapping generates several grades and kinds of scrap metal, commonly called scrap
species, that are bought and sold in scrap materials markets.  The scrap markets can be
broadly classified as those dealing in ferrous  scrap and nonferrous scrap. 



• Ferrous scrap.  Ferrous scrap from ships comes from forgings and castings, shell
plating, framing, deck plating and beams, bulkheads, pillars and girders, miscellaneous
hull steel, foundations, and steel superstructures. In addition, some structural steel outfit,
hull attachments, doors and hatches, deck outfit, steward’s outfit, hull engineering items,
piping, and miscellaneous machinery are ferrous scrap.  Of these sources, the largest
proportion is co-called “carbon steel,” described in the scrap trade as No. 1 heavy
melting scrap.  



• Nonferrous scrap. While there are
many kinds of nonferrous scrap, one of
particular interest is copper-yielding
scrap (i.e., cuprous scrap).  Cuprous
scrap, which has a number of subspecies,
includes bronze, brass, and various other
copper alloys.  



Know the Value of Cuprous Scrap:
While copper and copper alloys
represent a small fraction of the total
weight of the metals recovered from a
ship, they return a large fraction of the
revenue because of their high value.
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To be marketable, scrap metal typically has to meet certain standards, such as quality and
specific dimensions, which a buyer (e.g., a smelter or scrap metal broker) imposes on a seller
(i.e., a ship scrapping facility).  



Potential environmental impacts from metal cutting



Ship scrapping will generate air
pollutants subject to regulation
under the Clean Air Act. 
Specifically, torch cutting will
generate large amounts of fumes
and some or all of the following
materials as particulates:
manganese, nickel, chromium, iron,
aluminum, asbestos, and lead. It
will also initiate small fires when oil
or sludge is ignited by the torch.
These fires are usually short-lived, but may generate some intense black smoke.  The cutting
torches themselves generate oxides of nitrogen (NOx) and sulfur (SOx), and the process of
combustion produces carbon dioxide and carbon monoxide. In spite of these releases, air
pollutants from metal cutting are not likely to have a major air quality impact. 



The improper storage or disposal of scrap metal and other waste generated from metal cutting
(e.g., filings, shavings) may result in soil and/or water contamination, primarily from lead and
other compounds.  Specifically, if metal scrap and waste are not protected from exposure to
storm water, then metal wastes and contaminants from the scrap will be carried to surface
waters and contribute to water contamination.



Worker health and safety concerns during metal cutting



One worker safety issue during metal cutting is exposure to air contaminants, including metal
fumes, particulates, and smoke.  These contaminants can have acute and chronic toxic effects
on workers.  For example, exposure to lead can cause poisoning and long-term damage to the



An Example of a Buyer-Imposed Standard:  No. 1 heavy melting scrap, a ferrous
scrap metal species, is dimensionally limited by the buyer to the size of the scrap
receiver box for the smelting furnace.  



New technology to reduce air emissions: The use of
new technology may reduce air emissions from metal
cutting operations.  The employment of FireJet®
torches, lasers, water-jets, explosives, and shears may
produce fewer emissions from ship cutting than
conventional torches.  To the extent that cold cutting
(e.g., water- jet cutting) is used, fumes from heated
metals will be reduced or even eliminated. The FireJet®



Torch produces fewer emissions than conventional
torches.
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central nervous system.  Although ingestion, and in some cases, absorption of these
contaminants are possible, inhalation is the main pathway of concern. 
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OSHA has exposure limits for various air contaminants that are considered toxic.  If
instantaneous monitoring is not feasible, the ceiling is a 15-minute time-weighted average
exposure, which must not be exceeded at any time over a working day.  For example, there is
such an instantaneous standard for manganese compounds and manganese fumes.  In both
cases, the limit is 5 milligrams per cubic meter (mg/m3).  For other contaminants, the exposure
limit must not exceed a substance-specific, 8-hour time-weighted average in any 8-hour work
shift of a 40-hour work week.  



Examples of the maximum exposure limits (8-hour time-weighted average) for air contaminants
potentially generated from torch cutting include the following:



Chromium metal   1 mg/m3



Nickel   1 mg/m3



Particulates not otherwise regulated 15 mg/m3



Additionally, there are similar requirements that apply to occupational exposure to lead and
cadmium.  Lead and cadmium emissions may be generated during the torch cutting of metals
containing these materials.  The permissible exposure limit for lead is 50 Fg/m3 averaged over
an 8-hour work day.  The action level is 30
Fg/m3, also based on an 8-hour work day. The
action level triggers several requirements such
as exposure monitoring, medical surveillance,
training, and education (29 CFR 1915.1025). 
The permissible exposure limit for cadmium is
five Fg/m3 averaged over an 8-hour workday. 
The action level is 2.5 Fg/m3 of air, based on
an 8-hour work day.  



7.2 WHO REGULATES METAL CUTTING AND METAL DISPOSAL
ACTIVITIES?



Regulations governing metal cutting activities are important for the protection of the
environment, as well as worker safety.  These regulations are intended to (1) reduce the amount
of pollutants released into the environment through air emissions, wastewater, and soil
contamination, and (2) protect workers performing metal cutting activities.



• EPA.  EPA is responsible for developing and enforcing regulations necessary to protect
human health and the environment.  EPA has regulatory oversight authority of metal



Note: OSHA is considering more
stringent exposure limits for chromium,
nickel, and manganese fumes, which are
released in large amounts during torch
cutting.  The new limits being considered
are as low as 0.5 Fg/m3 and will be
difficult to meet with existing cutting
technology and ventilation practices.











A Guide for Ship Scrappers:
Tips for Regulatory Compliance 7-7 Metal Cutting and Metal Disposal



cutting activities under the following federal laws. Some of the requirements for these
regulations will be presented in the following section.
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S Under the Clean Air Act (CAA), air pollutants from ship scrapping facilities are
subject to regulation. If emitted in regulated quantities, facilities will be required
to obtain operating or preconstruction permits (40 CFR 50-99). 



S Under the Resource Conservation and Recovery Act (RCRA) hazardous
waste regulations (40 CFR 261-270), facilities that generate hazardous waste
(e.g., scrap metal that is not recycled) must meet waste accumulation,
manifesting, and recordkeeping requirements. 



S Regulations under the Clean Water Act (CWA) require certain facilities to limit
the amount of pollutants in their storm water discharges, and obtain a National
Pollutant Discharge Elimination System (NPDES) permit (40 CFR 122.26). 
These facilities will be required to develop and implement storm water pollution
prevention plans to prevent storm water from coming into contact with potential
contaminants. 



• OSHA.  OSHA is responsible for the health and safety of workers who perform metal
cutting operations.  OSHA’s regulations 29 CFR 1910 and 1915 include provisions to
be followed by employers and workers regarding personal protective equipment, tools
and equipment, and hot work being performed in the open air, as well as confined and
enclosed spaces.  These worker safety requirements will be described in more detail in
the following sections.



7.3 METAL CUTTING PRACTICES AND PROCEDURES



7.3.1 Testing Required Prior to Hot Work



Prior to any cutting activities, have preservative coatings on surfaces been
tested and removed if required?



For any surface covered by a preservative coating whose flammability is not known, your
facility’s competent person must test this coating prior to the surface being cut [29 CFR
1915.53(b)].  Under certain circumstances, your facility may be required to remove highly
flammable or toxic coatings on surfaces to be cut.  Please see Section 6.  Paint Removal and
Disposal for more information.



Have work areas been tested and certified as “Safe for Hot Work”?
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If your facility is conducting metal cutting with torches, commonly called burning, it is
performing what is considered by OSHA to be “hot work” [29 CFR 1915.11(b)].  Depending
on the type of area where torch cutting will be conducted, your facility may have to test those
areas prior to any work beginning.  



• Hot work requiring testing by a Marine
Chemist or a U.S. Coast Guard
authorized person. If hot work is to be
performed in certain confined or enclosed
spaces or other dangerous atmospheres,
boundaries of those spaces, or pipelines, your
facility cannot  start the work until those
areas have been tested and certified by a
Marine Chemist or a U.S. Coast Guard
authorized person as “Safe for Hot Work.” 
This includes areas that are:



S Within, on, or immediately adjacent to spaces that contain or have contained
combustible or flammable liquids or gases;



S Within, on, or immediately adjacent to fuel tanks that contain or previously
contained fuel; and



S On pipelines, heating coils, pump fittings or other accessories connected to
spaces that contain or previously contained fuel.  



If a certain area is determined to be
safe for hot work by the Marine
Chemist or U.S. Coast Guard
authorized person, a certificate,
commonly called a hot work permit,
will be issued by that person for that
specific work area.  Your facility
must post this certificate in the
immediate vicinity of the area while metal cutting is in progress, and keep it on file for at
least three months from the completion date of the operation for which the certificate
was issued. 



A Marine Chemist is a person
who has a current Marine Chemist
Certificate issued by the National
Fire Protection Association.



A U.S. Coast Guard authorized
person is someone who meets
certain requirements (found in
Appendix B of 29 CFR 1915,
Subpart B) for tank, cargo, and
miscellaneous vessels.



What are hot work permits?   Hot work
permits allow cutting torches and saws to be
used to dismantle the ship. The hot work
permits do not deal with environmental
concerns such as cutting through lead or
PCBs present in painted surfaces.
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• Hot work requiring
testing by a competent
person.  Hot work
cannot be performed in
or on the spaces or
adjacent spaces or other
dangerous atmospheres
listed below until they
have been tested by a
competent person and
determined to contain
concentrations of
flammable vapors or gases less than 10 percent of the lower explosive limit:



S Dry cargo holds;
S Bilges;
S Engine room and certain boiler spaces; 
S Vessels or vessel sections; and 
S Landside confined and enclosed spaces or other dangerous atmospheres.



If vapor concentrations are found to be equal to or greater than 10 percent of the lower
explosive limit, an area will be labeled “Not Safe for Hot Work” and ventilated until the
limits are met [29 CFR 1915.14(b)]. 



7.3.2 Performing Metal Cutting



Do workers wear appropriate personal protective equipment when metal
cutting?



Your facility must ensure that all workers performing any type of metal cutting are wearing
suitable eye protective equipment (29 CFR 1915.153), as well as appropriate hand and body
protection (29 CFR 1915.157).  Workers performing metal cutting must not wear clothing
impregnated or covered in full or in part with flammable or combustible materials (e.g., grease
or oil). 



Metal cutting at your facility may produce noise levels in
excess of 100 decibels (dBA).  If workers are subjected
over a constant period of time to sound exceeding certain
levels (29 CFR 1910.95), your facility must use feasible



Who is a competent person? A competent person is a
person who is capable of recognizing and evaluating worker
exposure to hazardous substances or to other unsafe
conditions and is capable of specifying the necessary
protection and precautions to take to ensure worker safety. 
Your facility may designate any person who meets the
competent person requirements to be responsible for
performing testing in certain situations (29 CFR 1915.7). 
The facility may use a Marine Chemist, or in some cases,
a certified industrial hygienist to perform the same activities
as a competent person.  



For acoustic measurements
of effects on humans, sound
levels are denoted as dBA.
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administrative or engineering controls to reduce the noise.  If these controls fail to reduce the
noise, then your facility must supply workers with personal protective equipment.



Equipment requirements when conducting gas or arc cutting



Your facility must comply with certain requirements when cutting with torches that burn gas. 
These requirements apply to transporting, moving, and storing compressed gas cylinders;
placing cylinders; the treatment of cylinders; using fuel gas; fuel gas and oxygen manifolds;
hoses; torches; and pressure regulators [29 CFR 1915.55].  



Additionally, your facility must comply with certain requirements when arc cutting.  These
requirements apply to manual electrode holders; welding cables and connectors; ground returns
and machine grounding; operation instructions; and shielding (29 CFR 1915.56).



Air permit requirements



Ship scrapping activities, including metal cutting, will generate air pollutants subject to regulation
under the Clean Air Act.  Specifically, torch cutting will generate large amounts of fumes and
particulate matter, including particulate matter with a particle size of less than 10 microns
(PM10), and will initiate small fires when oil or sludge is ignited by the torch. These fires are
usually short-lived, but may generate some intense black smoke.  



If your facility emits regulated amounts of air pollutants, it must obtain the appropriate operating
or preconstruction permit and comply with all emissions requirements set forth in that permit.
Contact EPA or your state or local air pollution control authority for more information about air
permit requirements.  



An inspector may investigate any open burning activities at the
facility. In addition, if a permit has been issued by EPA or the state
or local regulatory agency, the inspector may evaluate the facility
for compliance with the specific permit conditions. 



Is mechanical ventilation provided when metal cutting?



In Open Areas:



In open areas, workers at your facility
can normally perform general metal
cutting without mechanical ventilation or



Even in open areas, it is recommended that air
sampling be conducted to ensure that there is no
exposure to workers during metal cutting. 
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respiratory protective equipment, provided that (1) it is not done in confined or enclosed spaces
and (2) metals containing or coated with toxic materials are not being cut [29 CFR 1915.51(f)]. 
If, however, unusual physical or atmospheric conditions, such as confined spaces, result in the
unsafe accumulation of contaminants, your facility must provide workers with suitable
mechanical ventilation or respiratory protective equipment [29 CFR 1915.51(f)]. 



Mechanical ventilation can consist of either a general mechanical ventilation system or a local
exhaust system [29 CFR 1915.51(b)]. 



• General mechanical ventilation must have sufficient capacity and provide the
number of air changes necessary to maintain fumes and smoke within safe limits. 



• Local exhaust ventilation must have freely movable hoods that can be placed as
close as practicable by the metal cutter to the work.  This system must have sufficient
capacity and be arranged so as to remove fumes and smoke at the cutting site and keep
the concentrations in the breathing zone within safe limits.



In Confined Spaces:



While not common, metal cutting may
have to be performed in a confined
space during scrapping activities. If this
occurs, your facility must provide one
kind of mechanical ventilation
described above and must provide the
required means of  access to the space
for workers.  There must be more than one way to access the confined space (unless the
arrangement of the space makes this impractical), and if the ventilation ducts must pass through
these means of access, they must be arranged so as to allow workers to freely pass through at
least two of these means of access [29 CFR 1915.76(b)(1)-(2)]. 



If sufficient ventilation is not possible without blocking the means of access, workers must use
air line respirators and a worker outside of the confined space must maintain communication
with those working within and aid them in an emergency [29 CFR 1915.51(c)]. 



An inspector may verify that appropriate mechanical ventilation is
provided for workers, if required, during metal cutting. 



What is a confined space?  A confined space is
a compartment of small size and limited access
(e.g., double bottom tank, cofferdam) which by its
small size and confined nature can readily create
or aggravate a hazardous exposure.
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Is the proper mechanical ventilation or respiratory protection used when
cutting certain metals?



Within Enclosed Spaces:



While also not a common ship scrapping
activity, your workers may be required
to conduct metal cutting of certain
metals in enclosed spaces.  These metals
may be described as containing or being
coated with toxic materials.  If cutting or
heating these metals in enclosed spaces,
your facility must provide workers with the appropriate kind of mechanical ventilation or
respiratory protection [29 CFR 1915.51(d)(1)-(2)] as presented below:



• Workers must be provided with and use either general mechanical ventilation or
local exhaust ventilation (described above) when cutting the following kinds of
metals: 



S Zinc-bearing base or filler metals or metals coated with zinc-bearing materials
S Lead based metals
S Cadmium-bearing filler materials
S Chromium-bearing metals or metals coated with chromium-bearing materials



• Workers must be provided with and use local exhaust ventilation or air line
respirators  when cutting the following kinds of metals:



  S Metals containing lead (other than as an impurity) or metals coated with lead-
bearing materials



S Cadmium-bearing or cadmium-coated base materials
S Metals coated with mercury-bearing materials



In Open Air:



If your workers are cutting the same metals
containing toxic materials described above in
the open air, they must wear filter-type
respirators [29 CFR 1915.51(d)(3)].



What is an enclosed space?  An enclosed
space is any space, other than a confined
space, which is enclosed by bulkheads and
overhead.  This includes cargo holds, tanks,
quarters, and machinery and boiler spaces.



Tip: Be sure to protect workers exposed to
the smoke and fumes from these operations
in the same manner as the worker(s)
actually doing the work.











A Guide for Ship Scrappers:
Tips for Regulatory Compliance 7-14 Metal Cutting and Metal Disposal



For Beryllium-Containing Base or Filler Metals: 



Your facility must provide workers with local exhaust ventilation and air line respirators
regardless of whether this work is being performed in an enclosed space or in the open air
[29 CFR 1915.51(d)(2)-(3)].



Are hollow metal containers and structures cleaned, vented, or tested before
cutting?



For drums, containers, or hollow structures which have contained flammable substances, your
facility must fill them with water or thoroughly clean them of such substances, and ventilate and
test them prior to cutting.  Your facility must provide a vent or opening in each drum, container,
hollow structure, or jacketed vessel for the release of any pressure which may build up during
heating.



For structural voids such as skegs, bilge keels, fair waters, masts, booms, support stanchions,
pipe stanchions or railings, your facility’s competent person must inspect the object and, if
necessary, test for the presence of flammable liquids or vapors and nonflammable liquids that
could heat up and cause pressure (29 CFR 1915.54).



Fire prevention requirements



Your facility must take the appropriate steps during metal cutting to prevent fires.  This can
include moving objects to be cut to a safe location or taking all movable fire hazards away from
the object to be cut.  If either of these is not possible, then your facility must take all steps
possible to confine the heat, sparks, and slag, and to protect the immovable fire hazards from
them [29 CFR 1915.52(a)(1)-(2)].



The cutting of particular objects (e.g., tank shells, decks, overheads) may result in the direct
penetration of sparks or heat transfer which can cause a fire in an adjacent compartment.  In
these situations, the same precautions must be taken on the
opposite side as are taken on the side where the cutting is being
performed [29 CFR 1915.52(a)(3)].



Additionally, your facility must eliminate the possibility of fire in
confined spaces as a result of gas escaping through leaking or
improperly closed torch valves. This can be done by positively
shutting off the gas supply to the torch at some point outside the
confined space whenever the torch is not used or whenever the



Tip: Open end fuel gas
and oxygen hoses must
be immediately removed
from confined spaces
when they are
disconnected from the
torch or other gas
consuming device [29
CFR 1915.52(a)(4)].
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torch is left unattended for a substantial period of time (e.g., lunch hour).  The torch and hose
must be removed from the confined space overnight and at shift changes [29 CFR
1915.52(a)(4)].   



7.3.3  Managing Scrap Metal



Is all scrap metal recycled?



If your facility recycles its “processed scrap metal,” it does not have to manage this scrap
according to the RCRA regulations [40 CFR 261.4 (a)(13)].  “Processed scrap metal”
basically includes the hulls or other surfaces which are cut up during scrapping.  Additionally, all
other scrap metal (scrap metal that is not “processed scrap metal”) onsite is classified by EPA
as “hazardous waste that is recyclable,” and if recycled, is not subject to RCRA regulations [40
CFR 261.6(a)(3)(ii)].   



Basically, this means that if your facility recycles
all of its processed and other scrap metal, these
materials are not subject to regulation under
RCRA.  Your facility can recycle scrap metal by
selling it to a resmelting firm or scrap metal
broker.  



Is recyclable metal recovered using shredders and separators? 
 



Recyclable metal that is intermixed with nonmetallic material can be recovered for reuse using
shredders and separators.  For example, shipboard electric cables, when averaged over a
whole ship, can range from 40% - 75% by weight copper.  These cables are often shredded
for the recovery of the copper by recyclers specializing in this process.  



• Shredders. Shredders,
of which hundreds of
kinds are available,
basically reduce the
parts to a gravel-like
mixture of metal
particles and non-metal
“fluff.”  



Note: All scrap metal that is not
recycled must be managed and
disposed of according to the hazardous
waste regulations (40 CFR 261-270).



What is “fluff”?  Fluff is a term used in the recycling
trade for solid and liquid nonrecoverable nonmetallic
materials obtained during the ship scrapping process.
Fluff is not salable.  Because it may contain regulated
hazardous waste (e.g., asbestos, PCBs, hydrocarbons), it
must be managed and disposed of according to the
hazardous waste regulations (40 CFR 261-270).
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• Separators. After shredding, the metals can then be separated from the fluff by several
kinds of separators.  These include, but are not limited to magnetic separators, air
floatation separator columns, and shaker tables.



Is cable burning for copper recovery prohibited?



For the recovery of copper wire, facilities burn cables to remove coverings.  However, your
facility should be aware that cable burning may be regulated by state or local open burning
regulations.  Additionally, cutting cable coverings containing PCBs and/or asbestos is
considered open burning and is prohibited according to TSCA requirements (see Section 3.0)
and asbestos National Emission Standards for Hazardous Air Pollutants (NESHAP)
requirements (see Section 2.0), respectively.



  



Is wastewater from metal cutting operations managed with bilge water?



During metal cutting operations, water is used to extinguish small fires which may occur.  Such
water typically drains to the lower areas of the ship, commonly called bilge areas. All
wastewater (i.e., bilge water) in these areas must be removed and disposed of according to the
applicable regulations, as described in Section 4. Bilge and Ballast Water Removal.



Does your facility have a storm water permit?



Your facility may be required to obtain a
National Pollutant Discharge Elimination
System (NPDES) permit for its storm
water discharges.  



Typically, storm water discharge associated with industrial activity must be covered by an
NPDES permit.  The term “storm water discharge associated with industrial activity” means any
discharge from a conveyance which is used for collecting and conveying storm water and is
directly related to storage areas at an industrial facility.  There are 11 categories of facilities
considered to be engaged in industrial activity as defined in 40 CFR 122.26; one of which
includes ship scrapping facilities.  Contact EPA or your state regulatory agency for more
information regarding NPDES storm water permitting requirements.



An inspector may review your facility storm water permit to ensure
that your facility is meeting all of the requirements of that permit. 



Measures or controls used to prevent or minimize storm water pollution



The term “storm water” includes storm water
runoff, snow melt runoff, and surface runoff and
drainage [40 CFR 122.26(b)(13)].
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If your facility is required to obtain an NPDES storm water permit, it will likely be required to
prepare and implement a storm water pollution prevention plan (SWPPP). Each plan is facility-
specific because every facility is unique in its source, type and volume of contaminated storm
water discharges.  Regardless of the variations, all plans must include several common
elements, such as a map and site-specific considerations.  Additional elements include: 



• Facility size and location
• A description of the volume of storm water and pollutants that could potentially be



discharged
• Hydrogeology
• Environmental setting of each facility
• Predicted flow of storm water discharges
• Climate



As part of your plan, your facility must address how it will develop and use general and specific
measures and controls (e.g., best management practices) to prevent or minimize pollution from
storm water.  One such measure may be to prevent storm water from coming in contact with
wastes, including metal cutting wastes. 



Additionally, your facility’s SWPPP must address how the facility will complete the following
activities: develop a pollution prevention (P2) team; train employees; conduct inspections and
evaluations; test outfalls; and perform recordkeeping. 



An inspector may review your facility’s SWPPP to ensure that it
addresses all of the required elements.  He/she may also review
the waste storage area to ensure that your facility is taking
appropriate measures to prevent storm water from coming into
contact with wastes, including metal cutting wastes.
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8.  REMOVAL AND DISPOSAL OF



MISCELLANEOUS SHIP MACHINERY



During ship scrapping, there are many types of machinery that are removed from a ship.  Some
of this machinery may be sold for reuse or recycled as scrap.  The following section presents
background information on miscellaneous ship machinery, regulatory requirements applicable to
the removal and disposal of this machinery, as well as options for recycling and reusing these
components.



8.1 INFORMATION ABOUT MISCELLANEOUS SHIP MACHINERY



This section provides a brief introduction to the kinds of miscellaneous ship machinery that are
recovered during ship scrapping, and the possible environmental impacts and worker health and
safety concerns during removal and disposal activities. 



  



What is miscellaneous ship machinery and where is it found on a ship?



Ship machinery consists of various components that are removed from a ship during the
scrapping process.  These include, but not limited to, the following:



• Main propulsion; turbine drain and
leakoff system



• Main reduction gears
• Main condenser
• Main air ejector
• Main circulating system
• Feed heaters
• Feed and condensate system
• Saltwater evaporator system
• Shafting, bearings, and stern tubes
• Propellers
• Miscellaneous shafting parts
• Lubrication oil system
• Miscellaneous engine oil tanks
• Cables/wires
• Fluff from wire/cable stripping



• Boilers including fuel oil burners and soot
blowers



• Boiler draft system
• Air systems
• Automatic combustion system
• Stacks and uptakes
• Fuel oil service system
• Main steam piping
• Auxiliary stem piping
• Exhaust and escape piping
• Steam drain system
• Access systems
• Work shop, lifting, and handling gear
• Machinery space ventilation and fixtures
• Machinery space fixtures
• Miscellaneous instruments and gauges  
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When are components removed during scrapping?



Machinery components are typically removed throughout the scrapping process.  During the
preparation phase of scrapping, small articles and the propellors are removed which allows the
hulk to be pulled into shallow water where scrapping usually takes place.  As layers of the ship
are cut, large reusable or recyclable components are removed as they become accessible.  



What are potential worker health and safety and environmental impacts from
ship machinery removal and disposal?



When removed from the ship, ship machinery components are typically handled in the shipyard,
or what is commonly called the scrap yard.  These components, which may be stripped of
valuable materials and/or cut into smaller pieces, may contain or be contaminated with
hazardous materials, including asbestos, polychlorinated biphenyls (PCBs), oils, and fuels.  



In the scrap yard, facilities should ensure that
machinery components are being handled in
such a manner as to prevent soil, surface water,
and groundwater contamination.  If improperly
stored, residues and hazardous materials from
ship machinery components may come in
contact with rain water and cause soil and/or
water contamination.  



Workers exposure to any hazardous materials in ship machinery may potentially have serious
health effects.  More information on specific impacts of asbestos, PCBs, and oils and fuels can
be found in Sections 2, 3, and 5, respectively, of this guide.  



8.2 WHO REGULATES THE REMOVAL AND DISPOSAL OF
MISCELLANEOUS SHIP MACHINERY?



Regulations governing the removal and disposal of miscellaneous ship machinery are important
for the protection of the environment, as well as worker health and safety.  These regulations
are intended to (1) reduce the amount of pollutants released into the environment through air
emissions, wastewater, and soil contamination, and (2) protect workers performing machinery
removal activities.



• EPA.  EPA is responsible for developing and enforcing regulations necessary to protect
human health and the environment.  EPA has regulatory oversight authority of ship



Avoid lead contamination: Lead
contamination of soil and groundwater has
been found at ship scrapping facilities due
to the improper handling and storage of
ship components. Facilities should take
extra measures to prevent this type of
contamination from occurring at their site.
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machinery removal and disposal activities under the Clean Air Act (CAA), Resource
Conservation and Recovery Act (RCRA), and the Clean Water Act (CWA). In
addition, if ship machinery contains or is contaminated by PCBs, it or its components
may be regulated under the Toxic Substances Control Act (TSCA).  These
requirements are described in more detail in this section and other sections of this guide.



• OSHA.  OSHA is responsible for the health and safety of workers who perform ship
machinery removal activities. OSHA regulations (29 CFR 1915) include provisions to
control worker exposure to hazards encountered during ship machinery removal. 
These requirements are described in more detail in this section and other sections of this
guide.    



8.3 SHIP MACHINERY REMOVAL AND DISPOSAL ACTIVITIES



Are worker health and safety requirements met?



Your facility must protect workers during ship machinery removal activities according to
OSHA’s Shipyard Industry standards (29 CFR 1915.1001) and General Industry standards
(29 CFR 1910).  These rules regulate general working conditions (e.g., housekeeping,
illumination, first aid); the use of scaffolds, ladders, and other working surfaces; gear and
equipment for rigging and materials handling; and tools and equipment.  Additionally, if any
machinery components contain or are covered with asbestos or PCBs, your facility must ensure
that all workers are protected from exposure to these contaminants as required (see below). 



Are asbestos requirements met during ship machinery removal?



Asbestos may be part of a machinery component or may be encountered by workers when
removing and handling a machinery component.  Regardless of its occurrence, your facility must
comply with all applicable asbestos requirements, many of which are highlighted in Section  2.
Asbestos Removal and Disposal.   For additional information on asbestos, please refer to the
appropriate parts of Section 9. Resources.



Are PCB requirements met during ship machinery removal?



Like asbestos, PCBs may be found in a machinery component or may have contaminated a
component.  For example, cable and chain anchor may contain PCB-laden materials. If found,
your facility must comply with all applicable PCB requirements, many of which are highlighted
in Section 3. Sampling, Removal, and Disposal of Polychlorinated Biphenyls.  For
additional information on PCBs, please refer to the appropriate parts of Section 9. Resources.
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Are oils/fuels removed from ship machinery components handled as required?



Your facility may encounter for removal (1) machinery containing oils or fuels, or (2) machinery
containing small compressors or engines which contain oils or fuels.  Your facility must ensure
that all oils/fuels found in machinery or machinery components are properly handled as
described in Section 5. Oil and Fuel Removal.  For additional information on oil removal,
please refer to the appropriate parts of Section 9. Resources.



Are paint removal and metal cutting requirements met during ship machinery
removal?



If paint removal and subsequent metal cutting are required to remove a machinery component,
your facility must comply with all applicable requirements for these activities, some of which are
presented in Section 6. Paint Removal and Disposal and Section 7. Metal Cutting and
Metal Disposal.  For additional information on these activities, please refer to the appropriate
parts of Section 9. Resources.



Is machinery recycled or sold for reuse?



Your facility may remove miscellaneous ship machinery that may be categorized as reusable or
recyclable.  



• Reuse. Reusable equipment and
components  (e.g., compressors,
electric motors) can be sold directly
with little or no refurbishment by your
facility.  However, while there is a
market for these components, it is
presently not very active as many components recovered from ships are obsolete by
current standards or can be obtained elsewhere either in better used condition or
unused at a lower price. 



• Recycle.  A large portion of ship machinery is considered ferrous scrap, and can be
sold to resmelters or recyclers.  In addition, some components, such as main
generators, motors, and other electrical items, are high in copper content, making them
intrinsically more valuable than merely ferrous materials. 



Is recyclable metal recovered using shredders and separators? 
 



Ship propulsion machinery that is certified
by a recognized organization, such as the
American Bureau of Shipping, can be
resold for use in other ships.
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Recyclable metal that is intermixed with nonmetallic material can be recovered for reuse using
shredders and separators.  For example, shipboard electric cables, when averaged over a
whole ship, can range from 40% - 75% by weight copper. These cables are often shredded for
the recovery of the copper by recyclers specializing in this process.  



• Shredders. Shredders, of which hundreds of kinds are available, basically reduce the
parts to a gravel-like mixture of metal particles and non-metal “fluff.”  



• Separators. After shredding, the metals can then be separated from the fluff by several
kinds of separators.  These include, but are not limited to magnetic separators, air
floatation separator columns, and shaker tables.



Is cable burning for copper recovery prohibited?



For the recovery of copper from electrical systems, facilities may burn cables to remove
coverings.  However, your facility should be aware that cable burning may be regulated by state
or local open burning regulations.  Additionally, if these coverings contain PCBs and/or
asbestos, your facility is prohibited from burning the coverings according to TSCA
requirements (see Section 3.0) and asbestos NESHAP requirements (see Section 2.0),
respectively.



Does your facility have a storm water permit?



Your facility may be required to obtain a
National Pollutant Discharge Elimination
System (NPDES) permit for its storm
water discharges.  Typically, storm
water discharge associated with
industrial activity must be covered by an NPDES permit.  The term “storm water discharge
associated with industrial activity” means any discharge from a conveyance which is used for
collecting and conveying storm water and is directly related to storage areas at an industrial
facility.  There are 11 categories of facilities considered to be engaged in industrial activity as
defined in 40 CFR 122.26; one of which includes ship scrapping facilities.  Contact EPA or
your state regulatory agency for more information regarding NPDES storm water permitting
requirements.



An inspector may review your facility storm water permit to ensure
that your facility is meeting all of the requirements of that permit. 



The term “storm water” includes storm water
runoff, snow melt runoff, and surface runoff and
drainage [40 CFR 122.26(b)(13)].
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Measures or controls used to prevent or minimize storm water pollution



If your facility is required to obtain an NPDES storm water permit, it will likely be required to
prepare and implement a storm water pollution prevention plan (SWPPP). Each plan is facility-
specific because every facility is unique in its source, type and volume of contaminated storm
water discharges.  Regardless of the variations, all plans must include several common
elements, such as a map and site-specific considerations.  Additional elements include: 



• Facility size and location
• A description of the volume of storm water and pollutants that could potentially be



discharged
• Hydrogeology
• Environmental setting of each facility
• Predicted flow of storm water discharges
• Climate



As part of your plan, your facility must address how it will develop and use general and specific
measures and controls (e.g., best management practices) to prevent or minimize pollution from
storm water.  One such measure may be to prevent storm water from coming in contact with
wastes, including scrap metal and other wastes. 



Additionally, your facility’s SWPPP must address how the facility will complete the following
activities: develop a pollution prevention (P2) team; train employees; conduct inspections and
evaluations; test outfalls; and perform recordkeeping. 



An inspector may review your facility’s SWPPP to ensure that it
addresses all of the required elements.  He/she may also review
the waste storage area to ensure that your facility is taking
appropriate measures to prevent storm water from coming into
contact with wastes, including scrap metal and other wastes.
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9.  RESOURCES



9.1 CONTACT INFORMATION



9.1.1 EPA Headquarters and EPA Regional Offices



EPA Headquarters



U.S. Environmental Protection Agency
Attn: Federal Facilities Enforcement Office (2261A)
1200 Pennsylvania Ave. NW



 Washington, DC 20460
Telephone: (202) 564-2461
Fax: (202) 564-0069
Website: http://www.epa.gov/fedfac/fflex.html



EPA Regional Offices



EPA Regional Office Information



Region Address Telephone & Fax Numbers
Web Address



1
(CT, MA,



ME, NH, RI,
VT)



Environmental Protection Agency
Region 1
One Congress Street Suite 1100
Boston, MA 02214-2023



Telephone: (617) 918-1111
Toll Free: (617) 918-1809
Website: http://www.epa.gov/region1/



2
(NJ, NY, PR,



VI)



Environmental Protection Agency
Region 2
290 Broadway
New York, NY 10007-1866



Telephone: (212) 637-3000
Fax: (212) 637-3526
Website: http://www.epa.gov/region2/



3
(DC, DE,



MD, PA, VA,
WV)



Environmental Protection Agency
Region 3
1650 Arch Street
Philadelphia, PA 19103-2029



Telephone: (215) 814-5000
Toll free: (800) 438-2474 
Fax: (215) 814-5103
Website: http://www.epa.gov/region3/











EPA Regional Office Information



Region Address Telephone & Fax Numbers
Web Address
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4
(AL, FL, GA,
KY, MS, NC,



SC, TN)



Environmental Protection Agency
Region 4
Atlanta Federal Center
61 Forsyth Street, SW
Atlanta, GA 30303-3104



Telephone: (404) 562-9900
Toll free: (800) 241-1754
Fax: (404) 562-8335
Website:http://www.epa.gov/region4/



5
(IL, IN, MI,



MN, OH, WI)



Environmental Protection Agency
Region 5
77 West Jackson Boulevard
Chicago, IL 60604-3507



Telephone: (312) 353-2000
Toll free: (800) 621-8431
Fax: (312) 353-1155
Website: http://www.epa.gov/region5/



6
(AR, LA,



NM, OK, TX)



Environmental Protection Agency
Region 6
1445 Ross Avenue, Suite 1200
Dallas, TX 75202-2733



Telephone: (214) 665-2200
Toll free: (800) 887-6063
Fax: (214) 665-2146
Website:http://www.epa.gov/region6/



7
(IA, KS, MO,



NE)



Environmental Protection Agency
Region 7
901 N. 5th Street
Kansas City, KS 66101



Telephone: (913) 551-7003
Toll free: (800) 223-0425
Fax: (913) 551-7467
Website: http://www.epa.gov/region7/



8
(CO, MT,



ND, SD, UT,
WY)



Environmental Protection Agency
Region 8
999 18th Street Suite 500
Denver, CO 80202-2466



Telephone: (303) 312-6312
Toll free: (800) 227-8917
Fax: (303) 312-7061
Website: http://www.epa.gov/region8/



9
(AZ, CA, HI,



NV)



Environmental Protection Agency
Region 9
75 Hawthorne Street
San Francisco, CA 94105



Telephone: (415) 744-1305
Fax: (415) 744-1070
Website: http://www.epa.gov/region9/



10
(AK, ID, OR,



WA)



Environmental Protection Agency
Region 10
1200 6th Avenue
Seattle, WA 98101



Telephone: (206) 553-1200
Toll free: (800) 424-4372
Fax: (206) 553-6984
Website: http://www.epa.gov/region10/



9.1.2 OSHA Headquarters and OSHA Regional Offices
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OSHA Headquarters 



U.S. Department of Labor
Occupational Safety and Health Administration (OSHA)
200 Constitution Avenue, N.W.
Washington, D.C. 20210
Telephone: 1-800-321-6742 (In case of emergency)
Website: http://www.osha.gov
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OSHA Regional Offices



OSHA regional offices as listed below can be contacted for additional information.  Additional
contact information for area offices, which are located within each region, can be found at each
regional office’s website listed below or at http://spider.osha.gov/oshdir/. You may also visit
OSHA’s State Offices at the following website: http://www.osha.gov/oshdir/states.htm



OSHA Regional Office Information



Region
(Area



Offices)
Address Telephone & Fax Numbers



Web Address



1
(CT, MA,
ME, NH,
RI, VT)



Occupational Safety and Health
Administration, Region 1
JFK Federal Building
Room E340
Boston, MA 02203



Telephone: (617) 565-9860
Fax: (617) 565-9827
Website: http://www.osha.gov/oshdir/r01.html



2
(NJ, NY,
PR, VI)



Occupational Safety and Health
Administration, Region 2
201 Varick Street, Room 670
New York, NY 10014



Telephone: (212) 337-2378
Fax: (212) 337-2371
Website: http://www.osha.gov/oshdir/r02.html



3
(DC, DE,
MD, PA,
VA, WV)



Occupational Safety and Health
Administration, Region 3
Gateway Building, Suite 2100
3535 Market Street
Philadelphia, PA 19104



Telephone: (215) 596-1201
Fax: (215) 596-4872
Website: http://www.osha.gov/oshdir/r03.html



4
(AL, FL,
GA, KY,
MS, NC,
SC, TN)



Occupational Safety and Health
Administration, Region 4
Atlanta Federal Center
61 Forsyth Street, SW
Atlanta, GA 30303



Telephone: (404) 562-2300
Fax: (404) 562-2295
Website:
http://www.osha.gov/oshdir/r04.html



5
(IL, IN,



MI, MN,
OH, WI)



Occupational Safety and Health
Administration, Region 5
230 South Dearborn Street
Room 3244
Chicago, IL 60604



Telephone: (312) 353-2220
Fax: (312) 353-7774
Website: http://www.osha.gov/oshdir/r05.html











OSHA Regional Office Information



Region
(Area



Offices)
Address Telephone & Fax Numbers



Web Address
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6
(AR, LA,
NM, OK,



TX)



Occupational Safety and Health
Administration, Region 6
525 Griffin Street, Room 602
Dallas, TX 75202



Telephone: (214) 767-4731
Fax: (214) 767-4137
Website: http://www.osha.gov/oshdir/r06.html



7
(IA, KS,
MO, NE)



Occupational Safety and Health
Administration, Region 7
City Center Square
1100 Main Street, Suite 800
Kansas City, MO 64105



Telephone: (816) 426-5861
Fax: (816) 426-2750
Website: http://www.osha.gov/oshdir/r07.html



8
(CO, MT,
ND, SD,
UT, WY)



Occupational Safety and Health
Administration, Region 8
1999 Broadway, Suite 1690
Denver, CO 80202-5716



Telephone: (303) 844-1600
Fax: (303) 844-1616
Website: http://www.osha.gov/oshdir/r08.html



9
(AZ, CA,
HI, NV,



and Guam
and



American
Samoa)



Occupational Safety and Health
Administration, Region 9
71 Stevenson Street, Room 420
San Francisco, California 94105



Telephone:
(415) 975-4310



(Main Public - 8 am - 4:30 pm Pacific)
(800) 475-4019



(For Technical Assistance)
(800) 475-4020



(For Complaints - Accidents/Fatalities)
(800) 475-4022 



(For Publication Requests)
Fax: (415) 975-4319
Website: http://www.osha.gov/oshdir/r09.html



10
(AK, ID,
OR, WA)



Occupational Safety and Health
Administration, Region 10
1111 Third Avenue, Suite 715    
     Seattle, WA 98101-3212



Telephone: (206) 553-5930
Fax: (206) 553-6499
Website: http://www.osha.gov/oshdir/r10.html



9.1.3 State and Local Contacts



State Environmental Agencies
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Links to all state environmental agencies can be accessed at the Environmental Professional’s
Homepage at http://www.clay.net/.



State Air Pollution Agencies: State and Territorial Air Pollution Administrators
(STAPPA) and Association of Local Air Pollution Control Officials (ALAPCO)



This website contains links to state government agency home pages and other state government
resources and can be accessed at http://www.4cleanair.org/.



9.2 HOTLINES



There are various sources your facility can contact to receive additional information and
assistance regarding the requirements presented in this guide.  Some of these hotlines and the
related ship scrapping processes are listed below.



For Help Relating to: Call This Hotline:



Asbestos Removal and
Disposal



Asbestos Ombudsman Clearinghouse/Hotline
Toll-free: (800) 368-5888 
Telephone: (703)305-5938 or 202-260-0490
Fax: (703) 305-6462



The Asbestos Ombudsman Clearinghouse/Hotline provides
general information about asbestos to the public.  Operated
by EPA’s Small Business Ombudsman’s Office, it also
assists small businesses in complying with EPA regulations.



Asbestos Removal and
Disposal



Sampling, Removal and
Disposal of PCBs



Removal and Disposal of
Misc. Ship Machinery



Toxic Substances Control Act (TSCA) Assistance
Telephone: (202) 554-1404
Fax: (202) 554-5603
Email: tscahotline@epamail.epa.gov



The EPA TSCA Hotline provides up-to-date technical
assistance and information about programs implemented
under TSCA.  In addition, the Hotline provides a variety of
documents, including Federal Register notices, reports,
informational brochures, and booklets. It can also provide
referrals to specific sources of information. The Hotline is
a free service. 
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Bilge and Ballast Water
Removal



Oil and Fuel Removal



Removal and Disposal of
Misc. Ship Machinery



EPA’s Oil Spill Information Line
To access the EPA’s Oil Spill Program Information Line,
call
the RCRA/UST, Superfund and EPCRA Hotline (see
below).



To report an oil or hazardous substance release, call the 
National Response Center at (800) 424-8802 (see below).



EPA’s Oil Spill Program is designed to prevent oil spills, as
well as prepare for and respond to any oil spill affecting the
inland waters of the U.S.  The program is administered by
EPA Headquarters and the 10 EPA Regions. 
Website: http://www.epa.gov/oilspill



Bilge and Ballast
Removal



Oil and Fuel Removal



Paint Removal and
Disposal



Removal and Disposal of
Misc. Ship Machinery



RCRA/UST, Superfund and EPCRA Hotline
Toll-free: (800) 424-9346
Telephone: (703) 412-9810, (800)-535-7672 TDD
line for the hearing-impaired, or (703) 412-3323
TDD in the Washington DC area
Fax: (703) 603-9234 



This hotline provides information about the regulations and
programs implemented under RCRA, CERCLA (Superfund),
EPCRA/SARA Title III.  This hotline also provides referrals for
documents related to these programs. Translation is available for
Spanish-speaking callers.  
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Bilge and Ballast
Removal



Oil and Fuel Removal



Removal and Disposal of
Misc. Ship Machinery



National Response Center (NRC)
Toll-free: 1-800-424-8802 
Telephone: 703-412-9810 (Washington, D.C. area) 
Website: http://www.epa.gov/oilspill/NRC or
http://www.nrc.uscg.mil/



The National Response Center (NRC) is the federal        
government's national communications center, which is
staffed 24 hours a day by U.S. Coast Guard officers and
marine science technicians. The NRC receives all reports
of releases involving hazardous substances and oil that
trigger the federal notification requirements under several
laws.  It is the responsibility of the NRC staff to collect
available information on the size and nature of the release,
the facility or vessel involved, and the party(ies) responsible
for the release.  The NRC relays the spill information to
the EPA and/or the U.S. Coast Guard (USCG), depending
on the location of the incident.  The NRC records and
maintains all spill reports in a computer database called the
Emergency Response Notification System (ERNS), which
is available to the public. 



All processes OSHA Public Affairs
Telephone: 202-693-1999



9.3 ADDITIONAL CONTACTS AND RESOURCES



General Tools For Ship Scrapping Activities



OSHA Expert Advisor Tools



• Hazard Awareness Advisor - (Public Test Version *)  
This is a powerful, interactive, expert software to identify hazards in General Industry
workplaces. It can be accessed at http://www.osha.gov/oshasoft/hazexp.html.  It is
designed to help users, particularly small businesses, to identify and understand common
occupational safety and health hazards in their work places.  (*Note: Public Test
Versions do not represent official OSHA policy).



Once installed on your PC, it asks you about activities, practices, materials, equipment,
and policies in your work places, and it asks follow-up questions based on your answers.
From the users' answers, the Hazard Awareness Advisor draws inferences about the
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hazards that are likely to be present.  It prepares a customized report that briefly
describes the likely hazards and the OSHA standards which address those hazards. 



 This Advisor is an introduction to hazard recognition. It is NOT able to identify ALL
hazards. It is NOT a substitute for safety and health professionals. The system will NOT
determine compliance with OSHA standards. It is intended for beginners not experts. 



• $AFETY PAYS 
OSHA's "$AFETY PAYS" program is interactive software developed by OSHA to
assist employers in assessing the impact of occupational injuries and illnesses (with Lost
Work Days) on their profitability.  It uses a company's profit margin, the AVERAGE
costs of an injury or illness, and an indirect cost multiplier to project the amount of sales a
company would need to generate in order to cover those costs.  It can be accessed at
http://www.osha.gov/oshasoft/safetwb.html.



OSHA Technical Advisor Tools



• Respiratory Protection Technical Advisor - (Public Test Version *) 
 The purpose of this Advisor is to help you comply with the new OSHA respirator



standard.  This interactive online Advisor will instruct you on the proper selection of
respiratory protection and the development of change schedules for gas/vapor cartridges. 
It can be accessed at
http://www.osha-slc.gov/SLTC/respiratory_advisor/change_schedule.html.  (*Note:
Public Test Versions do not represent official OSHA policy).



Asbestos Removal and Disposal



EPA Asbestos Coordinators



EPA has asbestos coordinators, including TSCA and NESHAP coordinators, located in the
regional offices.  These coordinators (as of August 1999) are listed below.  For the most up-to-
date listing, your facility should check EPA’s asbestos website at
http://www.epa.gov/asbestos/contacts.htm. 
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EPA Asbestos Coordinator Information



Region TSCA Coordinator
Information



NESHAP Coordinator
Information



1 Jim Bryson
U.S. EPA, Region 1
One Congress Street
Suite 1100
Mailcode: CPT
Boston, MA 02214-2023
Telephone: (617) 918-1524
Fax: (617) 918-1505



Wayne Toland
U.S. EPA, Region 1
One Congress Street
Suite 1100
Mailcode: SEA
Boston, MA 02214-2023
Telephone: (617) 918-1852
Fax: (617) 918-1810



2 Bob Fitzpatrick
U.S. EPA, Region 2
290 Broadway, 21st Floor
Mailcode: DECA/ACB
New York, NY 10007-1866
Telephone: (212) 637-4042



 Fax: (212) 637-3998



Bob Fitzpatrick
U.S. EPA, Region 2
290 Broadway, 21st Floor
Mailcode: DECA/ACB
New York, NY 10007-1866
Telephone: (212) 637-4042



 Fax: (212) 637-3998



3 Garry Sherman
U.S. EPA, Region 3
1650 Arch Street
Mailcode: 3WC32
Philadelphia, PA 19103
Telephone: (215) 814-5267
Fax: (215) 814-3113



Garry Sherman
U.S. EPA, Region 3
1650 Arch Street
Mailcode: 3WC32
Philadelphia, PA 19103
Telephone: (215) 814-5267
Fax: (215) 814-3113



4 Alfreda Freeman
U.S. EPA, Region 4



 61 Forsyth Street SW
Mailcode: APTMD
Atlanta, GA 30303-8960
Telephone: (404) 562-8977
Fax: (404) 562-8972, 8973



Leia Richardson
U.S. EPA, Region 4



 61 Forsyth Street SW
Mailcode: 4APT-AEEB
Atlanta, GA 30303-8960
Telephone: (404) 562-9199
Fax: (404) 562-9164



5 Phil King
U.S. EPA, Region 5
77 West Jackson Boulevard
Mailcode: DT-8 J
Chicago, IL 60604
Telephone: (312) 353-9062
Fax: (312) 353-4342



Rochelle  Marceillars
U.S. EPA, Region 5
77 West Jackson Boulevard
Mailcode: AE-17 J
Chicago, IL 60604
Telephone: (312) 353-4370
Fax: (312) 353-8289











EPA Asbestos Coordinator Information



Region TSCA Coordinator
Information



NESHAP Coordinator
Information
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6 Neil Pflum
U.S. EPA, Region 6
1445 Ross Avenue Rm. 1200
Mailcode: 6T-ET
Dallas, TX 75202-2733
Telephone: (214) 655-2295
Fax: (214) 655-6762



Elvia Evering
U.S. EPA, Region 6
1445 Ross Avenue Rm 1200
Mailcode: 6EN-AT
Dallas, TX 75202-2733
Telephone: (214) 655-7575
Fax: (214) 655-7446



7 Greg Crable
U.S. EPA, Region 7
901 N. 5th Street
Kansas City, KS 66101
Telephone: (913) 551-7391
Fax: (913) 551-7065



Greg Crable
U.S. EPA, Region 7
901 N. 5th Street
Kansas City, KS 66101
Telephone: (913) 551-7391
Fax: (913) 551-7065



8 Bob Vick
U.S. EPA, Region 8
999 18th Street, Suite 500
Mailcode: 8ENF-T
Denver, CO 80202-2466
Telephone: (303) 312-6204
Fax: (303) 312-6409



Bob Vick
U.S. EPA, Region 8
999 18th Street, Suite 500
Mailcode: 8ENF-T
Denver, CO 80202-2466
Telephone: (303) 312-6204
Fax: (303) 312-6409



9 Patricia Maravilla
U.S. EPA, Region 9
75 Hawthorne Street
Mailcode: CMD-4-2
San Francisco, CA 94105
Telephone: (415) 744-1122
Fax: (415) 744-1073



Bob Trotter
U.S. EPA, Region 9
75 Hawthorne Street
Mailcode: A-3-3
San Francisco, CA 94105
Telephone: (415) 744-1145
Fax: (415) 744-1076



10 Jayne Carlin
U.S. EPA, Region 10
1200 6th Avenue
Mailcode: WCM-128
Seattle, WA 98101
Telephone: (206) 553-4762
Fax: (206) 553-8509



Kathleen S. Johnson
U.S. EPA, Region 10
1200 6th Avenue
Mailcode: OAQ-107
Seattle, WA 98101
Telephone: (206) 553-1757
Fax: (206) 553-0110



OSHA Expert Advisor Tool - The Asbestos Advisor 2.0
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The Asbestos Advisor 2.0 is an interactive compliance assistance tool.  It can be accessed at
http://www.osha.gov/oshasoft/asbestos/.  Once installed on your facility’s computer, it can
interview you (as the site supervisor) or your colleagues about buildings and worksites, and the
kinds of tasks workers perform there.  It will produce guidance on how the asbestos standard
may apply to that work. Its guidance depends on your answers.  This tool can provide general
guidance, but may also be focused on a particular project.  It provides pop-up definitions
through "hypertext."  Remember: This interactive expert program provides guidance, much as
you would get from a pamphlet.  It is NOT a substitute for the standards.



Sampling, Removal and Disposal of PCBs



EPA Regional PCB Coordinators



Within each EPA Region, the EPA Regional Administrator has designated regional PCB
coordinators to oversee the development of PCB efforts within each Region.  A list of these
coordinators, which is updated monthly, can be viewed at
http://www.epa.gov/opptintr/pcb/coordin.htm.  The PCB coordinators, as of December 1999,
are listed below.    
                 



EPA Regional PCB Coordinators



Region Contact and Phone Number Fax Number



1 Kim Tisa (617) 918-1527
Abdi Mohamoud (617) 918-1858



(617) 918-0527



2 Dave Greenlaw  (732) 906-6817
John Brogard (Permits) (212) 637-4162
Ann Finnegan (732) 906-6177
Dan Kraft   (732) 321-6669
Vivian Chin (732) 906-6179
Dorothy Zoledziowska (732) 906-6811



(732) 321-6788



3 Scott Rice (304) 231-0501
Charlene Creamer (215) 814-2145



(215) 814-3114



4 Stuart Perry (404) 562-8980
Craig Brown (404) 562-8990



(404) 562-8972











EPA Regional PCB Coordinators



Region Contact and Phone Number Fax Number
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5 Tony Martig (312) 353-2291
John Connell (312) 886-6832
Priscilla Fonseca (312) 886-1334
Jean Greensley (Permit Writer) (312) 353-1171
Steve Johnson (Permit Writer) (312) 886-1330



(312) 353-4788



6 Lou Roberts (214) 665-7579
Jim Sales (Permits) (214) 665-6796



(214) 665-7446



7 Dave Phillippi (913) 551-7395
Gene Evans (Permit Writer) (913) 551-7731
James Callier (Permits) (913) 551-7646



(913) 551-7065



8 Dan Bench (303) 312-6027
Francis Tran  (303) 312-6036
Kim Le (Enforcement) (303) 312-6973



(303) 312-6044 
(303) 312-6409



9 Max Weintraub (415) 744-1129
Christopher Rollins  (415) 744-1130
Yosh Tokiwa (415) 744-1118



(415) 744-1073



10 Dan Duncan (206) 553-6693
Cathy Massimino (206) 553-4153
Viccy Salazar (206) 553-1060



(206) 553-8509



Bilge and Ballast Water Removal



EPA Headquarters and EPA Regional NPDES and Pretreatment
Coordinators



If your facility has questions regarding its NPDES permit requirements, contact the appropriate
EPA permit regional contact. These contacts (as of October 1999) are listed below.  For the
most up-to-date listing, your facility should check EPA’s website at
http://www.epa.gov/owm/wm05000.htm#regions.



In addition, EPA regional industrial pretreatment coordinators and state pretreatment
coordinators are available to assist you with questions regarding your pretreatment
requirements.  These coordinators (as of October 1999) are listed below.  For the most up-to-











A Guide for Ship Scrappers:
Tips for Regulatory Compliance 9-14 Resources



date listing, your facility should check EPA’s website at
http://www.epa.gov/owm/permits/pretreat/ptregcon.htm.



EPA Headquarters
U.S. Environmental Protection Agency
Pretreatment and Multimedia Branch 



 Permits Division (MC4203)
1200 Pennsylvania Avenue, NW



 Washington, DC 20460
Telephone: (202) 260-1090
Fax: (202) 260-1460
Website: http://www.epa.gov/owm/



EPA Regional NPDES Permit and Industrial Pretreatment Coordinators



Regio
n



NPDES Permit Coordinator
Information



Industrial Pretreatment Coordinator
Information



1 Roger Janson 617-918-1621
Fax: 617-918-1505



U.S. EPA, Region 1
Water Quality Management Unit
One Congress Street Suite 1100
Boston, MA 02214-2023



Justin (Jay) Pimpare (617) 918-1531
Joseph Canzano (617) 918-1763



Fax: (617) 918-2064
U.S. EPA, Region 1
One Congress Street  Suite 1100-CMU
Boston, MA 02214-2023



2 Walter Andrews (212) 637-3880
Fax: 212-637-3887



Phil Sweeney 212-637-3873
Chief, Permits & Pretreatment
Section



U.S. EPA, Region 2
Water Programs Branch
290 Broadway, 21st Floor
New York, NY 10007 



Virginia Wong (212) 637-4241
Phil Sweeney (212) 637-3873
Jacqueline Rios (212) 637-3859



Fax: (212) 637-4211



U.S. EPA, Region 2
Water Compliance Branch
290 Broadway, 20th Floor
New York, NY 10007-1866











EPA Regional NPDES Permit and Industrial Pretreatment Coordinators



Regio
n



NPDES Permit Coordinator
Information



Industrial Pretreatment Coordinator
Information
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 3 Joseph Piotrowski 215-814-5730 
Fax: 215-814-2301



               
U.S. EPA, Region 3
Office for Watersheds
1650 Arch Street
Philadelphia, PA 19103



John Lovell (215) 814-5790
Steve Copeland (215) 814-5792



Fax: (215) 814-2302



U.S. EPA, Region 3
Office of Municipal Assistance
1650 Arch Street (3WP24) 
Philadelphia, PA 19103-2029



 4 Douglas Mundrick 404-562-9328 
Fax: 404-562-8692



U.S. EPA, Region 4
Surface Water Permits & Facilities
Branch 
61 Forsyth Street SW
Atlanta, GA 30303-8960



Melinda Mallard Greene (404) 562-9771
Fax: (404) 562-9729



U.S. EPA, Region 4
Atlanta Federal Center - 16th Floor
Water Permits & Enforcement Branch 
61 Forsyth Street, SW
Atlanta, GA 30303-3415



 5 Gene Chaiken 312-886-0120 
Fax: 312-886-7804



            
U.S. EPA, Region 5
NPDES Support & Technical
    Assistance Branch
77 West Jackson Boulevard
Chicago, IL 60604-3507



Matthew Gluckman (312) 886-6089
Cathy Scudieri (312) 353-2098
Carol Staniec (312) 886-1436



Fax: (312) 886-7804



U.S. EPA, Region 5
NPDES Support & Technical Assistance
Branch (WN-16J)
77 West Jackson Boulevard
Chicago, IL 60604-3507











EPA Regional NPDES Permit and Industrial Pretreatment Coordinators



Regio
n



NPDES Permit Coordinator
Information



Industrial Pretreatment Coordinator
Information
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 6 Jack V. Ferguson 214-665-7170 
Fax: 214-665-2191



U.S. EPA, Region 6
Permits Branch
1445 Ross Avenue
Dallas, TX 75202-2733



Lee Bohme (214) 665-7532
Mike Tillman (214) 665-7531
Al Hernandez (214) 665-7522



Fax: (214) 665-2191/665-6490



U.S. EPA, Region 6
NPDES Permits Branch (6WQ-PO) 
1445 Ross Avenue
Dallas, TX 75202-2733



Bob Goodfellow (214) 665-6632
Fax: (214) 665-2168



U.S. EPA, Region 6
Water Enforcement Branch (6EN-WO) 
1445 Ross Avenue 
Dallas, Texas 75202-2733



7 Paul Marshall 913-551-7419 
Fax: 913-551-7765



            
U.S. EPA, Region 7
NPDES, Facilities Management
Branch
726 Minnesota Avenue
Kansas City, KS 66101



Paul Marshall, P.E. (913) 551-7419
Mike Turvey (913) 551-7424



Fax: (913) 551-7765



U.S. EPA, Region 7
726 Minnesota Avenue
Kansas City, KS 66101



8 Steve Tuber 303-312-6260 
Fax: 303-312-7084



            
Debrah Thomas 303-312-6373 



Fax:303-312-7084
            
U.S. EPA, Region 8
Water Program
999 18th Street, Suite 500
Denver, CO 80202-2413



Curt McCormick (303) 312-6377
Fax: (303) 312-7084



U.S. EPA, Region 8
NPDES Branch (8P-W-P) 
999 18th Street Suite 500
Denver, CO 80202-2466











EPA Regional NPDES Permit and Industrial Pretreatment Coordinators



Regio
n



NPDES Permit Coordinator
Information



Industrial Pretreatment Coordinator
Information
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9 Terry Oda              415-744-2001 
Fax: 415-744-1235



U.S. EPA, Region 9
Standards and Permits Office
75 Hawthorne Street
San Francisco, CA 94105



Keith Silva (415) 744-1907
Fax: (415) 744-1235



U.S. EPA, Region 9
Clean Water Act Compliance Office
(WTR-7) 
75 Hawthorne Street
San Francisco, CA 94105



10 Bob Robichaud 206-553-1448 
Fax: 206-553-0165



U.S. EPA, Region 10
NPDES Permits Unit
1200 6th Avenue
Seattle, WA 98101



Sharon Wilson (206) 553-0325
Fax: (206) 553-0165/553-1280



U.S. EPA, Region 10
NPDES Permits Unit (OW-130) 
1200 6th Avenue
Seattle, WA 98101



Oil and Fuel Removal



EPA Headquarters and EPA Regional SPCC/FRP Contacts and Spill Lines



If your facility has questions regarding its SPCC/FRP requirements, contact the appropriate
EPA regional contact. These contacts (as of October 1999) are listed below.  For the most up-
to-date listings, your facility should check EPA’s website at
http://www.epa.gov/oilspill/sspcccont.htm. 



In the event of a discharge of oil, your facility should contact the appropriate EPA regional spill
line listed below.  For the most up-to-date listings, your facility should check EPA’s website at
http://www.epa.gov/oilspill/.
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EPA Headquarters
U.S. Environmental Protection Agency
Director, Oil Program  (5203G)
1200 Pennsylvania Avenue, NW



 Washington, DC 20460
Telephone: (703) 603-8760



U.S. Environmental Protection Agency
Oil Spill Program
1200 Pennsylvania Avenue, NW



 Washington, DC 20460
Website: Http://www.epa.gov/oilspill



U.S. Environmental Protection Agency
Chemical Emergency Preparedness and Prevention Office
1200 Pennsylvania Avenue, NW



 Washington, DC 20460
Website: Http://www.epa.gov/swercepp



EPA Regional SPCC/FRP Contacts and Spill Lines



Regio
n



SPCC/FRP Contact Information Spill Line



1 SPCC/FRP Coordinator 
c/o Emergency Response Section
U.S. EPA - Region I (HBR)
1 Congress St., Suite 1100
Boston, MA 02114-2023



617-223-7265



2 SPCC Coordinator
U.S. EPA - Region II
2890 Woodbridge Ave.
Building 209, MS211
Edison, NJ 08837-3679



(732) 548-8730



 3 SPCC Coordinator
U.S. EPA - Region III
1650 Arch St. (3HS32)
Philadelphia, PA  19103-2029



(215) 566-3255











EPA Regional SPCC/FRP Contacts and Spill Lines



Regio
n



SPCC/FRP Contact Information Spill Line
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 4 SPCC/FRP Coordinator
U.S. EPA - Region IV
61 Forsyth St.
Atlanta, GA 30365-3415



(404) 562-8700



 5 Oil Program Section Chief
U.S. EPA - Region V (SE5J)
77 W. Jackson Blvd.
Chicago, IL 60604-3590



(312) 353-2318



 6 SPCC/FRP Coordinator
U.S. EPA - Region VI (6SF-RP)
1445 Ross Ave.
Dallas, TX 75202-2733



(214) 665-222



7 Oil/SPCC Coordinator
U.S. EPA - Region VII
(SUPRER+R)
901 N. 5th Street.
Kansas City, KS 66101



(913) 281-0991



8 Oil Program Coordinator
U.S. EPA - Region VIII (8EPR-SA)
999 18th St., Suite 500
Denver, CO 80202-2466



(303)-293-1788



9 Oil Team/SPCC Coordinator
U.S. EPA - Region IX (SFD1-4)
75 Hawthorne St.
San Francisco, CA 94105



(415) 744-2200











EPA Regional SPCC/FRP Contacts and Spill Lines



Regio
n



SPCC/FRP Contact Information Spill Line
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10 SPCC/FRP Coordinator
U.S. EPA - Region X
1200 6th Ave. (ECL-216)
Seattle, WA 98101



Alaska SPCC/FRP Coordinator
U.S. EPA - Alaska Operations Office
Federal Building/Room 537
222 West 7th Ave., #19
Anchorage, AK 99513-7588 



(206) 553-1263



EPA Regional Solid Waste and Hazardous Waste Programs



For information about regional solid waste and hazardous waste programs, access
http://www.epa.gov/epaoswer/osw/regions.htm#reg.
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Paint Removal and Disposal



EPA Regional Solid Waste and Hazardous Waste Programs



For information about regional solid waste and hazardous waste programs, access
http://www.epa.gov/epaoswer/osw/regions.htm#reg.



EPA Regional and State Water Programs



For information about regional and state water programs, access
http://www.epa.gov/ow/region.html.



Metal Cutting and Metal Disposal



EPA Regional and State Water Programs



For information about regional and state water programs, access
http://www.epa.gov/ow/region.html.



Removal and Disposal of Miscellaneous Ship Machinery



Please refer to the resources listed in the addition contacts and resource section in Section 9.3.



9.4 PUBLICATIONS AND INTERNET SITES



General



Environmental Assessment of the Sale of National Defense Reserve Fleet Vessels for
Scrapping.  The Maritime Administration, U.S. Department of Transportation. Report No.
MA-ENV-820-96003. July 1997.



Appendix A: The Legal Environment for Environmentally Compliant Ship
Breaking/Recycling in the United States.  The Maritime Administration, U.S. Department of
Transportation. Report No. MA-ENV-820-96003-A. July 1997.



Appendix B: Substantive Law on Environmentally Compliant Ship Breaking/Recycling in
the United States.  The Maritime Administration, U.S. Department of Transportation.  Report
No. MA-ENV-820-96003-B. July 1997.
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Appendix C: Current and Advanced Technologies for the Ship Breaking/Recycling
Industry.  The Maritime Administration, U.S. Department of Transportation.  Report No. MA-
ENV-820-96003-C.  July 1997.



Appendix D: Sampling and Analysis.  The Maritime Administration, U.S. Department of
Transportation.  Report No. MA-ENV-820-96003-D.  July 1997.



Appendix E: Survey of Ships and Materials.  The Maritime Administration, U.S. Department
of Transportation.  Report No. MA-ENV-820-96003-E. July 1997.



Appendix F: The Markets, Cost and Benefits of Ship Breaking/Recycling in the United
States.  The Maritime Administration, U.S. Department of Transportation.  Report No. MA-
ENV-820-96003-F.  July 1997.



Memo to Honorable John Glenn regarding ship scrapping.  Prepared by U.S. General
Accounting Office, National Security and International Affairs Division. 1998



Ship Scrapping Activities of the United States Government. The Subcommittee on Coast
Guard and Maritime Transportation Hearing,  June 4, 1998.



Report of the Interagency Panel on Ship Scrapping, April 1998.
Http://www.denix.osd.mil/denix/Public/News/OSD/Ships/Final/final.html



Multimedia Compliance Monitoring Investigation Protocol for the Ship Scrapping
Industry, U.S. Environmental Protection Agency, National Enforcement Investigations Center,
EPA-331/9-99-001, February 1999.



The Yellow Book: Guide to Environmental Enforcement and Compliance at Federal
Facilities, U.S. Environmental Protection Agency, Office of Enforcement and Compliance
Assurance, EPA 315-B-98-011, February 1999.



Asbestos Removal and Disposal



A Guide to the  Asbestos NESHAP, U.S. Environmental Protection Agency, Air and
Radiation, EPA 340/1-90-015, Revised November 1990.



Reporting and Recordkeeping Requirements for Waste Disposal - A Field Guide, U.S.
Environmental Protection Agency, Air and Radiation, EPA 340/1-90-016, November 1990.
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Asbestos/NESHAP Adequately Wet Guidance, U.S. Environmental Protection Agency, Air
and Radiation, EPA 340/1-90-019, December 1990.



Asbestos/NESHAP Regulated Asbestos Containing Materials Guidance, U.S.
Environmental Protection Agency, Air and Radiation, EPA 340/1-90-018, December 1990.
OSHA: Asbestos Standard for Construction (OSHA 3096), OSHA: Asbestos Standard for
General Industry (OSHA 3095), and OSHA: Asbestos Standard for the Shipyard Employment
Industry (OSHA 3145).



Common Questions on the Asbestos NESHAP, U.S. Environmental Protection Agency, Air
and Radiation, EPA 340/1-90-021, December 1990.



Shipyard Industry, U.S. Department of Labor, Occupational Safety and Health
Administration, OSHA 2268, 1998 (Revised).



Multimedia Compliance Monitoring Investigation Protocol for the Ship Scrapping
Industry, U.S. Environmental Protection Agency, National Enforcement Investigations Center,
EPA-331/9-99-001, January 1999.



OSHA Fact Sheet - Better Protection Against Asbestos in the Workplace (93-06), U.S.
Department of Labor, Occupational Safety and Health Administration, 1/1/93.
Http://www.osha-slc.gov/OshDoc/Fact_data/FSN093-06.html



Inspection Procedures for Occupational Exposure to Asbestos Final Rule 29 CFR Parts
1910.1001, 1926.1101, and 1915.1001, OSHA Directive CPL 2-2.63 (REVISED), U.S.
Department of Labor,  Occupational Safety and Health Administration, 11/03/95. 
Http://www.osha-slc.gov/OshDoc/Directiv_data/CPL_2-2_63_REVISED_.html



OSHA Web Site on Asbestos
Http://www.osha-slc.gov/SLTC/asbestos/index.html



Information on Asbestos
Http://www.epa.gov/opptintr/asbestos/inforev.txt



EPA Asbestos Materials Bans: Clarification, May 18, 1999
Http://www.epa.gov/asbestos



Sampling, Removal and Disposal of PCBs
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EPA’s PCB Home Page.
Http://www.epa.gov/pcb/



Office of Prevention, Pesticides and Toxic Substances Home Page
Http://www.epa.gov/opptintr/



1994 PCB Questions and Answers Manual
Http://www.epa.gov/opptintr/pcb/manual.pdf



Letter to MARAD from EPA, November 30, 1995.  Includes Sampling Ships for PCBs
Regulated for Disposal.



EPA Fact Sheet. Final Rule: Amendments to the TSCA PCB Disposal Regulations
Including Amendments to the PCB Notification and Manifesting Rule, June 1998. U.S.
Environmental Protection Agency.
Http://www.epa.gov/opptintr/pcb/pcbfs.pdf



40 CFR Parts 750 and 761 - Disposal of Polychlorinated Biphenyls (PCBs); Final Rule,
Federal Register, June 29, 1998, Page 35383-35474. 
Http://www.epa.gov/opptintr/pcb/pcbdisp.txt 
Http://www.epa.gov/opptintr/pcb/pcbdisp.pdf



40 CFR 761 - Polychlorinated Biphenyls (PCBs) Manufacturing, Processing,            
Distribution in Commerce, and Use Prohibition, Federal Register,  July 1, 1998, Page
495-637. 
Http://www.epa.gov/opptintr/pcb/761.txt or 
Http://www.epa.gov/opptintr/pcb/cfr3.pdf



Technical and Procedural Amendments to TSCA Regulations--Disposal of
Polychlorinated Biphenyls (PCBs), Federal Register, June 24, 1999, Page 33755-33762.
Http://www.epa.gov/opptintr/pcb/techcorr.txt or 
Http://www.epa.gov/opptintr/pcb/techcorrs.pdf



1999 PCB Questions and Answers Manual - Part 1 of a 3-Part Document. 
Http://www.epa.gov/pcb/qapt1.pdf



1999 PCB Questions and Answers Manual - Part 2 of a 3-Part Document. 
Http://www.epa.gov/pcb/qapt2.pdf
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Bilge and Ballast Water Removal



EPA’s Office of Wastewater Management.
Http://www.epa.gov/owm/



Joint Service P2 Opportunity Handbook, Section 9. Wastewater.  Prepared by the Naval
Facilities Engineering Service Center (NFESC), under the direction of the Office of the Chief of
Naval Operations (CNO-N45) and the Naval Facilities Engineering Command (NAVFAC),
the Air Force Center for Environmental Excellence (AFCEE), the Army Environmental Center
(AEC), Headquarters Marine Corps (HQMC), the Defense Logistics Agency (DLA), and the
Coast Guard (USCG).
Http://enviro.nfesc.navy.mil/p2library/section9.html



Phase I. Uniform National Discharge Standards for Vessels of The Armed Forces.
Technical Development Document, Appendix A - Nature of Discharge Reports for
Surface Vessel Bilgewater/Oil Water Separator Discharge; Clean Ballast; Compensated
Fuel Ballast; and Dirty Ballast, U.S. Environmental Protection Agency, EPA 821-R-99-001.
April 1999.
Http://206.5.146.100/n45/doc/unds/finrule/TDD/TDD.pdf



Understanding Oil Spills and Oil Spill Response, U.S. Environmental Protection Agency,
EPA 540-K-93-003, October 1993.



Environmental Regulations and Technology: Managing Used Motor Oil, U.S.
Environmental Protection Agency, EPA 625-R-94-010, December 1994.



Oil Spill Program Compliance Assistance Guides, U.S. Environmental Protection Agency.
Guides referenced include:
S Introduction and Background on the Oil Pollution Prevention Regulation
S Who’s Who: Federal Agency Roles and Responsibilities for Oil Spill Prevention



and Response
S What to Expect During an SPCC/FRP Inspection
S Facility Response Planning
S Sample SPCC Plan and Sample Containment Volume Calculations
S SPCC Requirements for Facilities Conducting Large Volume Transfer Operations
S Oil Spill Notification, Response, and Recovery
Http://www.epa.gov/oilspill



Office of Underground Storage Tanks Publications:
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S Financing Underground Storage Tank Work: Federal and State Assistance Programs,
EPA-510-B-99-002, March 1999.



S Getting The Most Out Of Your Automatic Tank Gauging System,
EPA-510-F-98-011,  March 1998.



S List of Integrity Assessment Evaluations for Underground Storage Tanks -3rd Edition,
January 22, 1999. 



S List of Leak Detection Evaluations for UST Systems - 6th Edition, August 23, 1999. 
Http://www.epa.gov/swerust1/pubs/index.htm



Fuel and Oil Removal



Understanding Oil Spills and Oil Spill Response, U.S. Environmental Protection Agency,
EPA 540-K-93-003, October 1993.



Environmental Regulations and Technology: Managing Used Motor Oil, U.S.
Environmental Protection Agency, EPA 625-R-94-010, December 1994.



Oil Spill Program Compliance Assistance Guides, U.S. Environmental Protection Agency.



Guides referenced include:
S Introduction and Background on the Oil Pollution Prevention Regulation
S Who’s Who: Federal Agency Roles and Responsibilities for Oil Spill Prevention



and Response
S What to Expect During an SPCC/FRP Inspection
S Facility Response Planning
S Sample SPCC Plan and Sample Containment Volume Calculations
S SPCC Requirements for Facilities Conducting Large Volume Transfer Operations
S Oil Spill Notification, Response, and Recovery
Http://www.epa.gov/oilspill



U.S. Coast Guard - Marine Safety and Environmental Protection (Response Information)
Http://www.uscg.mil/hq/g-m/nmc/response/index.htm



EPA’s Chemical Emergency Preparedness and Prevention Office
Http://www.epa.gov/swercepp



Office of Underground Storage Tanks Publications:
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S Financing Underground Storage Tank Work: Federal and State Assistance Programs,
EPA-510-B-99-002, March 1999.



S Getting The Most Out Of Your Automatic Tank Gauging System,
EPA-510-F-98-011,  March 1998.



S List of Integrity Assessment Evaluations for Underground Storage Tanks -3rd Edition,
January 22, 1999. 



S List of Leak Detection Evaluations for UST Systems - 6th Edition, August 23, 1999. 
Http://www.epa.gov/swerust1/pubs/index.htm



Tank Cleaning Process, OSHA web document. 
Http://www.osha-slc.gov/SLTC/shipbuildingrepair/tankcleaning.html/  



 
Piskura, John R.  Oil and Hazardous Material Spills, Marine Environmental Engineering
Handbook



Paint Removal and Disposal



Profile of the Shipbuilding and Repair Industry, U. S. Environmental Protection Agency,
EPA/310-R-97-008, November 1997.



Draft Presumptive Maximum Achievable Control Technology for the Paint Stripping
Operations Source Category.  U.S. Environmental Protection Agency, Office of Air Quality
Planning and Standards.  January 1999.



Bridges & Structures Q&A: Proposed Rulemaking  Effort for OPPT’s Bridges & Structures,
Lead-based Paint Activities Rule: Frequently Asked Questions.  U.S. Environmental Protection
Agency.  June 1999.



Pollution Prevention at Shipyards–A Northwest Industry Roundtable Report: Appendix
C: Shipyard Best Management Practices.  Compiled by the Washington Department of
Ecology.  
Http://www.pprc.org/pprc/sbap/shipyard



The Paint and Coatings Resource Center
Http://www.paintcenter.org



EPA’s Office of Wastewater Management.
Http://www.epa.gov/owm/
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Metal Cutting and Disposal



Appendix F: The Markets, Cost and Benefits of Ship Breaking/Recycling in the United
States.  The Maritime Administration, U.S. Department of Transportation.  Report No. MA-
ENV-820-96003-F.  July 1997.



Profile of the Shipbuilding and Repair Industry, U. S. Environmental Protection Agency,
EPA/310-R-97-008, November 1997.



International Scrap Directory, Worcester Park, Surrey, England: Metal Bulletin Books, Ltd.,
1993.



EPA’s Office of Wastewater Management.
Http://www.epa.gov/owm/



The National Metal Finishing Center
Http://www.nmfrc.org



Removal and Disposal of Miscellaneous Ship Machinery



Appendix F: The Markets, Cost and Benefits of Ship Breaking/Recycling in the United
States.  The Maritime Administration, U.S. Department of Transportation.  Report No. MA-
ENV-820-96003-F.  July 1997.



The Paint and Coatings Resource Center
Http://www.paintcenter.org
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APPENDIX A
WHY THIS GUIDE WAS DEVELOPED



Recommendations of the Interagency Panel on Ship Scrapping



This guide was developed in response to a recommendation in 1998 by the Interagency Panel
on Ship Scrapping.  This panel, which was formed in December 1997 by the Department of
Defense, included representatives from EPA; the Defense Logistics Agency (DLA); and the
Departments of State, Navy, Justice, Labor, and Transportation.  The panel was convened in
response to issues raised in a series in The Baltimore Sun newspaper about the poor
environmental, health, and safety conditions in both domestic and overseas scrapping facilities. 



The panel reviewed both domestic and international issues relating to the ship scrapping
industry.  These issues included, but were not limited to:



• U.S. Department of the Navy (Navy) and U.S. Maritime Administration (MARAD)
programs for scrapping ships



• Processes and procedures in place for domestic as well as international ship scrapping



• Information about the hazardous and toxic materials on scrapped ships



• Criteria used to evaluate contractor proposals and bids



• Oversight of ship scrapping contractor operations



• Export of non-liquid PCBs in vessels to be scrapped



Based on this review, the panel developed a set of  recommendations which were  presented in
the April 20, 1998  Report of the Interagency Panel on Ship Scrapping.  The
recommendations covered many aspects of the ship scrapping industry, including contracting
improvements, performance bonds, data gathering and pilot projects, PCB guidance, leveraging
regulatory oversight, and international issues.  The panel’s report can be viewed in its entirety at
http://www.denix.osd.mil/denix/Public/News/OSD/
Ships/Final/final.html.
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Under the category of leveraging regulatory oversight, the panel recommended that EPA and
the Occupational Safety and Health Administration (OSHA), in conjunction with DLA, the
Navy, and MARAD, develop this compliance guide.  The guide outlines the relevant
environmental and occupational health and safety requirements applicable to ship scrapping. 



Gathering Stakeholder Input 



In the early stages of developing this guide, EPA requested input from various stakeholders,
including ship scrappers and federal and state regulators,  regarding the scope, content, and
format of the guide.  The following comments were provided:



• Stakeholders identified several processes that could be addressed in the guide because
they pose the greatest challenges in compliance.  These processes included PCB
sampling and removal; asbestos identification and removal; contaminated wastewater;
copper wire control procedures; and lead contamination (both at the site and by
worker exposure).



• Stakeholders commented that they were not aware of any existing guidance, other than
the regulations, for this industry.  They currently obtain guidance from OSHA, EPA,
state and local regulatory agencies, or the U.S. Coast Guard (USCG) on an ad hoc
basis.  Some noted that they rely on the regulations found in the CFR, while others are
using information found on the Internet.



• Stakeholders identified training as a key requirement to enhance compliance. 
However, they noted that language is often a prominent obstacle when providing
training because many workers are not fluent in English.



Leading and Supporting Guide Development



EPA’s Federal Facilities Enforcement Office (FFEO) within the Office of Enforcement and
Compliance Assurance and the Manufacturing, Energy and Transportation Division of EPA’s
Office of Compliance led the development of this compliance guide.  To assist in this process,
EPA formed the Interagency Ship Scrapping Compliance Manual/Guide Workgroup, which
included representatives from EPA, USCG, Navy, Defense Reutilization and Marketing
Service (DRMS), OSHA, MARAD, National Enforcement Investigations Center (NEIC),
National Oceanic and Atmospheric Administration (NOAA), and the DLA.



A.1 OVERVIEW OF SHIP SCRAPPING
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The Ship Scrapping Industry



As part of the domestic ship scrapping industry, your facility is one of a small number of
facilities that primarily dismantles or breaks ships, commonly called ship scrapping.  Basically,
when scrapping a ship, facilities are able to recover certain materials, mainly scrap steel, copper
and other metals, that can be resold or recycled.  Additionally, wastes are generated during
scrapping that must be managed and disposed of according to the appropriate regulations.



According to the North American Industry Classification System (NAICS) (see box below), 
facilities that conduct ship scrapping are classified in NAICS Code 48839 Other Support
Activities for Water Transportation.  Previously, the Standard Industrial Classification (SIC)
Code for facilities engaged in ship dismantling or ship breaking was 4499 Water
Transportation Services, Not Elsewhere Classified. 



As mentioned above, the domestic ship scrapping industry has historically been and presently
remains small. Currently, there are approximately four private ship scrappers in the United
States, located in California, Maryland, Pennsylvania, and Texas, actively scrapping federal
surplus ships.  The small size of this industry can partially be attributed to the risky nature of the
work.  Ship scrapping is a labor-intensive industry with extremely high environmental and
worker safety and health risks.  Ship scrappers typically hire workers with a variety of  skills
and training, including welders, crane operators, forklift operators, sweepers, and loaders.  At
some facilities, it is common that supervisors are bilingual because some workers are not able
to speak English.



Although ship scrapping can be done at a shipyard, it is more often conducted at less
developed facilities.  Ship scrapping sites are typically less than 10 acres, are located in urban
industrial areas coincident with other industrial and maritime-related facilities, and require
substantial electrical services.  Rail access to the sites is often available, although some
scrapping is done in areas serviced only by truck.  Ship scrapping facilities usually work on one
or two ships at a time, completing 2-3 ships per year. 



A New Industry Classification System  
In the United States, the NAICS replaces the SIC system.  NAICS was developed jointly by
the U.S., Canada, and Mexico to provide new comparability in statistics about business
activity across North America.  NAICS also provides for increased comparability with the
International Standard Industrial Classification System (ISIC, Revision 3), developed and
maintained by the United Nations.  For more information on NAICS, access
http://www.census.gov/epcd/www/naics.html.
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The Process of Ship Scrapping



After removal from the fleet site, a ship is towed to the site where ship scrapping will occur. 
The ship is then scrapped while either moored, beached, or in drydock.  Most ship scrapping is
performed at slips, which are dredged openings in the bank of the ship channel.  Slips are
generally 400 to 700 feet long and 100 to 120 feet wide at the entrance.  A large winch at the
head of the slip is used to drag the hull farther into the slip as work progresses.  The scrapping
process usually occurs in a series of steps:   



• Conduct a vessel survey.  A diagram of all rooms, compartments, tanks, and storage
areas is used (or prepared if not available) to identify areas that may contain hazardous
materials, such as fuels, oils, asbestos, PCBs, and hazardous waste.  Preliminary
sampling of media is conducted, starting in the compartment that will be cut first.



• Remove fuels, oils, and other liquids .  The removal of fuels, oils, other liquids (e.g.,
bilge and ballast water), and combustible materials from the ship generally occurs
throughout the ship scrapping process.  The U.S. Coast Guard requires booms around
the ship to help contain any spills.  Following removal activities, a marine chemist is
contracted to certify that the ship is safe for workers or safe for hot work allowing the
issuance of hot work permits.  Hot work permits allow cutting torches and saws to be
used to dismantle the ship.  During the ship scrapping process, water will continue to
accumulate and will have to be removed.



• Remove equipment.  Fixtures, anchors, chains, and small equipment are removed
initially.  Large reusable components (e.g., engine parts) are removed as they become
accessible.  Reusable materials and equipment may be sold directly with little or no
refurbishment by the scrapping facility.  Propellors may also be removed so the hulk
can be pulled into shallow water.



 
• Remove and dispose of asbestos and PCBs.  Asbestos-containing material (ACM)



is removed from cut lines so that large sections of the ship can be removed.  The engine
rooms usually contain the most asbestos and, therefore, take the longest for asbestos
removal to be complete. PCB-containing materials that are accessible are removed, as
well as PCB-containing materials from areas to be cut.  Some PCB-containing
materials may be left in place on the room-sized pieces, only to be removed after the
large piece is moved to shore.



• Prepare surfaces for cutting.  Following asbestos and PCB removal, paint is
removed, if required, from surfaces to be cut.  The presence of hard-to-remove and
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potentially toxic materials may require specific cut-line preparation, such as grit blasting.



• Cut metal.  During the cutting phase, the upper decks and the superstructure and
systems are first cut, followed by the main deck and lower decks.  Metal cutting is
typically done manually using oxygen-fuel cutting torches, but may be done with shears
or saws (for nonferrous metals).  Typically, as large parts of the ship are cut away, they
are lifted by crane to the ground where they are cut to specific shapes and sizes
required by the foundry or smelter to which the scrap is shipped.  As cutting continues
and the weight of the structure is reduced, the remaining hulk floats higher, exposing
lower regions of the hull.  Bilge water is sampled and discharged appropriately. 
Ultimately, the remaining portion of the hull is pulled ashore and cut. 



• Recycle or dispose of materials.  Scrap
metals, including steel, aluminum, copper, copper
nickel alloy, and lesser amounts of other metals,
are sorted by grade and composition and sold to
remelting firms or to scrap metal brokers. 
Valuable metals, such as copper in electric cable,
that are mixed with nonmetal material may be
recovered using shredders and separators.  The
shredders produce a gravel-like mixture of metal
particles and non-metal “fluff” (see box).  The
metals are then separated from the fluff using
magnetic separators, air flotation separator
columns, or shaker tables.  



Other materials that are not recycled, including hazardous materials and other wastes,
are disposed of according to applicable laws and regulations.



A.2 THE UNITED STATES SHIP SCRAPPING PROGRAM



Currently, federal agencies have approximately 250 ships located throughout the United States
awaiting scrapping or some other method of disposal (e.g., such as donating them to an
organization or using them for experimental and training purposes).  The Navy and MARAD
own the majority of these government ships.



What is “fluff”?  Fluff is a term
used in the recycling trade for
solid and liquid nonrecoverable,
nonmetallic materials obtained
during the ship scrapping
process. Fluff is not salable. 
Because it contains regulated
hazardous waste (e.g.,
asbestos, PCBs,
hydrocarbons), it must be
managed and disposed of
according to the hazardous
waste regulations (40 CFR 261-
270).











3 The date was changed from September 30, 1999, to September 30, 2001, by Section 1026 of the
National Defense Authorization Act of 1998, Public Law 105-85.
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Many of the vessels currently designated for scrapping were built in the 1940s, 1950s, and
1960s using what was then state-of-the-art material in their construction.  Many of these
materials have since been classified as hazardous, including, but are not limited to, asbestos,
PCBs, lead, chromates, mercury, and cadmium.  Recently, the U.S. Government ship
scrapping program has come under criticism because some ship scrapping companies have
violated environmental standards, worker health and safety regulations, and accepted ship
scrapping practices.  Some instances of illegal dumping of asbestos, PCBs, oil, lead, and
chromates, as well as dangerous working conditions, have been reported in the United States. 



MARAD is the U.S. Government disposal agent for surplus merchant-type ships of 1,500 tons
or more.  To comply with the National Maritime Heritage Act (NMHA) of 1994, MARAD has
to dispose of certain obsolete, surplus ships by September 30, 20013.  In disposing of these
ships, MARAD is required to maximize the financial return on the vessels to the United States,
and comply with Section 510(I) of the Merchant Marine Act. To meet these objectives,
MARAD is compelled to scrap the majority of these vessels because other alternatives, such as
transferring the vessels for use as reefs or using the vessels for nontransportation uses, are
limited by MARAD’s disposal authority.



In the 1970s and early 1980s, the Navy scrapped hundreds of ships using private contractors. 
Navy ship scrapping was minimal throughout the 1980s because of the naval build up, but
increased in 1991 as part of military downsizing.  Historically, Navy ships have been sold for
scrapping by its sales agent, the Defense Reutilization and Marketing Service (DRMS).  As of
May 1999, DRMS will no longer sell Navy ex-combatant ships for scrapping, but will,
however, continue to administer the existing sales contracts for scrapping these ships. DRMS
will continue to sell Navy service craft and boats for scrapping as appropriate.  



As of September 1999, the Navy had 63 ships designated for scrapping and MARAD
reported having 113 ships available for scrapping.  Also, the U.S. Coast Guard (USCG) and
NOAA reported having several ships available for scrapping -- 14 and three, respectively.  The
combined weight of the Navy and MARAD surplus ships is approximately one million tons.  If
not scrapped, the storage, maintenance, and security of the surplus ships will cost the
government approximately $58 million between fiscal years 1999 and 2003.  Some MARAD
surplus ships are in very poor condition and may need repairs to stay afloat.  MARAD
estimates that its annual dry-docking and repair costs could be as high as $800,000 per ship.
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Scrapping Domestically Versus Internationally



According to a 1997 MARAD study, the ship scrapping industry is a risky, highly speculative
business, and domestic ship scrapping companies tend to be thinly capitalized.  Despite efforts
by the Navy and MARAD to dispose of ships domestically, there appear to be only a few
qualified domestic scrapping firms. 



In terms of international scrapping activity, the export of ships for scrapping from the United
States to foreign countries has come under criticism in recent years.  The criticism mainly
focuses on reports that some foreign scrapping facilities are creating environmental problems
due to the poor management of PCBs and other hazardous materials removed from ships, and
they are risking the health and safety of their workers.  In addition, foreign laws and regulations
are viewed as poorly enforced.



Historically, government-owned ships have
been scrapped both domestically 
and overseas.  The Navy, as shown in Exhibit
1, has relied mainly on the domestic industry to
scrap its ships, while MARAD has relied
primarily on overseas scrapping. The Navy has
not sold any ships for overseas scrapping since
1982. MARAD suspended overseas
scrapping in 1994 in response to a 1993 EPA
letter advising MARAD that exporting PCBs
greater than 50 ppm for disposal was
prohibited.  



Recognizing a need to reduce their backlog of surplus ships and the limitations of the domestic
scrapping efforts, the Navy and MARAD each negotiated an agreement with EPA in 1997 to
allow the export of ships for scrapping.  These agreements provided for:



(1) Removing all liquid PCBs prior to export.



(2) Removing all items containing solid PCBs that are readily removable when it does not
affect the structural integrity of the ship prior to export.



(3) Notifying a country of a pending sale of a ship (which is being exported for scrapping
from the United States) to one of its ship scrapping companies. 



Exhibit 1. Overseas Ship Scrapping by
Navy and MARAD



  
 Timeframe



Number of ships scrapped
(% scrapped overseas)



Navy MARAD



1970 - 1982 533 (10%) 781 (38%)



1983 - 1994 35 (0%) 213 (>99%)



Since 1994 2 (0%) 2 (0%)



Source: April 20, 1998 Report of the Interagency
Panel on Ship Scrapping 
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Despite these agreements with EPA, the export of ships for scrapping was suspended by the
Navy in December 1997 and MARAD in January 1998 because of continuing concerns about
environmental pollution and worker health and safety, as well as potential impacts on the
domestic ship scrapping industry.  These voluntary suspensions on ship exports are still in effect.



Initiatives to Address Domestic Ship Scrapping Issues



To improve the domestic ship scrapping process, the Navy and MARAD began instituting
changes in their programs in 1996 to address management practices, ship preparation
processes, contracting processes, contractor oversight, and vessel exports.  



Changes to the Navy Program: According to the 1998 GAO report, the changes to the
Navy’s ship scrapping program included:



• Developing and implementing a two-step bid process requiring contractors to submit a
technical proposal for approval before they can be considered viable candidates to
place a financial bid for the surplus ships.  The technical proposals are to consist of an
environmental compliance plan, operational plan, business and management plan, and a
safety and health plan.  A technical evaluation team will evaluate each plan and those
contractors found to have an acceptable proposal will be asked to submit a financial
bid.



• Using quarterly progress reviews at each scrapping site to assess the contractor’s
progress and compliance with contract provisions, including environmental and safety
requirements.



• Using a contractor rating system when deciding how closely to provide contract
surveillance.



• Advertising and selling ships by lot and allowing contractors to remove the ships from
government storage as they are ready to be scrapped.



• Holding periodic industry workshops to inform contractors of what is expected of them
in the scrapping of federal surplus ships and obtain feedback on their concerns and
desires.



• Evaluating the potential for removing more hazardous materials before ships are
advertised for sale.











A Guide for Ship Scrappers:
Tips for Regulatory Compliance A-9 Appendix A



• Notifying state and local regulators where the ship scrapping will be performed after
contracts are awarded.



Changes to MARAD’s program:  MARAD’s
ship scrapping program is similar in material
respects, except that MARAD adopted a single
step bid process in which bidders are simultaneously
required to submit a bid and a technical compliance
plan.  Technical compliance plans consist of an
operations plan, a business plan, and an
environmental, health, and safety plan.  MARAD
culls out all negative bids and reviews only the
technical compliance plans for those companies that
have provided positive bids.



The Navy’s 1999 Ship Disposal Project: On September 29, 1999, NAVSEA
awarded 4 Indefinite Delivery, Indefinite Quantity (IDIQ) task order contracts for the disposal
of conventionally-powered U.S. Navy warships that have been decommissioned and stricken
from the Naval Vessel Register.  These contracts represent the pilot phase of the Navy’s Ship
Disposal Project (SDP), a primary
purpose of which is to obtain the cost
data for dismantling ships in the United
States, and to demonstrate
environmentally-sound and cost-
effective methods for dismantling the
Navy’s decommissioned vessels.



These contracts are a significant departure from the sales contracting methodology previously
used, under which purchasers paid the Government for the right to dismantle ships and to
dispose of the hazardous wastes generated.  The viability of ship dismantling under sales
contracting depended on the metal value of the ship exceeding the costs of dismantling and
hazardous waste disposal.  In contrast, the SDP contracts are cost plus incentive fee contracts
with a performance incentive for environmental and safety compliance.  Additionally, the SDP
contractors will sell the scrap metal generated from dismantling the ships, and the proceeds will
be credited to the cost of the contract. 



The contracts under this acquisition will provide the capability to scrap additional ships beyond
the pilot phase.  Based on the success of the pilot phase, the contract structure allows the Navy
to compete additional task orders among the current contract awardees for dismantling the



Ensuring safe scrapping. Currently,
EPA is working with MARAD to
address issues related to permitting,
financial assurance, sampling of
potential PCB-containing materials
on vessels, and other issues to
ensure that, to the extent possible,
U.S. government vessels can be
safely scrapped in the domestic
market.  



“Disposal” includes the complete dismantling of
the hull for recycling, and the proper removal and
disposal of all hazardous materials that are part
of the construction of these ships.
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remaining inventory of decommissioned conventionally-powered cruisers, destroyers, frigates,
and minesweepers that have been designated for scrapping. Additional information concerning
the Ship Disposal Project can be found at http://www.contracts.hq.navsea.navy.mil/home.html.



A.3 REGULATING THE SHIP SCRAPPING INDUSTRY



Identifying Compliance Issues for the Ship Scrapping Industry



In recent years, domestic ship scrappers have experienced difficulties in complying with  various
contractor performance provisions, including environmental and worker safety and health
requirements.  From 1991-1996, the Navy repossessed 20 of the 52 ships sold to domestic
ship scrapping firms in North Carolina, Rhode Island, and California.  While changes in the
economy contributed to these events, the repossessions were mainly the result of contractor
performance issues and environmental and worker safety and health compliance issues.



Inspections conducted by EPA and OSHA have identified potential violations of applicable
regulations and requirements.



• EPA inspection findings.  To develop a 
protocol for conducting compliance
investigations at ship scrapping facilities
(see box), EPA and state health
inspectors participated in multimedia
compliance inspections of three ship
scrapping facilities from April 28-30,
1998.  These inspections, which were
intended to determine each facility’s
compliance status, focused on PCB, asbestos, hazardous waste, storm water, and
SPCC plan requirements.  



The following lists areas of potential problems or noncompliance found during the
inspections: 



S Improper waste management.  Several 55-gallon drums of mercury
fluorescent bulbs were dated April 29, 1997.  If the drums contained more than
100 kilograms of bulbs, they are required to be disposed of within 180 or 270
days depending on distance to a treatment/disposal facility.



As recommended by the Interagency
Panel on Ship Scrapping, EPA 
developed the Multimedia Compliance
Monitoring Investigation Protocol for the
Ship Scrapping Industry (EPA-331/9-99-
001, February 1999) for conducting
environmental compliance inspections at
ship scrapping facilities.
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S Improper labeling.  Many containers of used oil stored onsite were not
marked with the words “Used Oil.”  Fuel tanks were not labeled.



S No plans/permits or failure to certify plans. Facilities were missing plans and
permits, including SPCC plans, NPDES permits, storm water permits, and
storm water pollution prevention plans.  If the facilities did have the plans, they
were often out-of-date. One SPCC plan had not been signed by a registered
professional engineer.



S Lack of shower drain filters or leaking showers. Some shower drains used
by workers, did not appear to have filters.  These filters collect lead and
asbestos.  One facility’s shower water was leaking to the ground which may
add to lead contamination at the site.



S Failure to understand requirements. One facility’s operations manager did
not have any understanding of environmental requirements.



S Possible soil contamination.  The soil throughout one facility may be
contaminated with lead and asbestos because the ground was covered with
pieces of cable, tiles, suspected ACM, metal, and paint chips. At another
facility, there were bulldozed piles at various locations potentially containing
hazardous materials (e.g., pieces of cable, suspected ACM).



S Improper burning of 
cables.  Cables
appeared to have
been burned (i.e., cut
by torch) on sections
of a ship. 



• OSHA inspection findings.  While ship scrapping is a small industry, separate from
the larger shipbuilding and ship repair industries, OSHA has inspected these ship
scrapping operations and detected multiple violations of OSHA standards.  For
example, based on these inspections and other visits, a very common worker safety and
health concern for this industry is insufficient worker training.  Many ship scrapping
facilities are deficient in providing overall worker training in areas, including, but not
limited to, hazardous materials; personal protective equipment; proper storage, labeling,
and marking of waste; and health and safety requirements in various work conditions
(e.g., confined space, hot work, heights).



Cutting PCB-containing cable (or any material
contaminated with or containing PCBs) with a torch
is considered open burning and is prohibited. 
Additionally, emissions from cable burning may be
regulated by state or local laws.
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Regulating Agencies



Because ship scrapping is subject to federal, state, and local government rules and regulations
for the protection of the environment and worker safety and health, your ship scrapping facility
may be visited or inspected by representatives from various regulatory agencies.  These can
include, but are not limited to, EPA (including Headquarters, regional offices, and the National
Enforcement Investigations Center (NEIC)), OSHA, DRMS, MARAD, state environmental
regulatory offices, and state and local health departments. 



Environmental Protection Agency (EPA)



EPA has regulatory oversight with respect to the environmental aspects of domestic ship
scrapping.  Ship scrapping operations have become a concern for environmental regulators
because they:



• Generate large amounts of waste, including asbestos and PCBs, that potentially pose
significant environmental impacts if managed poorly, and



• Have demonstrated difficulties in complying with the environmental regulations that are
applicable to their operations.  



Your ship scrapping facility may be required to
comply with various federal EPA laws and
regulations.  These include, but are not limited
to:



• Air pollution control regulations under the Clean Air Act (CAA) (40 CFR 50-99),
including the National Emission Standards for Hazardous Air Pollutants (NESHAP)(40
CFR 61 Subpart M).



• Water pollution control regulations under the Clean Water Act (CWA), including the
National Pollutant Discharge Elimination System (NPDES) and storm water permit
requirements (40 CFR 122); pretreatment requirements (40 CFR 403); and
requirements under EPA’s Discharge of Oil regulation (40 CFR 110) and the Oil
Pollution Prevention regulation (40 CFR 112).  As of December 1999, EPA had
authorized 43 states and 1 territory to administer the NPDES permit. 



Know your state regulations. State
regulations must be at least as strict as
the federal requirements.
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• Safe Drinking Water Act (SDWA) regulations, including Underground Injection
Control (UIC) requirements and public water supply (PWS) requirements (40 CFR
142 and 40 CFR 144-148).



• Solid and hazardous waste management requirements under the Resource Conservation
and Recovery Act (RCRA), including land disposal restriction (LDR) requirements. 
RCRA provides a comprehensive program to protect human health and the
environment from the improper management of hazardous waste.  RCRA Subtitle C
regulations establish a “cradle-to-grave” system governing hazardous waste from the
point of generation to disposal (40 CFR 261-270). Used oil is regulated under the
Used Oil Management Standards (40 CFR 279).  Although RCRA is a federal statute,
many states implement the RCRA program.  Currently, EPA has delegated its authority
to implement various provisions of RCRA to 47 of the 50 states and two U.S.
territories.  Delegation has not been given to Alaska, Hawaii, or Iowa.



• Requirements for PCBs under the Toxic Substances Control Act (TSCA) regulations
(40 CFR 761).



• Emergency Planning and Community Right-to-Know Act (EPCRA) regulations (40
CFR 355 and 370).



• Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
regulations (40 CFR 302).



Occupational Safety and Health Administration (OSHA)



OSHA’s mission is to save lives, prevent injuries and protect the health of America's workers
according to the rules and regulations of the Occupational Safety and Health Act (Act) of 1970. 
Under the Act, OSHA has promulgated standards that apply generally to all employers and
standards that apply to specific industries.  



There are currently no geographical limitations to maritime jurisdiction on shore other than
limitations of the Occupational Safety and Health Act itself.  Employees performing maritime
activities on shore, yard, shipyard, vessels afloat, drydocks, or graving docks, are now covered
by shipyard standards.



• General Industry Standards and the General Duty Clause.  There are General
Industry Standards (29 CFR 1910) which apply to all employers, regardless of the type
of industry.  Additionally, because not every possible safety and health problem can be
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covered by a workplace standard, the Occupational Safety and Health Act includes a
“general duty” clause.  This clause requires employers to furnish employment and a
place of employment “free from recognized hazards that are causing or likely to cause
death or serious physical harm” to employees. 



• Shipyard Industry Standards .  To specifically address worker hazards at shipyards,
OSHA developed safety and health standards called the Shipyard Industry standards
(29 CFR 1915).  Facilities affected by these standards include not only ship scrapping
facilities, but also shipbuilding and ship repairing facilities, as they are all considered part
of the shipyard industry.  While some of the requirements in the Shipyard Industry
standards apply to all three types of facilities, others apply only to shipbuilding and/or
ship repair facilities.



Because of this, ship scrappers must review the Shipyard Industry standards and
become familiar with those that do apply to their facilities.  Some of these standards
include, but are not limited to:



S Confined and enclosed spaces and other dangerous atmospheres (29 CFR
1915 Subpart B)



S Cutting and heating, including requirements for ventilation, fire prevention, and
working with preservative coatings (29 CFR 1915 Subpart D)



S Scaffolds or staging; ladders; access to vessels, dry docks, cargo spaces, and
confined spaces; and working surfaces (29 CFR 1915 Subpart E)



S General working conditions, such as housekeeping, illumination, utilities, health
and sanitation (29 CFR 1915 Subpart F)



S Gear and equipment for rigging and materials handling, including requirements
for inspections; ropes, chains, and slings; shackles and hook; chain falls and
pull-lifts; hoisting and hauling equipment; and operator qualifications (29 CFR
1915 Subpart G)



S Tools and equipment, such as hand tools, portable electric tools, abrasive
wheels, and internal combustion engines (29 CFR 1915 Subpart H)
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S Personal protective equipment for the eyes, face, head, and body, including
respiratory protection, lifesaving equipment, personal fall arrest systems, and
positioning device systems (29 CFR 1915 Subpart I)



Remember that hazards not
covered by the Shipyard
Industry standards may be
covered by the General
Industry standards found in 29
CFR 1910. 



• Competent person.  Throughout many parts of the Shipyard Industry standards, tests
and inspections are required to be performed by a marine chemist, a certified industrial
hygienist, or some other “competent person.”  A competent person must be capable of
recognizing and evaluating worker exposure to hazardous substances or to other unsafe
conditions and specifying the necessary protection and precautions to take to ensure
worker safety.  Ship scrapping facilities must have a person who meets the “competent
person” requirements (found in 29 CFR 1915.7) for performing testing in certain
situations.  The facility can also use a Marine Chemist to perform the same activities as
a competent person.  A Marine Chemist is a person who has a current Marine Chemist
Certificate issued by the National Fire Protection Association.    



• State Safety and Health Programs . States administering their own occupational
safety and health program through plans approved by OSHA [Section 18(b)] must
adopt standards and enforce requirements that are at least as effective as federal
requirements.  Of the states with approved plans, only five (California, Minnesota,
Oregon, Vermont, and Washington) include some coverage for workers at ship
scrapping facilities.  Otherwise, in all other states, these workers are subject to the
federal OSHA requirements.  For a more detailed summary of maritime coverage
under particular state plans, see 29 CFR 1952 or access http://www.osha-
slc.gov/fso.osp/index.



• Maritime Advisory Committee Health Programs . Effective workplace
management of safety and health issues greatly reduces worker deaths, illnesses,
injuries, and costs associated with them.  According to The Maritime Advisory
Committee for Occupational Safety and Health (MACOSH), all workplaces in the
shipyard industry should have a safety and health program regardless of size or number
of hazards [OSHA: Shipyard Industry (OSHA 2268) 1998 (Revised)].  The basic



Tip: Where a hazard is covered by both Shipyard Industry
and General Industry standards, only the Shipyard Industry
standard will be cited by an OSHA inspector.  
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elements listed below are essential for an effective workplace safety and health
program:



• Employee Participation
• Training
• Program Evaluation
• Recordkeeping
• Procedures for Multi-Employer Workplaces
• Management Commitment and Leadership
• Accident and Incident Investigation
• Hazard Identification, Assessment and Control



These elements are performance-based and flexible enough to be adapted to workplace
conditions, size and nature of hazards present.  For more detailed information concerning these
issues refer to OSHA: Shipyard Industry (OSHA 2268) publication.



DRMS and MARAD Contracts 



To monitor whether scrapping facilities
are meeting the requirements of their
current contracts, DRMS and MARAD
may conduct unannounced environmental,
safety, and health evaluations at the
facilities. On occasion, daily on site
surveillance using either a naval engineer,
industrial hygienist, or architect may also
occur.  In addition, DRMS and MARAD may use a third-party (e.g., contractor) to conduct
independent evaluations of scrapping operations. 



Historically, DRMS has been the Navy’s sales
agent for surplus ships. As of May 1999, DRMS
will no longer sell Navy ex-combatant ships for
scrapping, but will continue to administer the
existing sales contracts for scrapping these
ships.
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APPENDIX B
LIST OF ACRONYMS



ACM Asbestos-containing material
ACP Area contingency plan
ACWM Asbestos-containing waste material
AST Aboveground storage tank
BOD Biochemical oxygen demand
CAA Clean Air Act
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CESQG Conditionally exempt small quantity generator
CFR Code of Federal Regulations
COD Chemical oxygen demand
CWA Clean Water Act
CZMA Coastal Zone Management Act
DLA Defense Logistics Agency
DOT U.S. Department of Transportation
DRMS Defense Reutilization and Marketing Service
EPA United States Environmental Protection Agency
EPCRA Emergency Planning and Community Right-to-Know Act 
ERNS Emergency Response Notification System
FFEO Federal Facilities Enforcement Office
FRP Facility response plan
GAO General Accounting Office
HAP Hazardous air pollutant
HAZWOPER Hazardous Waste Operations and Emergency Response
HEPA High efficiency particulate air
IDIQ Indefinite Delivery Indefinite Quantity
LDR Land disposal restriction
LQG Large quantity generator
MACOSH Maritime Advisory Committee for Occupational Safety and Health
MARAD United States Maritime Administration
NAICS North American Industrial Classification System
NCP National Oil and Hazardous Substances Pollution Contingency Plan
NEIC National Enforcement Investigations Center
NESHAP National Emission Standards for Hazardous Air Pollutants
NFPA National Fire Protection Association











LIST OF ACRONYMS (CONTINUED)
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NIOSH National Institute for Occupational Safety and Health 
NIST National Institute of Standards and Technology
NMHA National Maritime Heritage Act
NOAA National Oceanic and Atmospheric Administration
NPDES National Pollutant Discharge Elimination System
NPE Negative pressure enclosure
NRC National Response Center
NVLAP National Voluntary Laboratory Accreditation Program
OC Office of Compliance
OECA Office of Enforcement and Compliance Assurance
OPA Oil Pollution Act
OSC On-Scene Coordinator
OSHA Occupational Safety and Health Administration  
P2 Pollution prevention
PACM       Presumed asbestos containing material
PCB Polychlorinated biphenyl
PE Professional engineer
PEL Permissible exposure limit
PLM Polarized light microscopy
POTW Publicly owned treatment works
PPE Personal protective equipment
ppm Parts per million
PREP National Preparedness for Response Exercise Program
PWS Public water supply
RA Regional Administrator
RACM Regulated asbestos-containing material
RCRA Resource Conservation and Recovery Act
SDP Ships Disposal Project
SDWA Safe Drinking Water Act
SIC Standard Industrial Classification 
SIU Significant industrial user
SPCC Spill Prevention, Control, and Countermeasures
SQG Small quantity generator
SWPPP Storm water pollution prevention plan
TOC Total organic carbon
TSCA Toxic Substances Control Act
TSI Thermal system insulation
TSS Total suspended solids
TWA Time weighted average
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UIC Underground injection control
USCG United States Coast Guard
UST Underground storage tank 
VOC Volatile organic compound
WSR Waste shipment record
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APPENDIX C



INSPECTOR HIGHLIGHTS



This Appendix contains summaries of Inspector Highlights noted in check boxes throughout
sections of this guide.  These summaries contain important federal regulatory requirements



for each process that can be the target of federal or state inspectors when they visit your site. 
You may want to laminate copies of the summaries for supervisors and individual  workers or



post the summaries at or near the job site as reminders of regulations and best practices.



Disclaimer:  The summaries in Appendix C provide guidance to assist you in understanding
your obligations under environmental laws; however, for a complete understanding of all legal



requirements, you must refer to applicable federal and state statutes and regulations. 
Appendix C, as well as the guide itself, is a compliance assistance tool only, and it neither
changes nor replaces any applicable legal requirements, nor does it create any rights or



benefits for anyone.











ASBESTOS REMOVAL AND DISPOSAL
“Asbestos” – mineral fibers often mixed with other material to provide insulation for pipes, fireproofing, thermal



insulation, etc.  CAUTION: exposure to airborne-asbestos may cause health problems.



DANGER
ASBESTOS



Cancer and Lung Disease Hazard
Authorized Personnel Only



(references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)



An inspector may  



. . . check to see that workers at your facility received
training in a language that they understand. (pg 2-7)



. . . check the training records for the workers and
supervisors listed on the daily work logs. (pg 2-7)



. . . check the shower drains from the worker showers to
make sure they have filters.  Filters help remove lead and
asbestos from the wastewater. (pg 2-8)



. . . check to verify that the notification of intent to scrap was
submitted and that activities have been conducted according
to the notification. (pg 2-11)



. . . observe on-site equipment and ask for verbal
explanations to determine whether wetting and handling
requirements are being met. (pg 2-12)



Disclaimer:  These summaries of Inspector Highlights provide guidance to assist you in understanding your
obligations under environmental laws; however, for a complete understanding of all legal requirements, you must
refer to applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool











only, and they neither change nor replace any applicable legal requirements, nor do they create any rights or
benefits for anyone.



ASBESTOS REMOVAL AND DISPOSAL - Continued
(references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)



An inspector may  



. . . check to determine whether regulated asbestos-
containing material has been adequately wetted. (pg 2-12)



. . . examine removed units or sections to ensure that the
regulated asbestos-containing material in these components
is still intact.  This may include looking at cut cables to see if
any cables covered with asbestos were cut by torch or
burned, both of which are violations of the asbestos
requirements.  An inspector may also want to know how the
regulated asbestos-containing material on these units or
sections will be removed, if applicable. (pg 2-13)



. . . examine any material that appears to be asbestos-
containing material that is on the ground at your facility. 
The inspector may sample and photograph suspected
asbestos-containing material, as well as the sources (such as
nearby cable) that it may have come from. (pg 2-13)



. . . examine the waste shipment records to ensure that the
records are complete, including all required signatures for
each shipment. (pg 2-18)



. . . check for consistency between the facility asbestos-
containing material waste logs and the disposal site records. 
Additionally, the inspector may check to see that the
asbestos waste is placed in the disposal site without
dispersing asbestos to the atmosphere, and that the site
covers the asbestos waste daily. (pg 2-18)   



Disclaimer:  These summaries of Inspector Highlights provide guidance to assist you in understanding your
obligations under environmental laws; however, for a complete understanding of all legal requirements, you must
refer to applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool











only, and they neither change nor replace any applicable legal requirements, nor do they create any rights or
benefits for anyone.



SAMPLING, REMOVAL AND DISPOSAL OF
POLYCHLORINATED BIPHENYLS (PCBs)



“PCBs” – man-made organic chemicals used in electrical, heat transfer, and hydraulic equipment; as plasticizers
in paints, plastics and rubber products, etc.  CAUTION: toxic; may cause adverse health effects.



(references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)



An inspector may



. . . check to see that workers at your facility received
training in a language that they understand. (pg 3-5)



. . . review the PCB sampling plans and laboratory analysis
results for the ship. (pg 3-7)



. . . verify that all PCB items are being identified and
disposed of properly.  For example, the painted canvas cover
which is attached to fiberglass insulation may be a source of
PCBs. (pg 3-7)



. . . conduct laboratory audits to verify that the laboratory is
analyzing the PCB samples properly and that analytical
results are accurate and reliable. (pg 3-8)



. . . examine PCB storage-for-disposal areas and check the
floor and curb for cracks, measure to verify that the curb is
at least 6 inches high, and check the capacity of the
containment storage area against the total volume of PCBs
in storage.  He/she may also determine the 100-year flood
plain location with respect to any storage area.  Many ship
scrappers are located within the 100-year flood plain and
cannot have storage areas. (pg 3-11)



Disclaimer:  These summaries of Inspector Highlights provide guidance to assist you in  understanding your
obligations under environmental laws; however, for a complete understanding of all legal requirements, you must
refer to applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool
only, and they neither change nor replace any applicable legal requirements, nor do they create any rights or
benefits for anyone.











BILGE AND BALLAST WATER REMOVAL
“Bilge Water” – “dirty” water in oily waste holding/slop tanks which may contain pollutants, such as oil and
grease, metals, etc.  CAUTION: take precautions when entering confined spaces that contain bilge and ballast
water.



(references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)



An inspector may



. . . check each item in storage for appropriate PCB marks
and labels. (pg 3-13)



. . . evaluate transfer operations equipment to verify that all
equipment is in proper working order and there is no
evidence of spills or leaks. (pg 4-6)



. . . review site records to verify that the proper testing was
conducted prior to and during the time that workers
conducted cleaning in bilge and ballast water spaces. (pg 4-
7)



. . . review site records to verify that proper air sampling was
conducted prior to workers entering confined or enclosed
spaces. (pg 4-8)



. . . review training records to verify that workers have the
appropriate training to be working in confined and enclosed
spaces. (pg 4-8)



. . . ask to see a copy of your facility’s discharge permit
covering wastewater discharges. (pg 4-9)



. . . ask to see your facility’s wastewater monitoring records.
(pg 4-11)
Disclaimer:  These summaries of Inspector Highlights provide guidance to assist you in  understanding your
obligations under environmental laws; however, for a complete understanding of all legal requirements, you must
refer to applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool
only, and they neither change nor replace any applicable legal requirements, nor do they create any rights or
benefits for anyone.











BILGE AND BALLAST WATER REMOVAL- Continued
(references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)



An inspector may



. . . prior to inspection, contact the publicly-owned treatment
works to determine if a pretreatment permit is required for
your facility.  During the inspection, the inspector may
review the permit to determine if your facility is in
compliance with permit conditions. (pg 4-14)



. . . verify that the number of underground storage tanks
match the number reported on the notification form(s) to the
state. (pg 4-19)



. . . verify that there are appropriate containment and
diversionary structures or equipment at the facility for all
above ground storage tanks. (pg 4-20)



. . . inspect all oil storage containers or tanks to verify that
they are labeled properly and there is no evidence of leaks
or discharges of oil. (pg 4-23)



. . . track the shipments from your facility through the
reclaimers to verify that the shipments of fuel and oil do not
contain spent solvent or other hazardous waste liquids.  (pg
4-24)



. . . ask if you have tested the oil and oily wastes to determine
their pollutant concentrations and if they are hazardous. 
He/she may ask to review the test results. (pg 4-25)



  Disclaimer:  These summaries of Inspector Highlights provide guidance to assist you in understanding your
obligations under environmental laws; however, for a complete understanding of all legal requirements, you must
refer to applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool
only, and they neither change nor replace any applicable legal requirements, nor do they create any rights or
benefits for anyone.











BILGE AND BALLAST WATER REMOVAL - Continued
(references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)



. . . review your facility’s analytical data for hazardous waste
determinations. (pg 4-27)



An inspector may



. . . evaluate the total volume of waste on site at the time of
the inspection and verify that it is within the limits for your
facility’s generator category. (pg 4-27)   



. . . look at all hazardous waste on site noting the size and
type of containers, their condition, and whether they are
closed and protected from the weather.  He/she may check
the labels on the containers for the words “hazardous
waste,” and verify that the dates/information is complete on
the label.  The inspector may also check the containment for
cracks or leaks. (pg 4-29)



. . . check personnel records, including job titles, to
determine when hazardous waste duties were assigned and if
proper training was provided to employees. (pg 4-30)



. . . review your facility’s contingency plan or basic
contingency procedures, and ask about any incidents
requiring implementation of the plan or procedures. (pg 4-
30)



Disclaimer:  These summaries of Inspector Highlights provide guidance to assist you in  understanding your
obligations under environmental laws; however, for a complete understanding of all legal requirements, you must
refer to applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool
only, and they neither change nor replace any applicable legal requirements, nor do they create any rights or
benefits for anyone.











BILGE AND BALLAST WATER REMOVAL - Continued
(references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)



. . . review the facility’s spill prevention plans to ensure that
they are certified by a registered professional engineer and
that they are up to date. (pg 4-33)



. . . evaluate your facility’s response plan measures for their
ability to facilitate adequate response to a worst-case
discharge of oil. (pg 4-36)   



Disclaimer:  These summaries of Inspector Highlights provide guidance to assist you in  understanding your
obligations under environmental laws; however, for a complete understanding of all legal requirements, you must
refer to applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool











only, and they neither change nor replace any applicable legal requirements, nor do they create any rights or
benefits for anyone.



OIL AND FUEL REMOVAL
“Oil and fuel” – include petroleum, fuel oil, sludge, oil refuse, oil mixed with waste, etc.  
CAUTION: Fire dangers!



(references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)



An inspector may



. . . evaluate transfer operations equipment to verify that all
equipment is in proper working order and there is no
evidence of spills or leaks. (pg 5-5)



. . . review site records to verify that the proper testing was
conducted prior to and during the time that workers
conducted cleaning in oil and fuel compartments. (pg 5-7)



. . . review site records to verify that proper testing was
conducted prior to workers entering confined or enclosed
spaces. (pg 5-7)



. . . review training records to verify that workers have the
appropriate training to be working in confined and enclosed
spaces. (pg 5-7)



. . . check with the state underground storage tank program
office to verify that the number of underground storage
tanks match the number reported on the notification form(s)
to the state. (pg 5-9)



. . . verify that there are appropriate containment and
diversionary structures or equipment at the facility for all
above ground storage tanks. (pg 5-11)



Disclaimer:  These summaries of Inspector Highlights provide guidance to assist you in understanding your
obligations under environmental laws; however, for a complete understanding of all legal requirements, you must











refer to applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool
only, and they neither change nor replace any applicable legal requirements, nor do they create any rights or
benefits for anyone.



OIL AND FUEL REMOVAL - Continued
(references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)



An inspector may



. . . inspect all oil storage containers or tanks to verify that 
they are labeled properly and there is no evidence of leaks
or discharges of oil. (pg 5-13)   



. . . track the shipments from your facility through the
reclaimers to verify that the shipments of fuel and oil do not
contain spent solvent or other hazardous waste liquids. (pg-
5-14)



. . . review your facility’s analytical date for hazardous waste
determinations.  (pg 5-18)



. . . evaluate the total volume of waste on site at the time of
the inspection and verify that it is within the limits for your
facility’s generator category. (pg 5-18)











Disclaimer:  These summaries of Inspector Highlights provide guidance to assist you in understanding your
obligations under environmental laws; however, for a complete understanding of all legal requirements, you must
refer to applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool
only, and they neither change nor replace any applicable legal requirements, nor do they create any rights or
benefits for anyone.











PAINT REMOVAL AND DISPOSAL
“Paint” – you may find paint and preservative coatings on both interior and exterior surfaces of the ship.
CAUTION: paint may be flammable or contain toxic compounds and be harmful to you and the environment.



(references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)



The inspector may



. . . review your facility’s records to verify that tests were
conducted to determine if paints or other coatings were
flammable. (pg 6-3)



. . . verify that highly flammable coatings have been removed
prior to cutting. (pg 6-4)



. . . review surface preparation activities at the facility to
verify that measures are being taken to protect worker
health. (pg 6-6)



. . . evaluate the facility for compliance with specific permit
conditions, if a permit has been issued by EPA or the state or
local air pollution control authority. (pg 6-7)



. . . review your facility storm water permit to ensure that
your facility is meeting all of the requirements of that
permit.
(pg 6-7)



. . . review your facility’s storm water pollution prevention
plan to ensure that it addresses all of the required elements. 
He/she may also review the waste storage area to ensure that
your facility is taking appropriate measures to prevent 
  Disclaimer:  These summaries of Inspector Highlights provide guidance to assist you in understanding your
obligations under environmental laws; however, for a complete understanding of all legal requirements, you must
refer to applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool
only, and they neither change nor replace any applicable legal requirements, nor do they create any rights or
benefits for anyone.



PAINT REMOVAL AND DISPOSAL - Continued











                (references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)       
storm water from coming into contact with wastes, including
paint removal wastes. (pg 6-8)



The inspector may
. . . review your facility’s analytical date for hazardous waste
determinations. (pg 6-12)



. . . evaluate the total volume of waste on site at the time of
the inspection and verify that it is within the limits for your
facility’s generator category. (pg 6-12)



. . . look at all hazardous waste on site noting the size and
type of containers, their condition, and whether they are
closed and protected from the weather.  He/she may check
the labels on the containers for the words “hazardous
waste,” and verify that the date/information is complete on
the label.  The inspector may also check the containment for
cracks or leaks. (pg 6-13)



. . . check personnel records to determine when hazardous
waste duties were assigned and if proper training was
provided to employees. (pg 6-13)



. . . review your facility’s contingency plan or basic
contingency procedures, and ask about any incidents
requiring implementation of the plan or procedures. (pg 6-
13)



. . . review all records including but not limited to, annual or
biennial reports and manifests. (pg 6-14)
Disclaimer:  These summaries of Inspector Highlights provide guidance to assist you in understanding your
obligations under environmental laws; however, for a complete understanding of all legal requirements, you must
refer to applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool
only, and they neither change nor replace any applicable legal requirements, nor do they create any rights or
benefits for anyone.











METAL CUTTING AND METAL DISPOSAL
“Metal Cutting” – metals on ships are cut using a variety of torches and mechanical cutters.
CAUTION: air pollutants, exposure to metal fumes, particulates, and smoke may be harmful to your health.



(references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)



The inspector may



. . . investigate any open burning activities at the facility.  In
addition, if a permit has been issued by EPA or the state or
local regulatory agency, the inspector may evaluate the
facility for compliance with the specific permit conditions.
(pg 7-8)



. . . verify that appropriate mechanical ventilation is
provided for workers, if required, during metal cutting. (pg
7-9)



. . . review your facility storm water permit to ensure that
your facility is meeting all of the requirements of that
permit.
(pg 7-13)



. . . review your facility’s storm water pollution prevention
plan to ensure that it addresses all of the required elements. 
He/she may also review the waste storage area to ensure that
your facility is taking appropriate measures to prevent
storm water from coming into contact with wastes, including
metal cutting wastes. (pg 7-13)



Disclaimer:  These summaries of Inspector Highlights provide guidance to you in understanding your obligations
under environmental laws; however, for a complete understanding of all legal requirements, you must refer to
applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool only, and











they neither change nor replace any applicable legal requirements, nor do they create any rights or benefits for
anyone.



REMOVAL AND DISPOSAL OF MISCELLANEOUS
SHIP MACHINERY



“Ship Machinery” – various types of machinery are sold for reuse or recycled as scrap.
CAUTION: protect yourself from exposure to contamination with hazardous materials, including asbestos, PCBs,
oils, and fumes.



(references are to pages in “A Guide for Ship Scrappers–Tips for Regulatory Compliance”)



The inspector may



. . . review your facility storm water permit to ensure that
your facility is meeting all of the requirements of that
permit. (pg 8-5)



. . . review your facility’s storm water pollution prevention
plan to ensure that it addresses all of the required elements. 
He/she may also review the waste storage area to ensure that
your facility is taking appropriate measures to prevent
storm water from coming into contact with wastes, including
scrap metal and other wastes. (pg 8-6)











Disclaimer:  These summaries of Inspector Highlights provide guidance to assist you in understanding your
obligations under environmental laws; however, for a complete understanding of all legal requirements, you must
refer to applicable federal and state statutes and regulations.  These summaries are a compliance assistance tool
only, and they neither change nor replace any applicable legal requirements, nor do they create any rights or
benefits for anyone.
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PART 229—GENERAL PERMITS



Sec.
229.1 Burial at sea.
229.2 Transport of target vessels.
229.3 Transportation and disposal of vessels.



AUTHORITY: 33 U.S.C. 1412 and 1418.



SOURCE: 42 FR 2489, Jan. 11, 1977, unless otherwise
noted.



§ 229.1 Burial at sea.
(a) All persons subject to title I of the Act are



hereby granted a general permit to transport
human remains from the United States and all per-
sons owning or operating a vessel or aircraft reg-
istered in the United States or flying the United
States flag and all departments, agencies, or instru-
mentalities of the United States are hereby granted
a general permit to transport human remains from
any location for the purpose of burial at sea and
to bury such remains at sea subject to the
following conditions:



(1) Except as herein otherwise provided, human
remains shall be prepared for burial at sea and
shall be buried in accordance with accepted prac-
tices and requirements as may be deemed appro-
priate and desirable by the United States Navy,
United States Coast Guard, or civil authority
charged with the responsibility for making such
arrangements;



(2) Burial at sea of human remains which are
not cremated shall take place no closer than 3 nau-
tical miles from land and in water no less than one
hundred fathoms (six hundred feet) deep and in no
less than three hundred fathoms (eighteen hundred
feet) from (i) 27°30′00′′ to 31°00′00′′ North Lati-
tude off St. Augustine and Cape Canaveral, Flor-
ida; (ii) 82°20′00′′ to 84°00′00′′ West Longitude
off Dry Tortugas, Florida; and (iii) 87°15′00′′ to
89°50′00′′ West Longitude off the Mississippi
River Delta, Louisiana, to Pensacola, Florida. All
necessary measures shall be taken to ensure that
the remains sink to the bottom rapidly and perma-
nently; and



(3) Cremated remains shall be buried in or on
ocean waters without regard to the depth limita-
tions specified in paragraph (a)(2) of this section
provided that such burial shall take place no closer
than 3 nautical miles from land.



(b) For purposes of this section and §§ 229.2
and 229.3, ‘‘land’’ means that portion of the base-
line from which the territorial sea is measured, as
provided for in the Convention on the Territorial
Sea and the Contiguous Zone, which is in closest
proximity to the proposed disposal site.



(c) Flowers and wreaths consisting of materials
which are readily decomposable in the marine en-
vironment may be disposed of under the general



permit set forth in this section at the site at which
disposal of human remains is authorized.



(d) All burials conducted under this general per-
mit shall be reported within 30 days to the Re-
gional Administrator of the Region from which the
vessel carrying the remains departed.



§ 229.2 Transport of target vessels.
(a) The U.S. Navy is hereby granted a general



permit to transport vessels from the United States
or from any other location for the purpose of sink-
ing such vessels in ocean waters in testing ord-
nance and providing related data subject to the fol-
lowing conditions:



(1) Such vessels may be sunk at times deter-
mined by the appropriate Navy official;



(2) Necessary measures shall be taken to insure
that the vessel sinks to the bottom rapidly and per-
manently, and that marine navigation is not other-
wise impaired by the sunk vessel;



(3) All such vessel sinkings shall be conducted
in water at least 1,000 fathoms (6,000 feet) deep
and at least 50 nautical miles from land, as de-
fined in § 229.1(b); and



(4) Before sinking, appropriate measures shall
be taken by qualified personnel at a Navy or other
certified facility to remove to the maximum extent
practicable all materials which may degrade the
marine environment, including without limitation
(i) emptying of all fuel tanks and fuel lines to the
lowest point practicable, flushing of such tanks
and lines with water, and again emptying such
tanks and lines to the lowest point practicable so
that such tanks and lines are essentially free of pe-
troleum, and (ii) removing from the hulls other
pollutants and all readily detachable material capa-
ble of creating debris or contributing to chemical
pollution.



(b) An annual report will be made to the Ad-
ministrator of the Environmental Protection Agen-
cy setting forth the name of each vessel used as
a target vessel, its approximate tonnage, and the
location and date of sinking.



§ 229.3 Transportation and disposal of
vessels.



(a) All persons subject to title I of the Act are
hereby granted a general permit to transport ves-
sels from the United States, and all departments,
agencies, or instrumentalities of the United States
are hereby granted a general permit to transport
vessels from any location for the purpose of dis-
posal in the ocean subject to the following condi-
tions:



(1) Except in emergency situations, as deter-
mined by the U.S. Army Corps of Engineers and/
or the U.S. Coast Guard, the person desiring to
dispose of a vessel under this general permit shall,
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§ 229.3



no later than 1 month prior to the proposed dis-
posal date, provide the following information in
writing to the EPA Regional Administrator for the
Region in which the proposed disposal will take
place:



(i) A statement detailing the need for the dis-
posal of the vessel;



(ii) Type and description of vessel to be dis-
posed of and type of cargo normally carried;



(iii) Detailed description of the proposed dis-
posal procedures;



(iv) Information on the potential effect of the
vessel disposal on the marine environment; and



(v) Documentation of an adequate evaluation of
alternatives to ocean disposal (i.e., scrap, salvage,
and reclamation).



(2) Transportation for the purpose of ocean dis-
posal may be accomplished under the supervision
of the District Commander of the U.S. Coast
Guard or his designee.



(3) Except in emergency situations, as deter-
mined by the U.S. Army Corps of Engineers and/
or the District Commander of the U.S. Coast
Guard, appropriate measures shall be taken, prior
to disposal, by qualified personnel to remove to
the maximum extent practicable all materials
which may degrade the marine environment, in-
cluding without limitation (i) emptying of all fuel
lines and fuel tanks to the lowest point practicable,
flushing of such lines and tanks with water, and
again emptying such lines and tanks to the lowest
point practicable so that such lines and tanks are
essentially free of petroleum, and (ii) removing
from the hulls other pollutants and all readily de-
tachable material capable of creating debris or
contributing to chemical pollution.



(4) Except in emergency situations, as deter-
mined by the U.S. Army Corps of Engineers and/
or the U.S. Coast Guard, the dumper shall, no
later than 10 days prior to the proposed disposal
date, notify the EPA Regional Administrator and
the District Commander of the U.S. Coast Guard
that the vessel has been cleaned and is available



for inspection; the vessel may be transported for
dumping only after EPA and the Coast Guard
agree that the requirements of paragraph (a)(3) of
this section have been met.



(5) Disposal of these vessels shall take place in
a site designated on current nautical charts for the
disposal of wrecks or no closer than 22 kilometers
(12 miles) from the nearest land and in water no
less than 50 fathoms (300 feet) deep, and all nec-
essary measures shall be taken to insure that the
vessels sink to the bottom rapidly and that marine
navigation is not otherwise impaired.



(6) Disposal shall not take place in established
shipping lanes unless at a designated wreck site,
nor in a designated marine sanctuary, nor in a lo-
cation where the hulk may present a hazard to
commercial trawling or national defense (see 33
CFR part 205).



(7) Except in emergency situations, as deter-
mined by the U.S. Army Corps of Engineers and/
or the U.S. Coast Guard, disposal of these vessels
shall be performed during daylight hours only.



(8) Except in emergency situations, as deter-
mined by the U.S. Army Corps of Engineers and/
or the District Commander of the U.S. Coast
Guard, the Captain-of-the-Port (COTP), U.S. Coast
Guard, and the EPA Regional Administrator shall
be notified forty-eight (48) hours in advance of the
proposed disposal. In addition, the COTP and the
EPA Regional Administrator shall be notified by
telephone at least twelve (12) hours in advance of
the vessel’s departure from port with such details
as the proposed departure time and place, disposal
site location, estimated time of arrival on site, and
the name and communication capability of the
towing vessel. Schedule changes are to be reported
to the COTP as rapidly as possible.



(9) The National Ocean Survey, NOAA, 6010
Executive Blvd., Rockville, MD 20852, shall be
notified in writing, within 1 week, of the exact co-
ordinates of the disposal site so that it may be
marked on appropriate charts.
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EXECUTIVE SUMMARY 
 
This guidance document was developed to satisfy the mandate of Section 3516 of the National 
Defense Authorization Act for Fiscal Year 2004, which requires that the Maritime 
Administration (MARAD) and the U.S. Environmental Protection Agency (EPA) jointly develop 
guidance recommending environmental best management practices to be used in the preparation 
of vessels for use as artificial reefs.  It also responds to MARAD’s request for the EPA to 
provide national environmentally-based best management practices for the preparation of vessels 
to be sunk with the intention of creating artificial reefs in permitted artificial reef construction 
areas.   
 
Options for managing obsolete and decommissioned military and commercial vessels include re-
use of the vessel or parts of the vessel, recycling or scrapping, creating artificial reefs, and 
disposal on land or at sea.  This document discusses the preparation of obsolete and 
decommissioned military and commercial vessels when employing the vessel management 
option of artificial reefing.  Artificial reefs should only be developed where such reefs will 
enhance native marine resources and benefit the natural marine environment.  Strategically sited 
artificial reefs not only can enhance aquatic habitat, but also provide an additional option for 
conserving, managing, and/or developing fishery resources. 
 
Although the best management practices presented in this document are intended for use when 
preparing vessels to serve as artificial reef habitat, the best management practices may have 
applicability to other in-water uses of vessels, such as the creation of recreational diving 
opportunities.  It is recommended that these best management practices be implemented for such 
in-water uses of vessels, with the caveat that further vessel preparation beyond that employed for 
artificial reef habitat may be needed.  When preparing a vessel for such in-water uses, 
consideration should be given to vessel stability and integrity prior to and after final placement.   
 
This guidance identifies materials or categories of materials of concern that may be found aboard 
vessels and specifically identifies where they may be found.  For each material or category of 
material, this document provides a narrative clean-up performance goal and information on 
methods for achieving those goals in preparation of the vessel prior to sinking.  Materials of 
concern include, but are not limited to: oil and fuel, asbestos, polychlorinated biphenyls (PCBs), 
paint, solids/debris/floatables, and other materials of environmental concern.  Exhibit 1 provides 
a summary of the narrative clean-up goals for materials of concern. 
 
In keeping with Section 3516 of the National Defense Authorization Act for Fiscal Year 2004, 
this guidance document addresses only recommended clean-up practices for vessels that are 
intended to be placed as artificial reefs.  It neither endorses such placement nor does it address 
the potential availability or environmental effects associated with alternatives to placement of 
vessels as artificial reefs. 
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Exhibit 1.  Summary of Narrative Clean-up Goals for Materials of Concern 
 
Material of Concern Narrative Clean-up Goal



 
 



Oil And Fuel 



Remove liquid fuels and oils and semi-solids (greases) so that: no visible 
sheen is remaining on the tank surfaces (this includes all interior fittings, 
piping, structural members); no film or visible accumulation is remaining on 
any vessel structure or component (e.g., on machinery or from spills on 
decking or carpet).  The end result of such clean-up should be that no sheen 
be visible upon sinking a vessel. 



 
Asbestos 



Remove any loose asbestos and asbestos that may become loose during 
vessel sinking; remove or seal accessible friable asbestos.  



 
Polychlorinated 



Biphenyls (PCBs) 



Remove all manufactured products containing greater than or equal to (≥) 50 
parts per million (ppm) of solid PCBs; remove all liquid PCBs regardless of 
concentration; remove all materials contaminated by PCB spills where the 
concentration of the original PCB source is ≥ 50 ppm. 



 
Paint 



Remove harmful exterior hull anti-fouling systems that are determined to be 
active; remove exfoliating (peeling) and exfoliated paint. 



 
Solids/Debris/ 



Floatables 



Remove loose debris, including materials or equipment that are not 
permanently attached to the vessel that could be transported into the water 
column during a sinking event.   



Other Materials of 
Environmental Concern 



Remove other materials that may negatively impact the biological, physical, 
or chemical characteristics of the marine environment. 



 
 
The narrative clean-up performance goals for the materials of concern highlighted in this 
guidance should be achieved while preparing a vessel intended for artificial reefing.  There are 
statutory requirements and associated regulations, as well as permit processes applicable to the 
process of preparing a vessel for reefing that are not highlighted in this document.  These 
include, but are not limited to, issues such as vessel inspections by appropriate authorities and 
storage and disposal of waste generated during clean-up/preparation.  Further, this document 
does not provide information on how to sink a vessel or the required actions or regulatory 
procedures/processes associated with the actual act of sinking a vessel.   
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INTRODUCTION 
 



Several options exist for managing obsolete and decommissioned military and commercial 
vessels.  These options include re-use of the vessel or parts of the vessel, recycling or scrapping, 
creating artificial reefs, and disposal on land or at sea.  This document discusses the vessel 
management option of artificial reefing.  This guidance document was developed to satisfy the 
mandate of Section 3516 of the National Defense Authorization Act for Fiscal Year 2004, which 
requires that the Maritime Administration (MARAD) and the U.S. Environmental Protection 
Agency (EPA) jointly develop guidance recommending environmental best management 
practices (BMPs) to be used in the preparation of vessels for use as artificial reefs.  It also 
responds to MARAD’s request for the EPA to provide national environmentally-based best 
management practices for the preparation of vessels to be sunk with the intention of creating 
artificial reefs in permitted artificial reef construction areas.   
 
An interagency workgroup, chaired by EPA, was established to develop the BMPs.  The 
workgroup included representatives from the EPA, U.S. Coast Guard, U.S. Navy, MARAD, U.S. 
Army Corps of Engineers, National Oceanic and Atmospheric Administration, and the U.S. Fish 
and Wildlife Service.     
 
Although these best management practices are intended for use when preparing vessels to serve 
as artificial reef habitat, such best management practices may have applicability to other in-water 
uses of vessels, such as the creation of recreational diving opportunities.  The best management 
practices presented in this document should be implemented for all permitted in-water uses of 
vessels; further diver safety preparations may be needed based on the intended in-water use, such 
as recreational diving. 
 
 
Objectives of the Guidance Document 
 
The BMPs, jointly developed by EPA and MARAD, are to serve as national guidance for federal 
agencies for the preparation of vessels for use as artificial reefs.  Section 3516 of the National 
Defense Authorization Act for Fiscal Year 2004 provides that the BMPs are to (1) ensure that 
vessels prepared for use as artificial reefs “will be environmentally sound in their use as artificial 
reefs”; (2) “promote consistent use of such practices nationwide”; (3) “provide a basis for 
estimating the costs associated with the preparation of vessels for use as artificial reefs”; and (4) 
include measures that will “enhance the utility of the Artificial Reefing Program of the Maritime 
Administration as an option for the disposal of obsolete vessels.”  Appendix A provides further 
detail on Section 3516 and MARAD’s authority to transfer obsolete vessels for artificial reefing.  
Below is a description of how this document addresses the four requirements of the statute.   
 



• The use of this guidance will help ensure that vessels prepared for use as artificial reefs 
“will be environmentally sound in their use as artificial reefs.”  For each material of 
concern identified, this document provides a narrative clean-up performance goal and 
information on methods for addressing those goals in preparation of the vessel prior to 
sinking.  The preparation of vessels in this manner will help ensure that their use as 
artificial reefs is environmentally sound.  The purpose of creating an artificial reef is to 
benefit the environment by enhancing aquatic habitat and marine resources, as well as 
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providing an additional option for conserving, managing, and/or developing fisheries 
resources.  This document describes appropriate vessel preparation that could achieve 
such benefits as an artificial reef and avoid negatively impacting the environment with 
pollutants.  The narrative clean-up performance goals provided in this document, if 
implemented and complemented with strategic site selection (siting), will maximize the 
opportunity for these vessels to benefit the environment as artificial reefs. 



 
• The use of this guidance document will “promote consistent use of such practices 



nationwide” and in turn will also provide measures that will “enhance the utility of the 
Artificial Reefing Program of the Maritime Administration as an option for the disposal 
of obsolete vessels.”  The best management practices described in this document serve as 
national guidance for the preparation of vessels for use as artificial reefs.  As the use of 
vessels as artificial reefs is becoming a more common management option for obsolete 
vessels, the development of this guidance document is timely.  Currently, no guidance of 
this kind is available.  The use of this guidance document can enhance the utility of 
MARAD’s Artificial Reefing Program, by establishing a national approach to cleaning 
and preparing candidate obsolete vessels, while also promoting consistent use of such 
practices for vessel-to-reef projects.  



 
• The use of this document will “provide a basis for estimating the costs associated with 



the preparation of vessels for use as artificial reefs.”  Although the best management 
practices were developed independent of costs associated with clean-up, the narrative 
clean-up performance goals in this document can be used as a basis for estimating the 
cost for appropriate vessel preparation.  In order to determine the estimated cost to 
prepare a specific vessel for use as an artificial reef, the narrative clean-up performance 
goals, along with the vessel preparation BMPs, can be used to scope the volume of work 
to be accomplished based on a detailed ship-check and implementation of a 
representative PCB sampling protocol.  There is wide variability of ships and associated 
kinds and amounts of material found on a particular ship, as well as wide variability of 
remediation and disposal costs in different geographic locations within the U.S.  
Therefore, it is not possible to provide in this document representative cost estimates 
associated with the preparation of a ship for reefing. A reasoned estimate of the actual 
cost of preparation will require a ship-by-ship analysis.   



 
In order to provide some insight into the costs that have been incurred for vessel-to-reef 
projects, some pertinent vessel-specific information is provided here.  Two recent 
examples of vessels that have been prepared with the intent of serving as artificial reefs 
are the ex-USS Spiegel Grove and the ex-USS Oriskany.  The total cost of reefing the ex-
USS Spiegel Grove, which was a MARAD vessel, was $1.3 million.1  This total cost 
includes costs for both vessel clean-up/preparation, as well as costs other than vessel 
clean-up/preparation.  Details of the project cost estimates are presented in Exhibit 2.  
Vessel specifications for the ex-USS Spiegel Grove are presented in Exhibit 3.  The ex-
USS Spiegel Grove was cleaned/prepared prior to the availability of the BMPs presented 
in this document.  Further information regarding the ex-USS Spiegel Grove can be found 



 
1 Communication between Captain Spencer Slate, ex-USS Spiegel Grove vessel-to-reef project co-manager, and 
Laura S. Johnson, EPA. 











 



 



at http://www.fla-keys.com/spiegelgrove/. 
 



Exhibit 2.  Ex-USS Spiegel Grove Total Project Costs 
 



PCB sampling protocol and removal $75,000 
Reorienting the vessel  $550,000 
Towing and berthing $125,000 
Other clean-up and scuttling preparation 
and execution 



 
$550,000 



Ship clean-up time 7 months 
Project duration 8 years 



 
 



Exhibit 3.  Ex-USS Spiegel Grove Vessel Specifications 
 



Type of vessel Landing Ship Dock (LSD) 
Overall length 510 feet  
Extreme beam 84 feet 
Keel date Sept. 7, 1954 
Launch date Nov. 10, 1955 
Decommission date Oct. 2, 1989 
Location of reefed vessel 6 miles off the Florida Keys in 



the Florida Keys National 
Marine Sanctuary 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ex-USS Spiegel Grove, once a
Florida Keys for final sinking p



 



Photo courtesy of Andy Newman 



 MARAD vessel, under way to 
reparations.   
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The total cost of reefing the ex-USS Oriskany, which is a Navy vessel, was $15.63 
million.  This total cost includes costs for both vessel clean-up/preparation, as well as 
costs other than vessel clean-up/preparation.  Details of the project cost estimates are 
presented in Exhibit 4.  As noted later in this document, the Navy is required to  
clean/prepare vessels intended for use as artificial reefs in accordance with this BMP 
guidance.  The Draft BMP guidance was available for the ex-USS Oriskany vessel clean-
up/preparation.  Vessel specifications for the ex-USS Oriskany are presented in Exhibit 5.  
Further information regarding the ex-USS Oriskany can be found at 
http://peos.crane.navy.mil/reefing/oriskany.htm. 



 
 
 



Exhibit 4.  Ex-USS Oriskany Total Project Costs 
 



Ship remediation (BMP-related) $8.28M 
Flight deck remediation (BMP-related) $3.61M 
PCB model and risk assessment 
development (BMP-related) 



$3.74M 



Towing and berthing $3.07M 
Scuttling preparation and execution $4.90M 
Ship clean-up time 12 months 
Project duration 3 years (FY03 



through FY06) 
 
 



Exhibit 5.  Ex-USS Oriskany Vessel Specifications 
 
 
 
 
 
 
 
 
    
   



Type of vessel Essex Class aircraft 
carrier (CV-34) 



Overall length 911 ft   
Extreme beam 107 ft   
Keel date May 1, 1944 
Launch date Oct. 13, 1945 
Decommission date Sept. 30, 1976 
Location designated for reefing this 
vessel 



23 miles south off 
Pensacola, Florida 



 
 
 
 
 
 
 
 
 
 



 





http://peos.crane.navy.mil/reefing/oriskany.htm
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Photo courtesy of U.S. Navy
Ex-USS Oriskany arriving at NAS Pensacola, Florida.  March 23, 2006. 



he narrative clean-up goals provided in this document cannot be economically 
ieved, for example because of very significant amounts of materials of concern on the 



ssel, then the vessel would not be a good candidate for reefing.  The methods, 
proach, and level of effort for clean-up, as well as worker safety concerns, are directly 
pendent on the vessel’s condition and the amount of materials of environmental 
ncern that are found aboard.  Vessels where clean-up could pose potential worker 
ety risks or could incur high costs may not be good candidate vessels for reefing. 2



me portions of a candidate vessel may be economically salvageable.  Any such salvage 
erations should occur in a manner that will minimize debris and contamination with 
s or other products that have to be cleaned up at a later date.  This activity should allow 
 improved access for subsequent clean-up efforts, and the salvage proceeds may help 
set some costs for vessel preparation. 



s associated with salvage, clean-up, and diver access have the potential to adversely 
sel stability.  Failure to consider the impact of these activities on vessel stability 
 during scuttling operations could result in premature and uncontrolled capsizing 



king of the vessel.  Therefore, vessel stability considerations should be an integral part 
age, clean-up, modification (for diver access), transport, and sinking plans of a vessel-
ject.   



 
he BMP guidance does not address worker safety issues.  Readers with an interest in such safety issues 
 concerns should consult other relevant documents, such as those prepared by OSHA, State or local 



ety agencies, and other relevant EPA documents.  For example, EPA’s A Guide for Ship Scrappers – 
s for Regulatory Compliance presents important information related to environmental and worker safety 
 health issues for ship scrapping/ship breaking operations when handling specific hazardous materials.  



is document can be accessed via the World Wide Web at 
://www.epa.gov/oecaerth/resources/publications/civil/federal/shipscrapguide.pdf. 
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 Photo courtesy of U.S. Navy
Metal recovery and salvage operations onboard the ex-USS Oriskany while being cleaned. 



 
      



 process of preparing a vessel for reefing, there are requirements and regulations, including 
t processes, appropriate disposal of waste generated during vessel clean-up/preparation, 
ssel inspections by appropriate authorities to consider that are not discussed in great detail 
 document, with the exception of TSCA requirements applicable to PCBs.  Appendix B 
rovide, however, an overview of principal federal environmental statutes potentially 



ing preparation or placement of a vessel for use as an artificial reef.  Further, other than 
considerations that would affect how a vessel is prepared for use as an artificial reef, this 
ent does not detail the legal requirements applicable to transfer, siting, or sinking of 



s as artificial reefs in vessel-to-reef projects, except for the overview offered in Appendix 
e information in Appendix B is intended only for the convenience of the reader in order to 
e a useful starting point for identifying the principal environmental statutes of interest.  On 
-by-case basis, additional federal statutes also may apply, though the federal statutes 
fied in Appendix B would be most relevant for the preparation of a vessel for use as an 
ial reef.  The final preparation plan for any particular artificial reef project will necessarily 
sel-specific, and will depend on the characteristics of the vessel and final permitted 
ial reef construction site, as well as regulatory considerations.  In addition, State and local 
lso may apply to vessel preparation, but the document does not attempt to identify such 
n Appendix B. 



uidance identifies materials or categories of materials of concern that may be present 
 vessels, indicates where these materials may be found, and describes their potential 
e impacts if released into the marine environment (Appendix C provides related 
ation).  The materials of concern include, but are not limited to: fuels and oil, asbestos, 
lorinated biphenyls (PCBs), paints, debris (e.g., vessel debris, floatables, introduced 



ial), and other materials of environmental concern (e.g., mercury, refrigerants).  With the 
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exception of materials containing PCBs, this document does not comprehensively discuss 
applicable legal requirements, although those requirements that are directly applicable to vessel 
preparation must also be met prior to vessel sinking and placement.  Because the best 
management practices described in this document are directed at the environmental concerns 
associated with using vessels as artificial reefs, other sources of information should also be used 
with regard to preparation of the vessel from a diver safety perspective or for any other potential 
in-water uses. 
 
A detailed description and characterization of the potential sources of contamination from a 
vessel intended for use as an artificial reef should be conducted and a plan developed.  The 
purpose of this plan is to assure that materials potentially contributing to pollution of the marine 
environment are addressed.  Appendix D of this document presents information regarding the 
development of workplans; Appendix E provides information regarding general principles for 
clean-up operations. 
 
When preparing a vessel that is intended to serve as an artificial reef, documenting the clean-up 
procedures used and the contaminants that will remain onboard the vessel is a key element of the 
BMPs.  More specifically, a description of how the BMP narrative clean-up performance goals 
were achieved, and a visual inspection, are needed to determine whether and how the vessel has 
been cleaned to the level recommended in this guidance document so the vessel can be managed 
appropriately.  A recommended checklist for documenting vessel clean-up using this guidance 
can be found in Appendix F.  A vessel inspection by qualified personnel should be conducted to 
confirm satisfactory clean-up/preparation.  It also should be noted that applicable regulatory 
regimes may require such an inspection.   
 
Achieving and verifying satisfaction of the BMP clean-up goals could help support permit 
applications under the Clean Water Act Section 404 (33 U.S.C. 1344) or Rivers and Harbors Act 
Section 10 (33 U.S.C. 403), if a permit application is submitted to the U.S. Army Corps of 
Engineers.  Further, robust BMP documentation might prove useful for demonstrating 
consistency with Coastal Zone Management Act programs (16 U.S.C. 1452, et seq.), as well as 
for any other State or local certifications necessary to carry out a vessel-to-reef project.  Also, 
EPA officials may find BMP documentation useful as part of their review under EPA 
certification authority pursuant to the Liberty Ship Act. (Note: this Act only applies to 
DOT/MARAD-owned obsolete vessels intended for use as an artificial reef for the conservation 
of marine life.) 
 
This guidance does not substitute for any statute or regulation, nor is it a regulation itself.  The 
document recommends environmental best management practices for use in the preparation of 
vessels for use as artificial reefs.  Associated with the recommended environmental best 
management practices are narrative environmental clean-up performance goals, as well as 
recommendations and suggestions in furtherance of those goals.  By its terms, the guidance itself 
does not impose binding requirements on any federal agency, States, other regulatory or resource 
management authorities, or any other entity.  Among other things, the document includes 
mechanisms to enhance the utility of the Artificial Reefing Program of the Maritime 
Administration as an option for the disposal of obsolete vessels.  It should be noted that under 10 
U.S.C. 7306b(c), the Secretary of the Navy must ensure that the preparation of a vessel (that is 
stricken from the Naval Vessel Register) for use as an artificial reef is conducted in accordance 
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with the environmental best management practices in this guidance.  This latter statutory 
requirement, not today’s guidance document itself, governs the Navy’s application and use of 
this document.  
 
 
Organization of this Guidance Document 
 
This document describes guidelines for the preparation of vessels in a manner that will help 
ensure that the marine environment will benefit from their use as artificial reefs.  Strategic siting 
is an essential component of a successful artificial reef project.  Before the discussion of vessel 
preparation is presented, a cursory description of reef site selection recommendations is 
provided.      
 
For each material or category of material of concern identified, this document provides a 
narrative clean-up performance goal and information on methods for addressing those goals in 
preparation of the vessel prior to sinking.  Additional information for each material includes a 
description of its shipboard use and where it may be found on a vessel, as well as its expected 
impacts if released into the marine environment. 
 
Although the best management practices presented in this document are intended for use when 
preparing a vessel to serve as artificial reef habitat, it is recommended that these best 
management practices be implemented for other in-water uses of vessels such as recreational 
diving.  This potential obsolete vessel management option is briefly described in this document. 
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SITING OF ARTIFICIAL REEFS 
 
Artificial reefs can enhance marine resources and in turn benefit the marine environment; 
however, creating a successful reef entails more than randomly placing miscellaneous materials 
in ocean, estuarine, or other aquatic environments.  Planning (including siting), long-term 
monitoring, and evaluation are necessary components of each project to help ensure that the 
anticipated benefits of artificial reefs are attained.  Improperly planned, constructed, or managed 
reefs may be ineffective, may cause conflict among competing user groups of the reef site, may 
increase the potential to over harvest targeted species, or may damage natural habitats.  In such 
cases, the anticipated benefits of an artificial reef project may be negated. 
 
Because the purpose of creating an artificial reef is to benefit the environment by enhancing 
aquatic habitat and marine resources, as well as providing an additional option for conserving, 
managing, and/or developing fisheries resources, artificial reefs should not cause harm to 
existing living marine resources and habitats.  Properly prepared and strategically sited artificial 
reefs can enhance fish habitat, provide more access to quality fishing grounds, and provide 
managers with another option for conserving, managing and/or developing fishery resources.   
   
Placement of a vessel to create an artificial reef should: 
 



• enhance and conserve targeted fishery resources to the maximum extent practicable; 
 



• minimize conflicts among competing uses of water and water resources; 
 
• minimize the potential for environmental risks related to site location; 



 
• be consistent with international law and national fishing law and not create an obstruction 



to navigation; 
 



• be based on scientific information; and 
 



• conform to any federal, State, or local requirements or policies for artificial reefs.  
 
Additional considerations that may be relevant to the placement of a vessel for the creation of an 
artificial reef include: 
 



• facilitating access and use by recreational and/or commercial fishermen; and 
 



• facilitating access and use by recreational divers. 
 
Artificial reef project planners should identify the habitat type and/or species targeted for 
enhancement and determine which biological, physical, and chemical site conditions will be 
most conducive to meeting the reef objectives.  Once these siting conditions, including 
community settlement and recruitment dynamics, are determined, they should be used in 
identifying potential construction sites.  Existing communities (e.g., infaunal, epifaunal, benthic, 
demersal, mid-water, surface-oriented) in the area where the artificial reef is to be placed should 
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be considered prior to placement -- this should include monitoring to establish baselines for the 
fishing resources. 
 
Caution should be exercised when developing artificial reefs in nearshore areas due to the 
increased potential for resource competition as well as competition for niche space.  Improperly 
sited reefs might enhance a recreational fish resource at the expense of other species or habitat; it 
may also alter the ecological balance of the area.  For example, sandy estuarine habitat often 
provides critical nursery grounds for the juveniles of many species of bottom fish.  During this 
life stage, the primary predator protection for these juvenile fish is the absence of large fish -- 
which are favored by recreational anglers.  Oftentimes, sandy estuarine locations tend to be 
popular choices for siting artificial reefs to attract large fish for recreational fishing, thereby 
altering existing predatory/prey interactions and creating resource competition.  Strategic project 
planning can minimize these conflicts. 
 
Artificial reefs should not be constructed such that they are placed on or threaten the integrity of 
natural habitats such as: 
 



• existing coral reefs; 
 
• significant beds of aquatic grasses or macroalgae; 



 
• oyster reefs; 



 
• scallop, mussel, or clam beds;  
 
• existing live bottom (i.e., marine areas supporting growth of sponges, sea fans, corals, 



and other sessile invertebrates generally associated with rock outcrops); or 
 



• habitats of Endangered Species Act listed species and species of State and local concern. 
 
The goals and priorities of an artificial reef project should direct overall site selection.  Within 
the identified target area, existing natural and artificial reefs and known bottom obstructions 
should be identified.  Exclusion areas for potential artificial reef projects should include, but are 
not limited to: 
 



• shipping lanes; 
 
• restricted military areas; 
 
• areas of poor water quality (e.g., low dissolved oxygen, dredged material disposal sites); 
 
• traditional trawling grounds; 
 
• unstable bottoms; 



 
• areas with extreme currents, or high wave energy; 
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• existing right-of-ways (e.g., oil and gas pipelines and telecommunication cables); 
 
• sites for purposes that are incompatible with artificial reef development; and 
 
• areas designated as habitat areas of particular concern or special aquatic sites. 



  
 
The bottom composition and configuration at an artificial reef site affects reef stability and 
longevity and should be carefully evaluated in the site selection process.  In most cases, soft 
sediments such as clays, silts, and loosely packed sands should be avoided.  Over time, artificial 
reef materials may sink into these sediments or become partially covered. 
 
Project planners should evaluate vessel-to-reef projects and potential sites with regard to 
chemical and biological conditions as well as long-term durability and stability, as these will 
affect future habitat value.   
 
Coastal physical processes can greatly influence a potential artificial reef site.  Artificial reef 
planners should be aware that bottom sediments shift and may change significantly during 
storms, hurricanes, and geologic events.  Materials that present large amounts of surface area 
may scour deeply into almost any bottom type, depending upon storm events, currents, or wave 
action. 
 
The principal hydrographic factors to be considered in selecting sites for artificial reef placement 
include water depth, potential wave height, currents, and tides.  Water depth is a significant 
siting criterion.  Artificial reefs should be placed in water at sufficient depths to avoid creating a 
hazard to navigation – minimum clearance above the reef should accommodate the draft of the 
largest vessels expected to operate in the vicinity with an adequate safety margin.  Water depth at 
the site may critically affect artificial reef material stability and long-term structural integrity.  In 
large, open bodies of water, average wave energy as a function of water depth is the major 
concern. 
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Guidance for Preparing Vessels to Create Artificial Reef Habitat 
 
 
 
 
 
 
 



Photo courtesy of Laura S. Johnson 
Worker sweeping debris during flight deck removal onboard the ex-USS Oriskany.   
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OIL AND FUEL 
 



Narrative Clean-up Goal:  Remove liquid fuels and oils and semi-solids (greases) so 
that: no visible sheen is remaining on the tank surfaces (this includes all interior fittings, 
piping, structural members); no film or visible accumulation is remaining on any vessel 
structure or component (e.g., on machinery or from spills on decking or carpet).  The end 
result of such clean-up should be that no sheen be visible upon sinking a vessel. 
 
 



 What are oil and fuel? 
 
For purposes of this guidance, the term oil includes crude oil; petroleum and petroleum-refined 
products (e.g., diesel fuel, gasoline, kerosene, and bunkers); and non-petroleum oils such as 
synthetic oils (e.g., silicone fluids), wood-derivative oils (e.g., resin/rosin oils), animal fats and 
oil, and edible and inedible seed oils from plants, which might be more relevant for cargo 
vessels.   



 
Some common refined petroleum products and their characteristics are as follows: 



• No. 2 Fuel Oil is a lightweight substance that flows easily, spreads rapidly, and 
disperses readily.  It is neither volatile nor likely to form emulsions. 



 
• No. 4 Fuel Oil is a medium weight substance that flows easily and is readily 



dispersed if treated promptly.  It has a low volatility and moderate flash point. 
 



• No. 5 Fuel Oil (Bunker B) is a medium to heavyweight substance with a low 
volatility and moderate flash point.  Dispersion is very difficult and potentially 
impossible. 



 
• No. 6 Fuel Oil (Bunker C) is a thick substance that is difficult to pump and 



requires preheating for use.  No. 6 fuel oil may be heavier than water.  It is not 
likely to dissolve, and is likely to form tar balls, lumps, or emulsions.  No. 6 fuel 
oil is very difficult or impossible to disperse.  It has a low volatility and moderate 
flash point and is especially persistent in the environment. 



 
 



 What are the potential environmental impacts of oil and fuel? 
 
The impacts of fuel and/or oil introduced into the marine environment are influenced by a variety 
of factors, including the physical properties of the oil, whether the oil is petroleum-based or non- 
petroleum-based, and the hydrodynamic properties of the receiving waters.  Each type of oil has 
distinct physical properties that affect the way it disperses and breaks down, the hazard it may 
pose to ecosystems, and the likelihood that it will pose a threat to manmade resources.  For 
example, the rate at which surface dispersion occurs will help to determine the effect of an oil 
spill on the environment.  Most oils spread horizontally into a smooth and continuous layer, 
called a “slick,” on the water surface. 
 
Petroleum-based and non-petroleum-based oils can have both immediate and long-term adverse 











 



 23



effects on the environment.  These oils can be dangerous, or even deadly to wildlife.  Light 
refined petroleum products, such as gasoline and kerosene, spread on water surfaces.  The risk of 
fire and toxic exposure is high, but the products evaporate quickly and leave little residue.  
Alternatively, heavier petroleum-based refined oil products may pose lesser fire and toxic 
hazards and do not spread on water as readily.  However, heavier oils are more persistent in the 
environment, and may present a greater clean-up challenge.   
 
Many non-petroleum oils have physical properties similar to those of petroleum-based oils.  For 
example, they both have limited solubility in water, they both create slicks on the water surface, 
and they both form emulsions and sludge.  However, non-petroleum oils tend to be persistent, 
remaining in the environment for long periods of time. 
 
Oil spills can harm the environment in several ways, including the physical damage that directly 
impacts wildlife and their habitats and the toxicity of the oil and its constituents, which can 
poison exposed organisms.  Spilled oil in the environment immediately begins to disperse and 
degrade, with concomitant changes in physical and chemical properties.  As these processes 
occur, the oil threatens natural resources, including birds and mammals as well as a wide range 
of marine organisms linked in a complex food web.  Some organisms can be seriously injured 
(non-lethal effects) or killed (lethal effects) very soon after contact with the oil in a spill (acute 
effects); however, non-lethal toxic effects are often more subtle and often longer lasting (chronic 
effects). 



 
  



 Where are oils and fuels found in a ship? 
 
Diesel fuel and fuel oil may be contained in various tanks throughout a ship.  For example, 
lubricating oil is found in engine sumps, drums of unused lubricating oil in ship storerooms or 
engineering spaces, and sludge in fuel and cargo tanks.  Hydraulic systems and components also 
contain oils.   
 
The vessel’s piping and tank arrangements generally will contain some oil, fuel, sludge, and 
associated residues.  Fuel oil may be found in both integrated and freestanding tanks throughout 
the ship.  Lubricating oils may be found in a variety of tanks depending on their individual use.  
System oils are generally located in engine room sump tanks, while cylinder oils and lubrication 
oils will be stored in tanks dedicated for a specific purpose.  Other types of fuels and oils may be 
contained in cargo tanks.   
 
“Used oil” -- any oil that has been refined from crude oil or any synthetic oil that has been used 
and, as a result of such use, is contaminated by physical or chemical impurities -- also may be 
found on ships.  Used oil includes spent lubricating fluids that have been removed from engine 
crankcases, transmissions, and gearboxes; industrial oils such as compressor, turbine, and 
bearing oil; metal working oil; and refrigeration oil.     
 
Spills of fuels and oils may be found near cargo holds, ship store rooms, engineering spaces, and 
any other equipment that may house fuel and oil. 
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        Photo courtesy of Laura S. Johnson 



Flushed hydraulic system onboard the ex-USS Oriskany.    
 
 



How should the vessel be prepared; what are the appropriate BMPs for oil and fuel? 
 
The aim of clean-up is to remove liquid fuels, oils, and grease.  Although it is impossible to 
remove all fuels, oils, and grease, a very thorough clean-up is achievable.  In general, all liquid 
fuels and oils and semi-solids (greases) should be drained, flushed, and cleaned from fuel/lube 
and fluid system equipment (including piping, interior fittings, and structural members) so that 
no visible sheen remains on the tanks or other associated fluid system structures.  The opening 
and cleaning of pipes varies according to the type of product that was in the lines.  No visual 
evidence of weeping (oozing or releasing drops of liquid) should exist at openings.  An 
alternative and very effective option for hydrocarbon clean-up is removal of the equipment and 
piping.  Suggested cleaning methods for liquid fuels and oils, and semi-solids are found in 
Appendix G.  
 
During vessel preparation, an economical way of managing used oil is recycling.  It should be 
noted that additional used oil might be generated during the final preparation of the vessel prior 
to sinking (e.g., oil for generators).  Such used oil and grease should be removed from the vessel 
before sinking.  While the goal is to remove all oil and grease, it may be acceptable to leave old 
oil and grease in place if it is determined visually to be dried/solidified and therefore is not likely 
to cause a sheen. 
 
Fuel and Oil Tanks  
All fuels and lubricants should be drained from the tanks and the tanks flushed.  Merely sealing 
tanks, whether as the sole means of fuel and oil tank preparation or in combination with partial 
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tank draining, is insufficient.  Over time, the integrity of the sealed tanks will eventually be 
compromised as marine growth density increases and the ship’s underlying structural 
components decay.  The placement of the Liberty ship, Joseph L. Meek, sunk off Escambia 
County, Florida, in 1976, demonstrated that corrosion of the ship’s metal will eventually release 
residual fuel sealed in tanks into the environment.  Although sealing the tanks without removing 
the contents is not sufficient for managing fuel and oil on a vessel intended to serve as an 
artificial reef, fuel/lube and fluid system equipment and piping intended to stay on the vessel 
should be sealed as necessary for the purpose of towing stability once the fuel/oil has been 
removed.  Because these systems need to be opened during vessel preparation for draining and 
flushing the systems clean, sealing these systems may be necessary to help maintain vessel 
stability during transit to the designated artificial reef site. 
 
There are several accepted and widely used methods to clean fuel and oil tanks.  The appropriate 
method will be determined by the type of fuel or oil in the tank, the amount of residue in the 
tank, and the extent of any hard or persistent deposits or residues.  In general, lower quality fuels 
and heavy oils will require more cleaning effort.  Similarly, tanks for dirty or water-contaminated 
oils will require more cleaning effort. 
  
When cleaning tanks, the following factors should be considered: worker access and safety 
issues, machinery and resources available, and the methods or facilities available to deal with the 
cleaning residues.  It may be necessary to experiment with several cleaning methods to see which 
best suits the particular circumstance.   
 
Some methods for cleaning tanks are detailed in Appendix G.  Regardless of the selected tank 
cleaning method, the effluent and water must be collected, treated, and disposed of in 
compliance with applicable regulations.  Large volumes will require the services of a pumper 
truck or barge, while smaller quantities should be collected and stored in drums.  Caution should 
be used during all transfer operations to avoid spills.  If transferring large quantities of oil or oil 
contaminated liquid, a containment boom around the vessel should be used to minimize the 
extent or spreading of an accidental release. 
 
Structural and Non-structural Tanks  
All structural and non-structural tanks are assumed to be contaminated by fuel or oil until proven 
otherwise.  Structural tanks include, but are not limited to:  fuel storage/settling/service/day 
tanks, cargo tanks, oil tanks, structural hydraulic tanks, fresh water tanks, ballast tanks, stabilizer 
tanks, black and gray water tanks, voids, and cofferdams.  At a minimum, liquid fuels and oils in 
such tanks should be removed. 
 
Tank interiors including deckheads should be cleaned of all fuel and oil.  No visible fuel and oil 
should remain on the tank surfaces (this includes all interior fittings, piping, structural members), 
or on the water surface when flooded after sinking.  No emulsified oil, as determined by visual 
inspection, should remain.  Oil absorbent pads and excess loose oil absorbent material should be 
removed before sinking.  
 
Gauges and Gauge Lines 
Pressure gauges and gauge lines are assumed contaminated with the product that they were 
intended to measure.  Fluid filled gauges should be removed.  Pressure gauges and gauge lines 
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should also be removed to prevent oil seepage from these lines.  Lines that remain in place 
should be flushed, and the lines cleaned. 
  
Special care should be exercised with mercury thermometers and pressure (typically vacuum) 
measuring devices.  These should be removed intact from the vessel.  A temperature gauge that 
does not contain any hazardous material can remain in its position.  Other measuring instruments 
should be removed from the vessel or opened for cleaning, examination, and possible removal.   
 
Combustion Engines  
Combustion engines include any reciprocating engine in which fuel is consumed (diesel, 
gasoline, gases), stirling cycle engines, and gas turbines.  The entire fuel/oil system should be 
drained and flushed.  Any items (e.g., oil filters and strainer elements) that can not be flushed 
should be removed.   
 
Combustion engines and associated manifolds should be thoroughly drained, flushed, and 
cleaned.  Machinery need not be removed if it is completely drained and the sumps flushed and 
cleaned.  Sometimes, engines are removed for reuse or to assure that all oil is removed before 
reefing.  In some cases, it might be less expensive to remove and dispose of the engines than to 
clean the oil from them.  Some methods for cleaning combustion engines are detailed in 
Appendix E.    
 
Non-combustion Engines, Shafting, Gearing and Stern Seals 
Main gear boxes and associated clutches should be drained of all lubricating oils.  Internal gear 
sprayers, lubricating lines, and other components should be removed, or drained.  External 
pedestal and thrust bearings should be drained.   
 
Stern tubes and seals, if of the oil bath type, should be drained of oil.  Note that draining the stern 
tubes and seals may require extraordinary measures to preserve the watertight integrity of the 
vessel during the clean-up and salvage operation.   
 
Vessels that are equipped with thrusters, Z-drives, or other unconventional propulsion systems 
will be addressed on a case-by-case basis.  The objective is that no oil or fuel remains in the 
propulsion system.   
 
Steering Gear 
Hydraulic pumps and associated piping and fittings should either be removed or drained and 
flushed clean.  Hydraulic telemotor systems should be treated similarly.  Grease lines and 
reservoirs for rudder heads should be removed from the ship, or opened and cleaned.  Vessels 
with combined propulsion and steering systems should be addressed as described in the previous 
subsection (“Non-combustion Engines, Shafting, Gearing, and Stern Seals”). 
 
Auxiliary Machinery  
Auxiliary machinery that has oil as its working fluid should be completely drained and flushed 
clean.  Auxiliary machinery refers to machinery and components that are not an integral part of 
the main propulsion system of the vessel.  The term can include but is not limited to:  pumps, 
motors, compressors, galley equipment, capstans, elevators, and cargo handling machinery.  
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Many pieces of auxiliary machinery have a lubricating oil system or are in direct contact with 
oil. 
 
All lubricating oil system components should be stripped from auxiliary machinery, drained and 
cleaned.  Lubricating oil sumps should be drained and cleaned.   
 
Hydraulics  
All hydraulic systems should be assumed to have employed a petroleum- or synthetic-based fluid 
that needs to be cleaned.  Hydraulic lines should be removed from the vessel, or opened and 
blown through with air until clear.  Hydraulic fittings (valves and valve blocks of all types, 
cylinders, pumps, accumulators, filters, coolers) should be removed from the ship or drained 
clean.  Hydraulic sumps should be opened and drained clean.   
 
Grease  
All grease reservoirs should be removed from the ship, or opened and cleaned.  Grease lines 
should be removed or blown through until clear and all visible grease accumulations should be 
removed so that no visible sheen remains.  Machinery that employs grease-packed gearboxes 
(common on deck machinery), as well as grease packed couplings, stuffing boxes, chain 
sprockets, and worm drives should be opened and cleaned of grease.  Grease on chains and 
sprockets should be removed.  Greased cables should be cleaned or removed from the vessel.   
 
Sealed rolling element bearings that contain grease can be left in-situ.  Grease in other fittings 
such as stuffing boxes and glands can be left in situ if the seals are intact and the quantities are 
small (for example, less than 100 milliliters evenly distributed throughout the component).  Any 
grease on the outside of the sealed bearings should be removed.   
 
Bilge Areas 
The bilge area includes all areas that would be subject to contact with oily water, or may be a 
catch area for spills from cargo holds or storerooms, and interior surfaces which may have been 
subject to contamination through sprays, spills, or disposal.  Bilge areas also include the plating 
and all surfaces of attached stiffeners and fittings.  Bilge areas should be free of visible oils, 
greases, and sludge.  Oil or grease films evident to the touch should be removed.  All debris 
should be removed, particularly any debris contaminated with fuel, oil, or grease.  Any cleaning 
fluids used to clean the bilge should be removed from the vessel.  Accumulations of loose oil 
absorbent material should be limited to those amounts that cannot reasonably be picked up with 
brooms and vacuums. 
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Photo courtesy of Laura S. Johnson 
Oil absorbent pad in engine room bilge of the ex-USS Oriskany.   



s is frequently complicated by poor access caused by piping, gratings, and 
 many cases, it is cheaper and easier to remove the dirty or contaminated items 
s than to clean the items as well as the bilge.  Once clean, bilges are very 
econtamination.  Note the following recontamination issues: 



 valves, and fittings in systems containing fuels, oils, or grease will continue to 
 some time after initial draining.  Over a short period of time, these drips can 
tate a major rework cleaning effort.  Therefore, drips should be captured whenever 
e; drip pans should be emptied frequently. 



ers used for clean-up are vulnerable to tipping and spilling, especially in 
ons -- such as poor lighting -- that are often found in vessels undergoing sinking 
tion.  Remove containers used for clean-up when they are full.   



hould not be allowed to enter bilges unless it is part of a planned clean-up effort. 
hat otherwise enters the bilge should be handled as oily wastewater. 



approach and methods recommended for cleaning bilges are the same as for 
   



or Coverings 
 films on decks and floor coverings should be cleaned.  Floor coverings include 
oleum and linoleum tile, carpet, and any other floor coverings.  In compartments 



and oil spills during the vessel’s life (e.g., workshops, compartments with fuel or 
ws or tank covers), the deck covering and underlayment should be examined for 



 Floor coverings or underlayment that has been saturated with fuels, oils, or grease 
ved from the vessel. 
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Bulkheads and Deckheads 
Bulkheads and deckheads should be cleaned of oil and grease films.  Where it is evident that a 
spill or accumulation resulting from leaks has occurred, coverings should be removed to reveal 
the full extent of the spill or accumulation. 
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ASBESTOS   
 



Narrative Clean-up Goal:  Remove any loose asbestos and asbestos that may become 
loose during vessel sinking; remove or seal accessible friable asbestos.   



 
 
 What is asbestos? 
 
Asbestos refers to a group of minerals that occur naturally as masses of long silky fibers.  There 
are three main types of asbestos fibers: 
 



• Chrysotile fibers (white asbestos) are fine, silky flexible white fibers.  They are pliable 
and cylindrical, and arranged in bundles.  This was the most commonly used asbestos in 
the United States.   



 
• Amosite fibers (brown asbestos) are straight, brittle fibers that are light grey to pale 



brown.  This was the most commonly used asbestos in thermal system insulation. 
 



• Crocidolite fibers (blue asbestos) are straight blue fibers that are like tiny needles. 
 
There are three other types of asbestos fibers: anthophyllite, tremolite, and actinolite.  Unlike 
most minerals, which turn into dust particles when crushed, asbestos breaks up into fine fibers 
that may be too small to be seen by the human eye.   
 
Individual asbestos fibers are often mixed with a material that binds them together, forming what 
is commonly called asbestos-containing material (ACM).  There are two kinds of ACM: friable 
and non-friable. 
 



• Friable ACM is any material containing more than 1% asbestos that, when dry, may be 
crumbled, pulverized, or reduced to powder by hand pressure. 



 
• Non-friable ACM is any material containing more than 1% asbestos that, when dry, 



cannot be crumbled, pulverized, or reduced to powder by hand pressure.  Non-friable 
ACM is divided into two categories. 



 
1. Category I non-friable ACM includes asbestos-containing resilient floor 



coverings, packings, and gaskets. 
 



2. Category II non-friable ACM includes all other non-friable ACM that is not 
included in Category I. 



 
Asbestos is resistant to abrasion and corrosion, inert to acid and alkaline solutions, and stable at 
high temperatures.  It is strong yet flexible, non-combustible, conducts electricity poorly, and is 
an effective thermal insulator. 
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 What are the potential environmental impacts of asbestos? 
 
Asbestos is a naturally occurring mineral.  The environmental impacts caused by asbestos are 
dependent upon 1) whether asbestos is reduced to fibers or is in a non-friable form; and 2) 
whether the asbestos is air-borne or water-borne. 
 
Even though adverse impacts from asbestos are largely from inhalation -- which is not expected 
to be an issue in the marine environment -- vessel preparation should eliminate the possibility of 
pieces of asbestos breaking free from the vessel during the sinking operation or asbestos 
materials losing surface integrity after the vessel has been placed as an artificial reef.  Loose 
asbestos pieces can lead to rafting and may be capable of washing ashore.  These asbestos pieces 
could dry up, break apart, and be reintroduced into the atmosphere.  Exposure to airborne 
asbestos can negatively impact human health via inhalation. 
 
Once a vessel has settled on the ocean floor, asbestos remaining on the vessel (e.g., intact and 
undisturbed asbestos insulation) will be covered with bacteria over time.  This in turn will cause 
the asbestos fibers to sink and remain contained within the reef matrix, minimizing any potential 
direct impacts to the marine environment.  (See Appendix C) 
 
 
 Where is asbestos found on a ship? 
 
Asbestos on ships may be found in many materials, including, but not limited to: 
 



• Bulkhead and pipe thermal insulation 
• Bulkhead fire shields/fireproofing 
• Uptake space insulation  
• Exhaust duct insulation 
• Electrical cable materials 
• Brake linings 
• Floor tiles and deck underlay 
• Overhead and panel sheeting (cement and cellulose based) 
• Steam, water, and vent flange gaskets 
• Adhesives and adhesive-like glues (e.g., mastics) and fillers 
• Sound damping 
• Molded plastic products (e.g., switch handles, clutch facings) 
• Sealing Putty 
• Packing in shafts and valves 
• Packing in electrical bulkhead penetrations 
• Asbestos arc chutes in circuit breakers 
• Pipe hanger inserts 
• Weld shop protectors and burn covers, blankets, and any fire-fighting clothing or 



equipment 
• Any other type of thermal insulating material 
 
NOTE:  Asbestos-containing material may be found underneath materials that do not contain 
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asbestos.  Thermal system insulation and surfacing material found in vessels and vessel 
sections constructed after 1980 may be presumed to be free of asbestos-containing material. 



 



Photo courtesy of Laura Casey
Asbestos pipe wrapping on the ex-USS Oriskany. 



 
 
 How should the vessel be prepared; what are the appropriate BMPs for asbestos? 
 
Asbestos can be found throughout ships, from the top of the bridge to the bilge.  Identifying the 
locations and types of asbestos onboard early in the clean-up process is essential for vessel 
preparation and may involve qualified asbestos inspectors.  Once the type and location of 
asbestos and asbestos-containing materials are identified, a determination should be made 
whether to remove, encapsulate, or leave the asbestos undisturbed. 
 
The method of demolition is particularly important to the effective management of asbestos on 
board ships.  If the sinking method for the vessel includes the use of explosives, asbestos-
containing material that may become disturbed during detonation should be removed from the 
vessel.   
 
In addition, any asbestos that is moved or disturbed (including during clean-up operations) or can 
potentially get dislodged as the vessel sinks should be removed from the vessel.  Friable asbestos 
should be sealed as a precautionary measure to prevent releases of asbestos in high 
concentrations during the sinking event.  Intact and undisturbed asbestos insulation need not be 
removed. 
 
Engine Room and Engine Compartments 
Removal or encapsulation of exposed, disturbed and deteriorated asbestos should be considered 
since it is likely that the asbestos will break free and create debris during sinking.  If the asbestos 
is to be encapsulated, the encapsulation should be strong enough that its integrity will not be 
impacted by the preparation for sinking as well as the sinking itself.   
 











 



 



The primary source of friable asbestos is pipe wrappings around the main boilers and steam 
fittings.  On most vessels the asbestos coating, which is 1 to 3 inches thick, is covered with 
canvas and is usually painted.  If work needs to be done around the piping and the covering, 
causing the asbestos to be disturbed, the disturbed material should be removed.  If the covering is 
deteriorated and it is likely that the asbestos will break free during sinking, then removal or 
encapsulation with an epoxy or other non-water soluble and non-toxic sealer should be 
considered.  Certain boilers and piping are covered with a very friable asbestos paste.  If such 
friable asbestos is not covered with canvas and/or paint, the friable asbestos should be sealed or 
encapsulated with an epoxy or other non-water soluble and non-toxic sealer.   
 
Throughout the engine room there are 
numerous asbestos gaskets connecting 
piping and ductwork.  If left intact, these 
gaskets usually will not release asbestos 
fibers.  However, if the ductwork or 
piping needs to be cut or removed and 
vessel debris is created as a result, 
gaskets should be removed or 
encapsulated if possible.   
 
In some engine rooms asbestos/cellulose 
sheets are found behind power and 
electrical panels or in the overhead 
where electrical service passes.  
Undisturbed, this material is not friable.  
However, once the sheets are exposed to 
the marine environment, the sheets lose 
their integrity and can break up and raft.  
Where possible, these sheets should be 
removed.  Note that asbestos cement 
sheets may also be used as panels on  



Patched asbestos pipe wthe vessel.  However, these sheets are  
not water-soluble and therefore should  
not break apart when exposed to the  
marine environment.  These sheets can stay in place unless cut, dr
asbestos may also be found between bulkheads; this asbestos may
asbestos is contained within the bulkheads.  If, however, the bulkh
disturbed, the friable asbestos that is now exposed should be enca
 
Ship Interior and Living Spaces 
Asbestos was also used in some hatch gaskets mixed with rubber 
watertight spaces.  Under normal circumstances this will only pre
torches are used.  In such cases, the gaskets should be removed pr
 
Asbestos/asphalt floor tile was common from the 1940's to the mi
asbestos is manufactured with the asbestos encapsulated.  If prepa
tile to be disturbed via grinding, cutting, or burning, those pieces 


Photo courtesy of Laura S. Johnson
rapping on the ex-USS Oriskany.
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illed or disturbed.  Friable 
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Asbestos sheets both with cement and cellulose may be found especially in the combat 
information center, the radio room and other spaces where electrical equipment may be found.  
Cellulose/asbestos panels should be removed but cement panels are safe.  As an example, while 
inspecting an old Navy tug planned for reefing off the coast of Virginia, it was determined that 
the entire interior of the wheel house was paneled with cellulose/asbestos panels and had to be 
removed.   
 
Exterior Spaces 
There are a few areas on the exterior of ships where asbestos was used.  Asbestos may have been 
mixed with paint and applied as a coating near some vents and hatches.  Also, some hatches may 
have gaskets that contain asbestos. In either case, the material does not need to be removed 
unless these exterior areas require grinding or cutting. 
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POLYCHLORINATED BIPHENYLS (PCBs) 
 



Narrative Clean-up Goal:  Remove all manufactured products containing greater than or 
equal to (≥) 50 parts per million (ppm) of solid PCBs; remove all liquid PCBs regardless 
of concentration; remove all materials contaminated by PCB spills where the 
concentration of the original PCB source is ≥ 50 ppm. 



 
 
 What are PCBs? 
 
PCBs belong to a broad family of man-made organic chemicals known as chlorinated 
hydrocarbons.  PCBs, which were domestically manufactured from 1929 until their manufacture 
was banned in 1979, have a range of toxicity and vary in consistency from thin, light-colored 
liquids to yellow or black waxy solids.  Due to their non-flammability, chemical stability, high 
boiling point, and electrical insulating properties, PCBs were used in hundreds of industrial and 
commercial applications including electrical, heat transfer, and hydraulic equipment; as 
plasticizers in paints, plastics, and rubber products; in pigments, dyes, and carbonless copy 
paper; and many other industrial applications.   



 
 
What are the potential environmental impacts of PCBs? 



 
PCBs have been demonstrated to cause a variety of adverse health effects.  PCBs have been 
shown to cause cancer in animals and have also been shown to cause a number of serious non-
cancer health effects in animals, including effects on the immune system, reproductive system, 
nervous system, endocrine system, and other health effects.  Studies in humans provide 
supportive evidence for potential carcinogenic and non-carcinogenic effects of PCBs. The 
different health effects of PCBs may be interrelated, as alterations in one system may have 
significant implications for the other systems of the body.  EPA’s peer reviewed cancer 
reassessment concluded that PCBs are probable human carcinogens.  In addition, PCBs are 
persistent and bioaccumulative.  PCBs bioaccumulate in fatty or lipid-rich tissues.  PCBs have a 
limited solubility in aqueous solutions and PCBs can leach into a marine or aqueous environment 
(sediment and water column) where they can be taken up by organisms in the food web.  PCBs 
bioaccumulate in fish and other animals; PCBs also bind to sediments.  As a result, people who 
ingest fish may be exposed to PCBs that have been released into the environment and 
bioaccumulated in the fish they are ingesting.   
 
There is a risk of human exposure during vessel preparation and after sinking the vessel.  During 
vessel preparation, typical routes of human exposure include inhalation, accidental ingestion, or 
dermal contact.  After sinking, exposure routes may be limited to accidental ingestion of or 
contact with contaminated water and sediments, or ingestion of contaminated fish, shellfish, or 
crustaceans.  (See Appendix C) 
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 Where are PCBs found on a ship? 
 
Although no longer commercially produced in the United States, PCBs are most likely to be 
present in vessels deployed before the 1979 PCB ban.  For such vessels, PCBs may be found in 
both the solid (waxy) and liquid (oily) forms in equipment and materials onboard ships.  The 
equipment that may contain PCBs in concentrations of ≥ 50 ppm and the manufactured products 
containing ≥ 50 ppm of solid PCBs, include: 
 
Materials and items that could contain solid PCBs 



• Cable insulation 
• Rubber and felt gaskets 
• Thermal insulation material including fiberglass, felt, foam, and cork 
• Voltage regulators, switches, reclosers, bushings, and electromagnets 
• Electronic equipment, switchboards, and consoles 
• Adhesives and tapes 
• Oil-based paint 
• Caulking 
• Rubber isolation mounts 
• Foundation mounts 
• Pipe hangers 
• Plastics  



 
Materials and items that could contain liquid PCBs 



• Oil used in electrical equipment and motors, anchor windlasses, hydraulic systems, and 
leaks and spills from such items 



 
Materials and items that could contain either liquid or solid PCBs  



• Transformers, capacitors, and electronic equipment with capacitors and transformers 
inside 



• Fluorescent light ballasts 
• Surface contamination of machinery and other solid surfaces 



 
 
Items containing PCBs may be found throughout a ship and are not always easily identifiable or 
readily accessible.  PCBs may be found in a variety of shipboard materials, but the location and 
concentration can vary from item to item and within classes of items.  PCB-containing materials 
also are likely to vary from ship to ship, and even ships in the same class can contain differing 
types and amounts of PCB-containing materials.  While these materials may be found throughout 
a ship, several areas on ships may have an increased likelihood of containing PCB-bearing 
materials: areas or rooms subject to high heat or fire situations such as boiler rooms, engine 
rooms, electrical/radio rooms, weapons storage areas, or areas with hydraulic equipment.  Be 
aware that these pieces of equipment or systems are vulnerable to leaks and spills, which could 
leave spill residues behind and contaminate porous materials (e.g., carpet, wood, rubber/plastic 
mats, paint).   
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Photo courtesy of Laura S. Johnson 
Ex-USS Oriskany electronic equipment stripped of capacitors and transformers. 



ow should the vessel be prepared; what are the appropriate BMPs for PCBs? 



 regulated for disposal under 40 CFR Part 761, and will be discussed in this context.  
 regulations require manufactured products containing ≥ 50 ppm of solid PCBs (PCB 
uct waste) and materials contaminated by spills of liquids containing PCBs (PCB 



ion waste) to be properly disposed.  Although the ship itself is being “reused” or 
” as an artificial reef, the PCBs must be properly disposed.  Disposal requirements for 
 of PCB waste are referenced below (also see Appendix B).   



ere is reason to suspect that equipment or manufactured products containing solid PCBs 
ain PCBs ≥ 50 ppm, either remove the equipment or component from the vessel, or 
roof that the equipment or component is free of PCBs, unless a PCB bulk product waste 



approval has been obtained under 40 CFR 761.62(c) (see below).   



CA regulations, a spill of liquids containing PCBs ≥ 50 ppm is considered an illegal 
of PCBs.  Material(s) contaminated by such a spill must be cleaned or removed and 
 of, unless a risk-based disposal approval has been obtained under 40 CFR 761.61(c).  
dues and materials contaminated by these spills are regulated differently than bulk 
aste (see below). 



gn and implementation of a representative sampling and analytical plan can help 
e the presence or absence of PCBs in materials containing solid PCBs at ≥ 50 ppm or 
 containing PCBs as the result of spills.  If the data from the sampling and analytical 











 



 



plan indicates the absence of PCBs, the ship and its components are not subject to the PCB 
provisions of TSCA. 
 
Liquid Materials Manufactured with PCBs 
Remove all liquid-filled electrical equipment suspected of containing PCBs or PCB-
contaminated dielectric fluid, regardless of PCB concentration.  Materials such as lubricating oils 
and greases used for winches and cargo-handling machinery, hydraulic fluids, heat transfer 
fluids, and waste oils should be removed from the vessel in accordance with the guidance in the 
“Oil and Fuel” section of this document.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Manufa
Remove
not limi
lanterns
 
Therma
approva
consum
for remo
electrica
action.  
 



38



Photo courtesy of Laura Casey
Engine room electrical cabling on the ex-USS Oriskany. 



ctured Products Containing Solid PCBs  
 all manufactured products containing ≥ 50 ppm of solid PCBs, which includes, but is 
ted to, felt gasket and faying material, cables, paints, rubber gaskets, as well as battle 
 and fluorescent light ballasts.   



lly removing PCB-containing materials is generally not authorized without prior written 
l.  Because PCB sampling and analytical procedures can be expensive and time 
ing, there may be situations when the cost of sampling and analysis far exceeds the cost 
val and disposal.  In some cases, vessel-to-reef projects have shown that removal of all 
l cables and wires suspected of containing PCBs was the most economical course of 
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While the complete removal of all manufactured products containing ≥ 50 ppm of solid PCBs is 
recommended, EPA recognizes that in some vessels it may not be feasible to identify and remove 
every such item.  If such materials cannot be feasibly identified and/or removed, an application 
to EPA for a risk-based approval to dispose of the PCB bulk product waste in a marine 
environment for purposes of creating an artificial reef is required pursuant to 40 CFR 761.62(c).  
(EPA’s decision includes consideration of a risk assessment submitted by the applicant, and a 
public participation process.  Please consult the responsible EPA office for more information.)3  
 
Materials Containing PCBs as a Result of Spills 
Remove all materials containing ≥ 50 ppm of PCBs due to PCB spills.  In addition, depending on 
the concentration of the spilled PCBs and the date when the spill occurred, it may be necessary to 
remove materials currently containing less than 50 ppm of PCBs due to spills.4  If it is not known 
when a spill occurred, you should generally assume that it occurred after July 1, 1979. 
 
During vessel clean-up/preparation, attention should be directed to locations on the ship that are 
known to house equipment and systems that typically contain PCB liquids.  Because such 
equipment or systems are vulnerable to leaks and spills during the lifetime of the vessel, the 
areas surrounding the equipment or systems are likely contaminated by liquids containing PCBs. 
 
If there is no information regarding whether a spill occurred and/or the PCB concentration of any 
spilled liquid, design and implement a representative sampling plan to verify that there are no 
PCBs present in the areas surrounding the liquid-filled equipment or systems.  If the sampling 
results indicate presence of PCBs as a result of a spill of liquids containing PCBs, remove the 
spill residue and the materials contaminated by the spill (e.g., remove paint from a contaminated 
surface such as a metal deck, strip the contaminated area down to bare metal in accordance with 
40 CFR 761.79(b)(i)(B)).  If spill residues or materials contaminated by PCB spills cannot be 
feasibly removed, an application to EPA for a risk-based approval to dispose of the PCBs in a 
marine environment for purposes of creating an artificial reef is required pursuant to 40 CFR 
761.61(c). (EPA’s decision includes consideration of a risk assessment submitted by the 
applicant, and a public participation process.  Please consult the responsible EPA office for more 
information (see footnote # 3).)



 
3 Any vessel owner and/or sponsor should carefully consider the amount of time, resources and financial 
commitments necessary to address the identification, removal, and disposal of  non-liquid PCB-containing materials 
and materials contaminated by spills of liquids containing PCBs before finally deciding if a vessel is suitable for 
reefing, and well in advance of commencing clean-up.  EPA strongly recommends vessel owners and/or sponsors to 
begin discussions as soon as possible with the PCB coordinator for the EPA Region in which the vessel is proposed 
to be sunk.  A list of EPA’s current PCB coordinators may be found at www.epa.gov/pcb/coordin.html. 
 
4 For PCB spills that occurred between April 18, 1978, and July 1, 1979, and where the original source was ≥ 500 
ppm PCBs, remove all materials containing any concentration of PCBs.  For PCB spills that occurred after July 1, 
1979, and where the original source was ≥ 50 ppm PCBs, remove all materials containing any concentration of 
PCBs.  Remove all materials currently containing ≥ 50 ppm PCBs as a result of spills (of any concentration) that 
occurred prior to April 18, 1978.  Consult the PCB regulations at 40 CFR 761.3, 761.50(b)(3) and 761.61.  





http://www.epa.gov/pcb/coordin.html








 



 



PAINT  
 



Narrative Clean-up Goal:  Remove harmful exterior hull anti-fouling systems that are 
determined to be active; remove exfoliating (peeling) and exfoliated paint. 



  
 
What types of paint and anti-fouling systems are used on ships, and where are they 
found? 



 
Paint and preservative coatings can be found on both interior and exterior surfaces of a ship.  
Particularly on older ships, paint may be flammable or may contain toxic compounds, such as 
polychlorinated biphenyls (PCBs), heavy metals (e.g., lead, barium, cadmium, chromium, and 
zinc), and biocides.  Lead compounds, such as red lead tetraoxide (Pb3O4) and lead chromate, 
have been used extensively in marine paint.  Other paints containing biocides, such as organotin 
(including compounds such as tributyl tin), have been used on the hulls of ships to prevent the 
buildup of marine organisms (e.g., bacteria, protozoa, barnacles, and algae).  
 
Paints 
Paint above the water line (topside paint) is not designed to leach because these paints are 
designed to protect topside surfaces from physical degradation and do not typically contain 
antifoulant biocides like that of anti-fouling coatings.  However, these paints may contain added 
biocides. 
 
Anti-fouling System 
For most types of candidate vessels for reefing, the paint-related contaminants of concern are 
limited to exterior hull coatings below the water line.  These hull coatings consist primarily of 
anti-fouling (AF) agents (biocides) such as copper, organotin compounds, and zinc. 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
  



           



Exfoliating ceiling paint on the ex-USS Oriskany



 
 
 
 



Photo courtesy of Laura S. Johnson 
 before being cleaned.  
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What are the potential environmental impacts of paints? 
 
Scientific investigations by governments and international organizations have shown that certain 
anti-fouling systems (AFS) used on vessels pose a substantial risk of both acute and chronic 
toxicity and other adverse impacts to ecologically and economically important non-target marine 
organisms.  Because this document addresses vessels that would be sunk for the creation of 
artificial reef habitat, the presence of biocides and other anti-fouling systems that inhibit marine 
growth are antithetical to this purpose.  Furthermore, because anti-fouling systems can be 
reactivated via physical disturbance and/or biological degradation (e.g., scouring during a storm 
event or burrowing caused by marine organisms) over time, anti-fouling systems that retain 
potency may become harmful or be reactivated following the sinking.  (See Appendix C) 



 
 



 How should the vessel be prepared; what are the appropriate BMPs for paints?  
 
Anti-fouling Underwater Hull Coatings 
If there is minimal active biocide remaining on the vessel, no preparation to the underwater hull 
area is necessary.  It can be assumed that biocide activity is minimal if the anti-fouling coating 
on a candidate vessel is more than twelve years old and essentially all the underwater hull area is 
covered with marine growth.   
 
When assessing the efficacy of the anti-fouling system, existing documentation relating to the 
anti-fouling properties of the hull coating could provide supporting information when 
determining if such coatings should be removed.  Sources of such supporting information 
include, but are not limited to, any documentation related to the following: the type and age of 
the existing AFS, the most recent repainting or dry-dock cycle, and the most recent underwater 
hull cleaning.  When necessary, such information may be supplemented by a physical, 
underwater hull examination by trained divers or remote operating vehicles.  Repair and 
maintenance records for the vessel should provide the dates when the vessel was last removed 
from the water for hull maintenance.   
 
If anti-fouling coatings on candidate vessels are at least twelve years old and essentially all the 
underwater hull area is covered with marine growth, the AF coatings can be left in place without 
further evaluation, as they are no longer likely to be harmful.  If satisfactory evidence relating to 
underwater hull coating types and coating application dates is not available, and if the AF 
coating seems to be inhibiting fouling growth according to established AF paint efficacy, further 
evaluations should be carried out to ascertain the current anti-fouling properties of the coating. 
If it is determined that the AFS is active, the system should be removed to prevent the release of 
the AFS’s harmful biocides. 
 
Interior and Exterior, Above the Waterline Paints 
In some cases, interior and exterior paints onboard vessels may contribute to debris/floatable 
materials or contain other contaminants of concern.  Interior paint and paint above the waterline 
should be evaluated according to the guidance presented under the “PCB” and 
“Solids/Debris/Floatables” sections when appropriate.  If paint is found to contain PCBs, then 
the protocols found in the “PCB” section of this document should be followed.   
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Removal of intact paints generally is not necessary.  Topside paint may contain other 
constituents, such as trace metals or biocides.  Unlike underwater hull paint containing high 
concentrations of biocides designed to leach rapidly, topside paints are designed for long life.  
They also may contain significantly lower levels of these substances than hull coatings.   
However, exfoliating paint (paint that is blistering, peeling, and pitting) and exfoliated paint 
(paint chips and flakes) should be removed.   
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SOLIDS/DEBRIS/FLOATABLES  
 



Narrative Clean-up Goal:  Remove loose debris, including materials or equipment not 
permanently attached to the vessel, which could be transported into the water column 
during a sinking event.   
 
 



 What are solids/debris/floatables? 
 
Solids, debris, and floatables are loose materials that could break free from the vessel during 
transportation and placement as an artificial reef, thereby adversely affecting the ecological or 
aesthetic value of the marine 
environment or posing a risk to 
humans or animals.  These materials 
can consist of vessel debris and 
clean-up debris.  Vessel debris refers 
to material that was once part of the 
vessel or was generated during vessel 
clean-up operations and has been 
removed or disconnected from its 
original location on the vessel.  
Clean-up related debris is material 
that was not a part of the vessel, but 
rather was brought on the vessel 
during preparation operations. 
 



 
What are the potential 
environmental impacts  
of solids, debris, and 
floatables? 



 
Marine debris consists of solid 
materials of human origin discarded 
at sea.  Floatable material/debris is 
any unsecured foreign matter that 
floats, remains suspended in the 
water column, or washes up on  
shore.  Floatable materials can  Photo courtesy of Laura S. Johnson



Solids, debris, floatables, and exfoliating paint on a vessel of 
the MARAD James River Reserve Fleet.   



travel long distances in the ocean  
and be deposited far from their  
source.  The degradability of  
floatable materials and marine debris  
influences the persistence of these items in the marine environment.  Most marine debris does 
not biodegrade readily.  The longer that introduced materials remain in the marine environment, 
the greater the threat they pose to the environment.   
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Some potential impacts of solids/debris/floatables to the marine environment include: 
 



• Marine life is endangered by entanglement, ingestion, or both; injury, infection, and death 
may often occur when marine animals encounter debris of this nature.  For example, 
floating debris may act as an attractant for marine animals that would try to use it as 
shelter or a food source, thereby potentially causing injury or death and altering behavior 
and/or distribution of indigenous species; 



 
• Alteration of the ecosystem and its processes may occur throughout the water column as 



a result of debris introduced into the marine environment.  Debris settling on the bottom 
may change benthic floral and faunal habitat structure, potentially causing a direct 
deleterious impact on members of the benthic community (i.e., injury or mortality) or 
indirect impact to other species linked in the benthic food web; 



 
• Recurring clean-up for coastal communities impacted by the debris -- which could be 



costly; and 
 



• Increasing the risk of spills and other environmental impacts resulting from potential 
danger to navigation (e.g., hull damage, damage to propellers, and damage to cooling and 
propulsion systems). 



 
 
 Where are solids/debris/floatables found on ships? 
 
Solids, debris, and floatables can be found anywhere within the vessel as well as on the decks.   
 
 



How should the vessel be prepared; what are the appropriate BMPs for 
solids/debris/floatables?  



 
Vessel Debris 
All material or equipment that is not an integral part of a permanently attached appurtenance and 
that could become separated from the vessel during sinking should be removed from the ship 
prior to sinking.  Ship’s surfaces (e.g., decks, bulkheads, overheads, and surfaces of 
appurtenances) should be thoroughly cleaned to remove all dirt, loose scale, trash, exfoliating 
paint, paint chips, hazardous materials, and other foreign matter (including netting material).  
Deck drains should be proven clear of debris.  Consideration should also be given to the removal 
of items that could become a floatable over time (e.g., floatable fiberglass insulation, floatable 
foam). 
 
When assessing vessel debris removal, consideration should be given to the following: 
 



• no vessel debris contaminated with hydrocarbons or hazardous material should 
remain in the vessel; 



 
• vessel debris that is heavy and/or bulky fitted equipment, and was disconnected or 



otherwise detached from the structure of the vessel for cleaning or inspection can 
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remain in its original compartment subject to issues of diver safety.  Otherwise, 
vessel debris should be contained in a sealed compartment or structural tank that 
is below the waterline of the ship and underneath the largest section of the 
superstructure; 



 
• vessel debris should not be placed in a compartment or structural tank that will be 



sealed until both the compartment and the debris have been inspected; and 
 
• vessel debris remaining on the vessel should always be negatively buoyant. 
 



Any vessel debris determined to be acceptable to remain on the vessel for sinking should be  
cleaned as understood in the context of this guidance. 
 
Clean-up Related Debris 
Clean-up debris that was introduced to the vessel solely for cleaning purposes and final 
preparation of the vessel should always be removed.  This would include items such as tools, 
generators, warning tape, and temporary wooden covers.   
 
Introduced Debris 
Foreign material should not be placed on the vessel solely for disposal.  However, material 
needed for the reefing operation (e.g., clean concrete or rock for ballast) or of a commemorative 
nature (e.g., plaques and markers) is not considered debris for the purposes this document. 
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OTHER MATERIALS OF ENVIRONMENTAL CONCERN 
 



Narrative Clean-up Goal:  Remove other materials that may negatively impact the 
biological, physical, or chemical characteristics of the marine environment. 



 
 
 What are other materials of environmental concern?   
 
Refer to the list provided below. 



 
 
What are the potential environmental impacts of other materials of environmental 
concern? 



 
When placed in the marine environment, materials of environmental concern can have adverse 
effects on fish, wildlife, shellfish, recreation, or municipal water supplies.  Adverse effects on the 
environment include any of the impacts mentioned in the preceding sections of the document.  
The magnitude of the impact of these materials on the marine environment will be related to the 
nature of the material, the level of toxicity, and the ecological resources that could come in 
contact with “other material of environmental concern.” 
 
  
 Where are other materials of environmental concern found on ships? 
 
Other materials of environmental concern can be found anywhere within the vessel as well as on 
the decks.   
 
 



How should the vessel be prepared; what are the appropriate BMPs for other materials 
of environmental concern? 



 
Shipboard equipment or materials with constituents that can leach into the water column (e.g., 
petroleum products, batteries, and/or mercury-containing switches) should be removed from the 
vessel prior to sinking.  Fluorescent light tubes and ballasts should be removed.  Waste water 
resulting from clean-up processes, including but not limited to, decontamination, contaminated 
rain water, and water from rinsing of tanks and lines, should be properly collected and disposed. 
 
Antifreeze and Coolants 
Antifreeze and coolant mediums, other than untreated sea water, should be drained and removed 
from the vessel, and the equipment should be flushed.   
 
Batteries 
All batteries should be removed from the vessel.  This includes batteries that are part of fitted 
equipment. 
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Fire Extinguishing Systems 
Fire extinguishing systems should be fully decommissioned.  Except for fire-fighting systems 
that employ untreated seawater or fresh water, all fire-fighting compounds should be removed 
from the ship.  Storage containers, if left in situ, should be cleaned, flushed, and re-closed for 
transit.  Any lines that have been charged with any fire-fighting product other than untreated 
seawater or fresh water should be treated in the same manner as fuel lines and oil piping. 
 
Refrigerants and Halons 
All refrigerants and halons should be removed from the vessel.   
 
Mercury 
Ship system components using mercury (e.g., some gyroscopes, vacuum measurement gauges, 
some laboratory equipment, some light switches, some older radar displays) should be removed 
from the vessel.  All portable thermometers and other measuring equipment employing mercury 
should be removed intact from the vessel.  Any other extant mercury or items containing 
mercury should be removed from the vessel.  Even minute quantities of mercury may be of 
concern and should be removed.  Note that there is a health hazard associated with airborne 
mercury. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Photo courtesy of Laura Casey



Mercury removed from smoke detector onboard the ex-USS Oriskany.    
 
 
Lead 
Lead ballast bars, shielding and fittings should be removed from the vessel if the reef site is 
located in fresh or brackish water.  
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Black and Gray Water 
Remove black water (sewerage) and gray water (waste water from sinks, showers, galleys, 
dishwashers) from the vessel; flush the lines.   
 
Radioactive Materials 
Ex-warships, research vessels, and a few other types of vessels may have used equipment 
containing low-level radioactive material.  Residual radioactivity and any source of non-naturally 
occurring radioactive materials such as luminescent devices should be removed (except where it 
may safely be left on the ship in accordance with the references below).  The Navy is more 
familiar with addressing this material generally aboard vessels, and as such, the Navy has 
guidance and established procedures regarding the removal and disposal of radioactive materials.  
For this reason, it is recommended that the procedures for removal and disposal of radioactive 
materials follow that provided in DLA INST 4145.8, "Material Management for Radioactive 
Items in the DoD" and implementing instructions.  Another reference that may be useful is the 
American National Standard Institute’s standard N13.12-1999, “Surface and Volumetric 
Radioactivity Standards for Clearance.”  This document contains tables of surface contamination 
criteria developed to allow users of radioactive material to demonstrate that the material or 
equipment can be safely released with no further regulatory control. 
 
Invasive Species 
Assess the presence of invasive species that could be transported to and survive at the artificial 
reef location on the hull of the ship or from other locations on or in the vessel such as ballast and 
bilge tanks.  If a viable invasive species is found that may be expected to survive at the artificial 
reef site, that species should be removed or eliminated; the vessel should be clean of all such 
living organisms. 











 



 



 
 
 



 
 



 
 



Considerations for Other In-water Uses of Obsolete Vessels 
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Photo courtesy of Florida Fish and Wildlife Conservation Commission
Diver exploring the ex-USS Spiegel Grove artificial reef. 
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DIVING OPPORTUNITIES 
 
The narrative goals set out under the section “Guidance for Preparing Vessels to Create Artificial 
Reef Habitat” also should be achieved while preparing a vessel for diver opportunities.  For 
example, if preparation for diver use calls for the removal of wall paneling that will in turn 
expose any materials of concern that were identified in the aforementioned section, the 
respective narrative goals should be addressed (e.g., if asbestos is exposed once the panel is 
removed, the objectives of the asbestos narrative goal should be met). 
 
Additional vessel preparation to support the in-water use of recreational diving may include: 
 



• Removal of sharp and protruding objects along the divers' access path which could snag 
on divers' equipment or otherwise pose a danger to the divers. 



 
• Removal of doors and access hatches and widening of openings to allow safe access for 



divers.  
 



• Widening of corridors by removal of some wall paneling and provision of large openings 
in the exterior of the ship to allow light to penetrate and help ensure safe diver access.  



 
• Sealing entrances into restrictive compartments such as the boiler rooms and engine 



rooms to help ensure diver safety.  
 
When preparing the vessel for diver opportunities, careful consideration also should be given to 
vessel stability (for transport and sinking operations) as well as vessel integrity (for the life of the 
vessel once placed at the reef site).     
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Appendix A 
 



Federal Statutes Related to the Transfer of Obsolete MARAD and Navy  
Vessels for Use as Artificial Reefs 



 
 



National Defense Authorization Act for Fiscal Year 2004 
The National Defense Authorization Act for Fiscal Year 2004 (PL 108-136) included two 
provisions relating to the use of vessels as artificial reefs.  One such provision, § 3516 (PL 108-
136, Div. C, Title XXXV, § 3516, Nov. 24, 2003, 117 Stat. 1795), amended the Bob Stump 
National Defense Authorization Act for Fiscal Year 2003 (PL 107-314, Div. C, Title XXXV, § 
3504(b), Dec. 2, 2002, 116 Stat. 2754; 16 U.S.C. 1220 note) to read in pertinent part as follows:  
 



 
        Title XXXV – Maritime Administration 
                       Subtitle A – Maritime Administration Reauthorization 
                       Section 3516.  AUTHORITY TO CONVEY OBSOLETE VESSELS  
                       TO UNITED STATES, TERRITORIES, AND FOREIGN  
                        COUNTRIES FOR REEFING 
       
      (b) Environmental Best Management Practices for Preparing Vessels for Use 
as Artificial Reefs.— 
 
 (1) Not later than March 31, 2004, the Secretary of Transportation, acting 
through the Maritime Administration, and the Administrator of the Environmental  
Protection Agency shall jointly develop guidance recommending environmental best 
management practices to be used in the preparation of vessels for use as artificial 
reefs. 
     (2) The guidance recommending environmental best management practices 
under paragraph (1) shall be developed in consultation with the heads of other federal 
agencies, and State agencies, having an interest in the use of vessels as artificial reefs. 
  
 (3) The environmental best management practices under paragraph (1)  
shall -- 



 (A) include recommended practices for the preparation of vessels for use as 
artificial reefs to ensure that vessels so prepared will be environmentally sound 
in their use as artificial reefs; 



 (B) promote consistent use of such practices nationwide; 
 (C) provide a basis for estimating the costs associated with the preparation of 
vessels for use as artificial reefs; and 
 (D) include mechanisms to enhance the utility of the Artificial Reefing 
Program of the Maritime Administration as an option for the disposal of 
obsolete vessels. 



     (4) The environmental best management practices developed under 
paragraph (1) shall serve as national guidance for federal agencies for the preparation 
of vessels for use as artificial reefs. 
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                (5) Not later than March 31, 2004, the Secretary of Transportation, acting 
through the Maritime Administration, and the Administrator of the Environmental 
Protection Agency shall jointly establish an application process for governments of 
States, commonwealths, and United States territories and possessions, and foreign 
governments, for the preparation of vessels for use as artificial reefs, including 
documentation and certification requirements for that application process.   



        (6) The Secretary of Transportation shall submit to Congress a report on the 
environmental best management practices developed under paragraph (1) through the 
existing ship disposal reporting requirements in section 3502 of Floyd D. Spence 
National Defense Authorization Act for Fiscal Year 2001 (as enacted into law by 
Public Law 106-398; 1654A-492) [Pub.L. 106-398, Div. C, Title XXXV, § 3502, Oct. 
30, 2000, 114 Stat. 1654A-492, which is not classified to the Code].  The report shall 
describe such practices, and may include such other matters as the Secretary considers 
appropriate.   
 



 
The second such provision, § 1013 (PL 108-136, Div. A, Title X, § 1013, Nov. 24, 2003, 117 
Stat. 1590), amended Title 10 of the United States Code by adding § 7306b.  New § 7306b(a) 
authorizes the Secretary of the Navy to transfer vessels stricken from the Naval Vessel Register 
for use as an artificial reef.  New § 7306b(c) requires the Secretary of the Navy to ensure that the 
preparation of a vessel transferred pursuant to 10 U.S.C. § 7306b(a) for use as an artificial reef is 
conducted in accordance with the environmental best management practices developed pursuant 
to 16 U.S.C. § 1220 note and applicable environmental laws.  The complete text of Section 1013 
of the National Defense Authorization Act for Fiscal Year 2004 is as follows:     
 



 
        Title X – General Provisions 
                       Subtitle B – Naval Vessels and Shipyards 
                       Section 1013. TRANSFER OF VESELS STRICKEN FROM THE  
                       NAVAL VESSEL REGISTER FOR USE AS ARTIFICIAL REEFS. 
        
(a) AUTHORITY TO MAKE TRANSFER- Chapter 633 of title 10, United States 
Code, is amended by inserting after section 7306a the following new section: 
`Sec. 7306b. Vessels stricken from Naval Vessel Register: transfer by gift or 
otherwise for use as artificial reefs 



`(a) AUTHORITY TO MAKE TRANSFER- The Secretary of the Navy may 
transfer, by gift or otherwise, any vessel stricken from the Naval Vessel Register 
to any State, Commonwealth, or possession of the United States, or any municipal 
corporation or political subdivision thereof, for use as provided in subsection (b). 
 
`(b) VESSEL TO BE USED AS ARTIFICIAL REEF- An agreement for the 
transfer of a vessel under subsection (a) shall require that-- 



`(1) the recipient use, site, construct, monitor, and manage the vessel only 
as an artificial reef in accordance with the requirements of the National 
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Fishing Enhancement Act of 1984 (33 U.S.C. 2101 et seq.), except that the 
recipient may use the artificial reef to enhance diving opportunities if that 
use does not have an adverse effect on fishery resources (as that term is 
defined in section 2(14) of the Magnuson-Stevens Fishery Conservation 
and Management Act (16 U.S.C. 1802(14)); and 
`(2) the recipient obtain, and bear all responsibility for complying with, 
applicable federal, State, interstate, and local permits for using, siting, 
constructing, monitoring, and managing the vessel as an artificial reef. 
 



`(c) PREPARATION OF VESSEL FOR USE AS ARTIFICIAL REEF- The 
Secretary shall ensure that the preparation of a vessel transferred under subsection 
(a) for use as an artificial reef is conducted in accordance with-- 



`(1) the environmental best management practices developed pursuant to 
section 3504(b) of the Bob Stump National Defense Authorization Act for 
Fiscal Year 2003 (Public Law 107-314; 16 U.S.C. 1220 note); and 
`(2) any applicable environmental laws. 



 
`(d) COST SHARING- The Secretary may share with the recipient of a vessel 
transferred under subsection (a) any costs associated with transferring the vessel  
under that subsection, including costs of the preparation of the vessel under 
subsection (c). 
 
`(e) NO LIMITATION ON NUMBER OF VESSELS TRANSFERABLE TO 
PARTICULAR RECIPIENT- A State, Commonwealth, or possession of the 
United States, or any municipal corporation or political subdivision thereof, may 
be the recipient of more than one vessel transferred under subsection (a). 
 
`(f) ADDITIONAL TERMS AND CONDITIONS- The Secretary may require 
such additional terms and conditions in connection with a transfer authorized by 
subsection (a) as the Secretary considers appropriate. 
 
`(g) CONSTRUCTION- Nothing in this section shall be construed to establish a 
preference for the use as artificial reefs of vessels stricken from the Naval Vessel 
Register in lieu of other authorized uses of such vessels, including the domestic 
scrapping of such vessels, or other disposals of such vessels, under this chapter or 
other applicable authority.'. 
 



(b) CLERICAL AMENDMENT- The table of sections at the beginning of such 
chapter is amended by inserting after the item relating to section 7306a the following 
new item: 
        `7306b. Vessels stricken from Naval Vessel Register: transfer by gift or  
         otherwise for use as artificial reefs.'. 
 











 



 54



Transfer of Obsolete Vessels by the Department of Transportation 
Public Law 92-402 (16 U.S.C. 1220, et. seq.) authorizes the U.S. Maritime Administration 
(MARAD), under the Department of Transportation, to transfer obsolete ships to any state for 
use as an artificial reef.  In addition, MARAD’s authority was amended by Public Law 107-314 
section 3504, as amended by Public Law 108-136, to allow MARAD to provide financial 
assistance to states for environmental preparation, towing, and/or sinking and also allows 
MARAD to transfer obsolete vessels to U.S. territories and foreign countries for use as artificial 
reefs. 
 



 
            Title XXVI – Conservation  
                                    Chapter 25B – Reefs for Marine Life Conservation 
       
§ 1220. State applications for obsolete ships for use as offshore reefs 
 
(a) Conservation of marine life 
 
Any State may apply to the Secretary of Transportation (hereafter referred to in this 
chapter as the "Secretary") for obsolete ships which, but for the operation of this 
chapter, would be designated by the Secretary for scrapping if the State intends to sink 
such ships for use as an offshore artificial reef for the conservation of marine life. 
 
(b) Manner and form of applications; minimum requirements 
 
A State shall apply for obsolete ships under this chapter in such manner and form as 
the Secretary shall prescribe, but such application shall include at least (1) the location 
at which the State proposes to sink the ships, (2) a certificate from the Administrator, 
Environmental Protection Agency, that the proposed use of the particular vessel or 
vessels requested by the State will be compatible with water quality standards and 
other appropriate environmental protection requirements, and (3) statements and 
estimates with respect to the conservation goals which are sought to be achieved by 
use of the ships. 
 
(c) Copies to federal officers for official comments and views 
 
Before taking any action with respect to an application submitted under this chapter, 
the Secretary shall provide copies of the application to the Secretary of the Interior, 
the Secretary of Defense, and any other appropriate federal officer, and shall consider 
comments and views of such officers with respect to the application. 
 
§ 1220a. Transfer of title; terms and conditions 
 
If, after consideration of such comments and views as are received pursuant to section 
1220(c) of this title, the Secretary finds that the use of obsolete ships proposed by a 
State will not violate any federal law, contribute to degradation of the marine 
environment, create undue interference with commercial fishing or navigation, and is 
not frivolous, he may transfer without consideration to the State all right, title, and 
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interest of the United States in and to any obsolete ships which are available for 
transfer under this chapter if-- 
(1) the State gives to the Secretary such assurances as he deems necessary that such 
ships will be utilized and maintained only for the purposes stated in the application 
and, when sunk, will be charted and marked as a hazard to navigation; 
(2) the State agrees to secure any licenses or permits which may be required under the 
provisions of any other applicable federal law; 
(3) the State agrees to such other terms and conditions as the Secretary shall require in 
order to protect the marine environment and other interests of the United States; and 
(4) the transfer would be at no cost to the Government (except for any financial 
assistance provided under section 1220(c)(1) of this title) with the State taking 
delivery of such obsolete ships and titles in an "as-is-- where-is" condition at such 
place and time designated as may be determined by the Secretary of Transportation. 
 
§ 1220b. Obsolete ships available; number; equitable administration 
 
A State may apply for more than one obsolete ship under this chapter. The Secretary 
shall, however, taking into account the number of obsolete ships which may be or 
become available for transfer under this chapter, administer this chapter in an 
equitable manner with respect to the various States. 
 
§ 1220c. Denial of applications; finality of decision 
 
A decision by the Secretary denying any application for a obsolete ship under this 
chapter is final. 
 
§ 1220c-1. Financial assistance to State to prepare transferred ship 
 
(a) Assistance authorized 
 
The Secretary, subject to the availability of appropriations, may provide, to any State 
to which an obsolete ship is transferred under this chapter, financial assistance to 
prepare the ship for use as an artificial reef, including for-- 
(1) environmental remediation; 
(2) towing; and 
(3) sinking. 
 
(b) Amount of assistance 
 
The Secretary shall determine the amount of assistance under this section with respect 
to an obsolete ship based on— 
(1) the total amount available for providing assistance under this section; 
(2) the benefit achieved by providing assistance for that ship; and 
(3) the cost effectiveness of disposing of the ship by transfer under this chapter and 
provision of assistance under this section, compared to other disposal options for that 
ship. 
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(c) Terms and conditions 
 
The Secretary-- 
(1) shall require a State seeking assistance under this section to provide cost data and 
other information determined by the Secretary to be necessary to justify and document 
the assistance; and 
(2) may require a State receiving such assistance to comply with terms and conditions 
necessary to protect the environment and the interests of the United States. 
 
§ 1220d. "Obsolete ship" defined 
 
For purposes of sections 1220, 1220a, 1220b, and 1220c of this title, the term 
"obsolete ship" means any vessel owned by the Department of Transportation that has 
been determined to be of insufficient value for commercial or national defense 
purposes to warrant its maintenance and preservation in the national defense reserve 
fleet and has been designated as an artificial reef candidate. 
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Appendix B 
 



Federal Environmental Laws Relevant for Consideration in the Preparation  
of a Vessel for Use as an Artificial Reef 



 
This Appendix identifies selected federal statutes relevant for consideration in preparation of a 
vessel for use as an artificial reef.  For these statutes, the Appendix explains their potential 
relevance and briefly summarizes the relevant provisions. The first set of statutes briefly 
summarized are environmental laws administered by EPA which may be relevant to the removal 
of material from vessels or the disposal of such removed material.  In addition, although this 
document focuses on environmental best management practices for vessel preparation, for the 
reader’s convenience the Appendix also briefly summarizes federal statutes establishing permit 
requirements for the actual placement of the vessel as an artificial reef.  Finally, the Appendix 
briefly describes a number of other significant federal environmental statutes that may affect 
issuance of such permits or the actual conduct of placement activities.   
 
The information in this Appendix is intended only for the convenience of the reader in order to 
provide a useful starting point for identifying the principal environmental statutes of interest.  
The Appendix is not intended to be an exhaustive list of every conceivably relevant statute, nor 
do the brief summaries in this list alter or replace any requirements, regulations, or applicable 
guidance under those statutes that are summarized.  Readers also should be aware that in 2000, 
EPA published tips for regulatory compliance for ship scrapping, and that document contains 
additional guidance that may be useful in preparation of a vessel for use as an artificial reef.  See 
www.epa.gov/oecaerth/resources/publications/civil/federal/shipscrapguide.pdf. 
 
State and local laws also may apply to vessel preparation or placement for use as an artificial 
reef, and interested readers should consult with appropriate State and local authorities to identify 
such further requirements. 
 
EPA-Administered Federal Environmental Laws Relevant to Vessel Preparation 
 



C The Clean Air Act (CAA), 42 U.S.C. '' 7401, et seq., generally addresses the emission 
of air pollutants.  Among other things, it directs EPA to establish minimum national 
standards for air quality, and assigns primary responsibility to the states to assure 
compliance with the standards through State Implementation Plans (SIPs).  State-specific 
SIPs may impose requirements that are more prescriptive, more stringent, or more 
specific than the minimum national standards.  Among national standards relevant for 
vessel preparation, EPA has established a National Emissions Standards for Hazardous 
Air Pollutants (NESHAP) for asbestos at 40 CFR Part 61 Subpart M.  The asbestos 
NESHAP is intended to minimize the release of asbestos fibers during demolition and 
renovation activities, which would include asbestos removal when preparing a vessel for 
use as an artificial reef.  EPA has delegated authority to inspect and enforce the asbestos 
NESHAP to most states, which, as noted, may have requirements that are more stringent 
than federal requirements.  Other NESHAPs also may be relevant to removal of other 
materials on vessels, and may be found at 40 CFR Parts 61 and 63.  In addition, Title VI 
of the Act directs EPA to establish requirements for the control of substances that 
contribute to stratospheric ozone depletion, which include substances such as halons used 





http://www.epa.gov/oecaerth/resources/publications/civil/federal/shipscrapguide.pdf
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in fire suppression systems and certain refrigerants, that the best management practices in 
this guidance recommend be removed from a vessel in preparation for its use as an 
artificial reef.  The recovered ozone-depleting refrigerants and halons should be delivered 
to an EPA-approved refrigerant and/or halon reclaimer for proper handling.  Regulations 
addressing recycling and reuse of such removed refrigerants and halons, including 
chlorofluorocarbons and hydrofluorocarbons (sometimes referred to under the trade name 
Freon), appear at 40 CFR Part 82.    



 
C The Clean Water Act (CWA), 33 U.S.C. '' 1251, et seq., generally regulates the addition 



of pollutants from a point source to waters of the United States.  The definition of point 
source includes a “vessel or other floating craft.”  CWA requirements are implemented, 
among other things, through permits under either section 402 (the National Pollutant 
Discharge Elimination System (NPDES) permitting program) or section 404 (the 
permitting program for dredged and fill material).  Pollutants generated in the preparation 
of a vessel for use as an artificial reef that are discharged to waters of the U.S., including 
via contaminated storm water, require NPDES permit authorization.  The NPDES 
permitting program is primarily administered by states, with EPA oversight.  In addition 
to the CWA’s NPDES permitting program, section 311 establishes a program for the 
prevention and abatement of, and remedial response to, oil and hazardous substance 
spills.  See 40 CFR Parts 110, 112, 116, and 117.  Section 311 imposes requirements for 
reporting the release of oil and hazardous substances, which might be relevant to the 
preparation of a vessel for use as an artificial reef should preparation result in such a 
release.  Section 311 is jointly administered by EPA and the U.S. Coast Guard, depending 
on the location of the source.  (For discussion of CWA section 404 permitting and the 
placement of vessels as artificial reefs, refer to the section of this Appendix describing 
federal laws that establish permitting requirements for placement of artificial reefs).     



 
C The Comprehensive Environmental Response, Compensation, and Liability Act 



(CERCLA), 42 U.S.C. §§ 9601, et seq., better known as the "Superfund Act," addresses 
cleanup of hazardous substances.  CERCLA and its implementation documents empower 
EPA and other agencies to identify and prioritize sites for cleanup, and to order or carry 
out environmental remediation.  Subject to limited defenses, CERCLA imposes strict 
liability for environmental cleanup on persons connected to facilities from which there 
are releases into the environment.  CERCLA also mandates reporting to the National 
Response Center of hazardous substance releases.  In conjunction with CWA section 311, 
CERCLA provides for federal preparation of the National Contingency Plan for 
responding to a hazardous substances release.  As noted regarding CWA section 311, 
CERCLA is relevant to the preparation of a vessel for use as an artificial reef in its 
release reporting requirements, particularly for oil and hazardous substances.  CERCLA 
is administered by federal agencies, not states. 



 
C The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), 7 U.S.C. §§ 136, et 



seq., generally regulates the registration, labeling, distribution, sale, and use of pesticides.  
EPA regulates anti-foulant paints, including those containing organotins, copper, and 
other pesticidal compounds under FIFRA.  EPA has relied on FIFRA and the Organotin 
Anti-fouling Paint Control Act of 1988 (33 U.S.C. §§ 2401, et seq.) for authority to 
impose requirements, such as certification and training for applicators and label 
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requirements dealing with tributyl tin (TBT) application and disposal.  TBT anti-fouling 
paint label requirements include provisions directing that all paint chips, spent abrasives, 
and any other waste products from paint removal be disposed of in a sanitary landfill.  53 
Fed. Reg. 39022, 39038, col. 3 (October 4, 1988).  In addition, use of any pesticide in the 
preparation of a vessel for use as an artificial reef must comply with label requirements.  
For the most part, FIFRA is administered by EPA, though some states have primary 
enforcement responsibility for FIFRA use violations.  



 
C The Marine Protection, Research and Sanctuaries Act (MPRSA), 33 U.S.C. §§ 1401, et 



seq., prohibits, unless authorized by an MPRSA permit, (1) transportation of material 
from the United States for the purpose of ocean dumping; (2) transportation of material 
from anywhere for the purpose of ocean dumping by federal agencies or U.S. flagged 
vessels; and (3) dumping of material transported from outside the United States into the 
territorial sea of the United States.  If any materials removed from vessels being prepared 
for use as an artificial reef were subsequently proposed for ocean dumping, a permit 
under the MPRSA would be necessary.  Denial of such a permit request, however, would 
be highly likely because land-based alternatives (the consideration of which are required 
for MPRSA permit issuance) typically would be available.  In addition, it would seem 
improbable that such a proposal could satisfy the other applicable environmental criteria 
of the MPRSA and implementing regulations.  The MPRSA is administered by EPA and 
the U.S. Army Corps of Engineers, not states.5 



 
C The Resource Conservation and Recovery Act (RCRA), 42 U.S.C. §§ 6901, controls the 



management of hazardous wastes “from cradle to grave.”  If, in the preparation of a 
vessel for use as an artificial reef, a waste is generated that is specifically listed as 
hazardous or exhibits any hazardous characteristics, e.g. toxicity, and the waste is not 
excluded or exempt from the RCRA Subtitle C regulations, then this waste would be 
considered hazardous waste and subject to all applicable RCRA regulations.  See 40 CFR 
Parts 260 and 261.  Depending upon the volume of hazardous wastes that are generated 
and the length of time the hazardous wastes are accumulated, RCRA regulations provide 
conditional exemptions from some of the regulatory requirements.  In most states, EPA 
has authorized the State to administer some or all of RCRA requirements under state law 
in lieu of federal law and, depending on the state, state law may include requirements that 
are more stringent or prescriptive than federal law.  Hazardous waste and used oil must 
be managed according to RCRA regulations. 



 
C The Toxic Substance Control Act (TSCA), 15 U.S.C. '' 2601, et seq., bans the 



manufacture, processing, use, and distribution in commerce of polychlorinated biphenyls 
(PCBs) and directs EPA to set regulations for the disposal of PCBs.  TSCA requirements 
generally determine the degree of necessary PCB removal from vessels being prepared 
for use as an artificial reef.  Although TSCA imposes requirements for toxic substances 
other than PCBs, TSCA’s PCB requirements are uniquely relevant to preparation of a 



 
5   The MPRSA definition of “dumping” excludes the construction of fixed structures or artificial islands, as well as 
deposits of materials for the purpose of developing or maintaining fisheries resources, when otherwise regulated by 
federal or state law (or occurring pursuant to authorized federal or state programs).  Because the placement of a 
vessel to create an artificial reef in waters subject to jurisdiction of the United States is regulated under other federal 
laws, the actual placement of vessels for use as an artificial reef is not subject to regulation under the MPRSA. 
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vessel for use as an artificial reef because of the likely presence of PCBs on many 
obsolete vessels.  More specific guidance on the applicability of TSCA’s PCB 
requirements to vessels being prepared for use as an artificial reef is provided in the 
section of the environmental best management practices addressing PCBs, and readers 
should refer to that section for further information.  



 
Federal Environmental Laws Establishing Permit Requirements for Placement of Vessels as 
Artificial Reefs 
 



C Section 404 of the CWA, 33 U.S.C. ' 1344, establishes a permitting program for the 
discharge of dredged or fill material to waters of the Unites States.  Placement of a vessel 
in waters of the United States as an artificial reef would constitute a discharge of fill 
material, and therefore would require a CWA section 404 permit.  33 CFR 323.2(e) & (f).  
For CWA purposes, “waters of the United States” include most inland waters as well as 
the waters of the territorial sea, which, under the CWA, is measured from the baseline 
(i.e., the line of ordinary low water along that portion of the coast which is in direct 
contact with the open sea and the line marking the seaward limit of inland waters) in a 
seaward direction a distance of three miles.  Section 404 permitting is primarily 
administered by the U.S. Army Corps of Engineers (Corps), using environmental 
guidelines set out in EPA regulations appearing at 40 CFR Part 230.  Among other 
things, except as provided by 40 CFR 230.5(b) and 230.7(b)(1) (relating to activities 
covered by an applicable general permit), these guidelines require consideration of 
practicable alternatives to the proposed discharge, and in the case of proposed discharges 
to special aquatic sites, presume that all practicable alternatives not involving a discharge 
into a special aquatic site have less adverse impact on the aquatic ecosystem, unless 
clearly demonstrated otherwise.  40 CFR 230.5(c); 230.10(a).  Special aquatic sites are 
identified at 40 CFR Part 230 Subpart E and include, among other things, marine 
sanctuaries and coral reefs.  In addition to evaluation for compliance with these 
guidelines, section 404 permits are also subject to the Corps’ public interest review under 
33 CFR 320.4.  Corps regulations relevant to the CWA section 404 permitting program 
appear at 33 CFR Parts 320, 323, 325, 328, and 331.  Though EPA has authorized two 
States to administer the section 404 permitting program for certain waters in those States, 
these State programs probably would not to be relevant to the placement of a vessel for 
use as an artificial reef because states may not assume section 404 permitting authority 
for discharges of fill material to waters supporting commercial navigation, waters subject 
to the ebb and flow of the tide, or waters of the territorial seas, where a former 
vessel/artificial reef would likely be sited.   



 
C Section 10 of the Rivers and Harbors Act of 1899 (RHA), 33 U.S.C. '' 403, requires a 



permit from the Corps for, among other things, the construction of any structure 
(including artificial reefs) in or over any “navigable water of the United States” as that 
term is defined at 33 CFR Part 329.6  Structures or work outside the limits of “navigable 
waters of the United States” also require a section 10 permit if the structure or work 



 
6 In cases where the waters in which the vessel is being placed for use as an artificial reef are subject to both RHA 
section 10 and CWA section 404 permitting (e.g., the 3 mile territorial sea), Corps practice is to issue a single 
consolidated permit satisfying the requirements of both these statutes. 
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affects the course, location, or condition of the waterbody in such a manner as to impact 
on navigational capacity.  Under section 4(e) of the Outer Continental Shelf Lands Act, 
43 U.S.C. § 1333(e), RHA section 10 permit requirements also apply to the creation of 
structures on the Outer Continental Shelf of the United States, including artificial reefs.  
33 CFR 322.3(b).  Issuance of permits under RHA section 10 involves a public interest 
review by the Corps in accordance with 33 CFR 320.4.  To help safeguard navigational 
and other marine uses, Corps permits for artificial reefs have required that permittees 
notify the National Oceanic & Atmospheric Administration (NOAA) prior to, and upon 
completion of, the reefing activity, including a drawing certifying the location and 
configuration of the completed activity.  33 CFR Part 325, Appendix A, special condition 
B.5.  Corps regulations relevant to the RHA section 10 permitting program appear at 33 
CFR Parts 320, 322, 325, 329, and 331. 



 
Other Significant Federal Environmental Statutes That May Affect Issuance of Permits or 
Licenses for Artificial Reefs or the Conduct of Placement Activities. 



 
C The Liberty Ship Act, 16 U.S.C. '' 1220, et seq., authorizes states to apply to the 



Secretary of the Department of Transportation (DOT) for the use of DOT-owned obsolete 
vessels, including obsolete vessels of the Maritime Administration, as an artificial reef for 
the conservation of marine life.  The Liberty Ship Act requires that the state application 
to DOT include a certification from EPA that the proposed use of the vessel will be 
compatible with “applicable water quality standards and other appropriate environmental 
protection requirements.” 16 U.S.C. ' 1220 (b).  The ability to meet such standards and 
requirements will be affected by what materials are onboard the vessel.   



 
C The National Fishing Enhancement Act of 1984 (NFEA), 33 U.S.C. '' 2101, et seq., 



applies to all artificial reefs in waters of the United States or on the Outer Continental 
Shelf for the purpose of enhancing fishery resources.  Section 204 of NFEA obligates 
NOAA to issue a national artificial reef plan that addresses issues such as siting and 
design criteria.  Additionally, NFEA section 205 establishes further requirements to be 
applied by the Corps in the exercise of its previously described permitting authority for 
placement of artificial reefs under RHA section 10 or CWA section 404.  Such 
requirements are reflected in the previously identified Corps permitting regulations for 
artificial reefs (e.g., 33 CFR 320.3(o), 322.5(b), and 325.1(d)(8)).  



 
C The Coastal Zone Management Act (CZMA), 16 U.S.C.  1451, et seq., establishes a 



federal/state partnership to provide for the comprehensive management of coastal 
resources.  Under CZMA section 307(c)(3), applicants for a required federal license or 
permit to conduct an activity affecting the coastal zone of a state with an approved 
coastal management program need to provide the federal permitting agency and the 
relevant state with a certification that the proposed activity complies with the enforceable 
policies of the state’s approved program and will be conducted in a manner that is 
consistent with the program.  Under CZMA section 307(c)(1), a federal agency activity 
that affects the coastal zone must be carried out in a manner which is consistent to the 
maximum extent practicable with the enforceable policies of an approved coastal 
management program.  Relevant implementing regulations established by NOAA (which 
is responsible for federal administration of the CZMA) appear at 15 CFR Part 930, 
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Subpart C (consistency for federal agency activities) and Subpart D (consistency for 
activities requiring a federal license or permit).  NOAA's CZMA regulations were 
recently amended.  71 Fed. Reg. 788 (Jan. 5, 2006).  The regulations provide that in the 
case of federal agency applications for federal licenses or permits, as well certain general 
permits proposed by a federal agency, review will be conducted under the Subpart C 
regulations.  See 15 CFR 930.31(d) & 930.52.  Corps regulations implementing the 
CZMA for its RHA section 10 and CWA section 404 permit programs appear at 33 CFR 
320.3(b), 320.4(h), and 325.2(b)(2). 



 
C The National Environmental Policy Act of 1969 (NEPA), 42 U.S.C. §§ 4321, et seq., 



requires that federal agencies include in their decision-making processes appropriate and 
careful consideration of the environmental effects of, and alternatives to, their actions. 
NEPA section 102(2)(C) includes a requirement for preparation of an environmental 
impact statements (EIS) for “major federal actions significantly affecting the quality of 
the human environment.”  For proposed federal actions where the environmental effects 
are unclear, the agency often prepares an environmental assessment, which is a brief and 
concise document containing sufficient evidence and analysis for the agency to determine 
whether to prepare an EIS or to issue a finding of no significant impact.  40 CFR 
1501.4(b), 1508.9(a)(1), 1508.13.  Council on Environmental Quality regulations 
implementing NEPA appear at 40 CFR Parts 1500 – 1518.  Corps regulations 
implementing NEPA for its RHA section 10 and CWA section 404 permit programs 
appear at 33 CFR 320.3(d) and Part 325, Appendix B.  



 
C Under Clean Air Act section 309, 42 U.S.C. § 7609, EPA reviews and comments on the 



environmental impacts of several types of actions of other federal agencies, including all 
actions subject to the requirement under the National Environmental Policy Act to 
prepare an Environmental Impact Statement.  EPA comments in writing and make those 
comments available to the public.  If EPA determines that the action is unsatisfactory 
from the standpoint of public health or welfare or environmental quality, EPA refers the 
matter to the Council on Environmental Quality. 



 
C The Endangered Species Act (ESA), 16 U.S.C. §§ 1531, et seq., addresses the 



conservation of federally-listed threatened and endangered species and the ecosystems on 
which those species depend.  ESA section 7 requires that federal agencies, in consultation 
with the National Marine Fisheries Service and/or the U.S. Fish and Wildlife Service7, 
ensure that any action authorized, funded, or carried out by the agency (including 
issuance of federal permits) is not likely to jeopardize the continued existence of listed 
species or result in the adverse modification of their designated critical habitat.  
Whenever such an agency action may affect a listed species or critical habitat, the 
interagency consultation requirement is triggered, and the ESA section 7 procedural 
requirements at 50 CFR Part 402 apply.  In addition, ESA section 9 generally prohibits 
anyone from taking listed animal species without authorization.  “Take” is defined in 
ESA section 3(19) to include harming and killing.  Authorization to take is generally 
granted through the section 7 consultation process, in exchange for measures to minimize 



 
7  The National Marine Fisheries Service is now referred to as NOAA Fisheries, and is generally responsible for 
marine species under the ESA.  The U.S. Fish and Wildlife Service is generally responsible for terrestrial and 
freshwater species. 
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the take.  Detailed information regarding ESA compliance can be found online at 
http://www.nmfs.noaa.gov/pr/species/esa.htm and 
http://www.fws.gov/endangered/wildlife.html.  EPA’s CWA section 404(b)(1) guidelines 
also address ESA issues in the context of CWA section 404 permitting and appear at 40 
CFR 230.30.  Corps regulations implementing the ESA for its RHA section 10 and CWA 
section 404 permit programs appear at 33 CFR 320.3(i) and 325.2(b)(5). 



 
C The Fish and Wildlife Coordination Act, 16 U.S.C. §§ 661, et seq., provides that 



whenever the waters or channel of a waterbody are proposed or authorized to be modified 
by a public or private agency under federal permit or license, the agency first shall 
consult with the USFWS and the head of the state agency responsible for wildlife 
resources.  The purpose of this consultation is to promote conservation of wildlife 
resources by preventing loss of and damage to such resources and to provide for the 
development and improvement of wildlife resources in connection with the agency 
action.  Although the recommendations of the Secretary of the Interior and state officials 
are not binding, the federal agency must give them full consideration.  In addition, EPA’s 
CWA section 404(b)(1) guidelines address wildlife issues in the context of  section 404 
permitting and appear at 40 CFR Part 230, Subpart D.  Corps regulations implementing 
the Fish and Wildlife Coordination Act for its RHA section 10 and CWA section 404 
permit programs appear at 33 CFR 320.3(e) and 320.4(c).   



 
C Title III of the National Marine Sanctuaries Act (NMSA), 16 U.S.C. §§ 1431, et seq., 



authorizes the Secretary of Commerce to designate and manage national marine 
sanctuaries.  Under NMSA section 304(d), federal agency actions (including private 
activities authorized by federal permits) that are likely to destroy, cause the loss of, or 
injure sanctuary resources are subject to consultation with the Secretary of Commerce.  If 
the Secretary finds that a federal action is likely to have this effect, the Secretary must 
recommend feasible alternatives to protect resources, and if the agency does not follow 
those alternatives it must provide a written statement explaining why. The marine 
sanctuary program is administered by NOAA, which has promulgated implementing 
regulations at 15 CFR Part 922.  Part 922 specifically identifies all designated marine 
sanctuaries and their boundaries, as well as applicable regulations and restrictions 
governing their use.  EPA’s CWA section 404(b)(1) guidelines also address marine 
sanctuaries in the context of  section 404 permitting and appear at 40 CFR 230.40.  Corps 
regulations implementing these NMSA provisions for its RHA section 10 and CWA 
section 404 permit programs appear at 33 CFR 320.3(c) and 320.4(i).    



 
C The Magnuson-Stevens Fishery Conservation and Management Act (Magnuson-Stevens 



Act), 16 U.S.C. §§ 1801, et seq., is the principal federal law addressing the conservation 
and management of fisheries resources.  Among other things, Magnuson-Stevens Act 
section 305(b)(1) provides that fisheries management plans developed under the 
Magnuson-Stevens Act must identify essential fish habitat (EFH).  Magnuson-Stevens 
Act section 3(10) defines EFH as “...those waters and substrate necessary to fish for 
spawning, breeding, feeding, or growth to maturity.”  Under section 305(b)(2), federal 
agencies are directed to consult with the Secretary of Commerce with respect to any 
action to be authorized, funded, or undertaken that may adversely affect any identified 
EFH.  If the Secretary determines the action would adversely affect such EFH, the 





http://www.nmfs.noaa.gov/pr/species/esa.htm
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Secretary is to recommend measures that could be taken by the agency to conserve the 
EFH.  The agency must respond to such recommendations in writing, including a 
description of measures proposed by the agency for avoiding, mitigating, or offsetting the 
impact of the activity on the EFH.  Under Magnuson-Stevens Act section 305(b)(4), if the 
agency’s response is inconsistent with the Secretary’s recommendations, the agency must 
explain why.  The locations of EFH identified under the Act can be found online at 
http://www.nmfs.noaa.gov/habitat/habitatprotection/efh/fish_manage_c.htm.  NOAA 
regulations implementing the EFH provisions of the Act appear at 50 CFR Part 600, 
Subparts J and K. 



    
C The Marine Mammal Protection Act of 1972 (MMPA), 16 U.S.C. §§ 1361,1362, 1371-



1384 note, 1386-1389, 1401-1407, 1411-1417, 1421-1421h, is the principal federal 
legislation addressing marine mammal species protection and conservation.  MMPA 
section 102 prohibits, with certain exceptions, the take of marine mammals in United 
States waters and by U.S. citizens on the high seas, and the importation of marine 
mammals and marine mammal products into the United States.  Marine mammals subject 
to the MMPA are defined in MMPA section 3(6) to include both species that are 
morphologically adapted to the marine environment (e.g., sea otters, manatees, seals, 
walruses, dolphins, whales) or which primarily inhabit the marine environment (e.g., 
polar bears). MMPA section 3(13) provides that “take” means to harass, hunt, capture, or 
kill, or to attempt to do so.  Depending on the species of marine mammal involved, 
MMPA section 3(12) divides MMPA implementation responsibility between the 
Department of the Interior (USFWS) and the Department of Commerce (NOAA).  Under 
this division of responsibility NOAA manages the majority of marine mammals, 
including whales, dolphins, porpoises, seals, and sea lions, while the USFWS manages 
five species: polar bears, walrus, sea otters, manatees, and dugongs.  Relevant 
implementing regulations appear at 50 C.F.R Part 216 (NOAA) and 50 CFR Part 18 
(USFWS).  Corps regulations implementing the MMPA for its RHA section 10 and CWA 
section 404 permit programs appear at 33 CFR 320.3(k).    



 
C Section 401 of the Clean Water Act (33 U.S.C. 1341) requires that any applicant for a 



federal license or permit (e.g., an EPA-issued NPDES permits or a Corps-issued section 
404 permit) to conduct an activity that may result in a discharge into waters of the United 
States shall provide the permitting agency a certification from the state in which the 
discharge originates certifying that the license or permit complies with CWA 
requirements, including applicable state water quality standards.  No federal license or 
permit subject to CWA section 401 may be issued unless the state either grants or waives 
certification.  As a result, CWA section 401 provides states with the ability to preclude 
the issuance of federal permits or licenses subject to section 401 by denying certification, 
as well as the ability to indirectly impose conditions upon such federal permits or licenses 
by placing limitations or conditions on its section 401 certification.  EPA regulations 
implementing CWA section 401 appear at 40 CFR Part 121.  Corps regulations 
implementing the CWA section 401 its RHA section 10 and CWA section 404 permit 
programs appear at 33 CFR 320.3(a), 320.4(d), and 325.2(b)(1). 



 





http://www.nmfs.noaa.gov/habitat/habitatprotection/efh/fish_manage_c.htm
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Appendix C 
 



Information related to materials found on scuttled vessels that may have potentially hazardous 
effects on the marine environment* 



 
*The text provided in this appendix is an excerpt from the 2005 “Policy Statement of the National Marine Sanctuary 
Program: Artificial Reef Permitting Guidelines.” 
 
Scuttled Vessels  
The scuttling of vessels requires particular attention in this policy because of their size and 
potential toxicological effects on the environment.  As discussed above, sunken ships potentially 
attract divers away from natural reefs and thus may be beneficial to natural reefs in National 
Marine Sanctuaries.  However, there is a wide array of concerns that must be addressed before 
intentionally sinking a ship.   
 
The removal of petroleum products, hazardous materials, paint cans, batteries, plastics, oil, and 
fuel is specified on the U.S. Coast Guard’s Ocean Disposal/Artificial Reef Inspection form.  
Additionally, under the Toxic Substances Control Act (TSCA), the EPA has the authority to 
gather information on and regulate chemical substances and mixtures imminently hazardous or 
presenting unreasonable risk of injury to public health or the environment.  Despite these 
controls, some materials of concern may still remain on items used as artificial reef material.  
Such materials include: asbestos, polychlorinated biphenols (PCBs), iron, lead paint, and 
antifouling paint. The National Marine Sanctuaries Program (NMSP) should consider the risks 
associated with materials remaining on vessels to be used as artificial reefs.  The NMSP will 
consult with appropriate agencies (i.e., U.S. EPA, MARAD) to determine the best management 
practices to use in evaluating materials for pollution potential). 
 
Asbestos is the name given to six naturally occurring minerals that are used as insulators and fire 
retardants. Several studies have investigated the effects of asbestos on fish (Batterman and Cook 
1981, Belanger et al. 1990, Belanger et al 1986, Woodhead et al. 1983). The findings indicate 
that asbestos concentrations on the order of 106 to 108 fibers/L may cause epidermal lesions, 
epithelial hypertrophy, kidney damage, decreased orientation and swimming ability, degradation 
of the lateral line, reduced growth, and increased mortality in fish. Undisturbed, non-friable (not 
easily crumbled) asbestos has been found to be relatively harmless (Garcia and Salzwedel 1995, 
Montoya et al 1985).   
 
PCBs may still exist in water-tight gaskets, cable insulation, paint, transformers, capacitors, and 
other components of decommissioned Navy vessels (Martore et al.1996, Eisler and Belisle 
1996).  These chemicals have been implicated in: reduced primary productivity in 
phytoplankton; reduced hatchability of contaminated fish and bird eggs; reproductive failure in 
seals; altered steroid levels and subsequent reproductive impairment in fish and sea stars; 
reduced fertilization efficiency in sea urchins; and reduced plasma retinal and thyroid hormone 
levels potentially leading to increased susceptibility to microbial infections, reproductive 
disorders and other pathological alternation in seals and other marine mammals (Adams and 
Slaughter-Williams 1988, Brouwer et al. 1989, Clark 1992, den Besten et al. 1991).   
 
Antifouling paints typically containing tributyltin (TBT) and copper (Cu) are often used to paint 
vessel hulls to inhibit the growth of organisms below the water line. An IMO convention to 
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control the use of harmful anti-fouling systems on ships was adopted on October 5, 2001. The 
convention will prohibit the use of harmful organotins, including TBT, in anti-fouling paints 
used on ships and establish a mechanism to prevent the potential future use of other harmful 
substances in anti-fouling systems. TBT has been found to be toxic to non-target, non-fouling 
organisms at low levels (approximately 7.5-10.5 ng TBT/L). One of its most marked effects has 
been the induction of shell thickening and growth anomalies in oysters and imposex in the 
dogwhelk Nucella lapillus potentially leading to sterility (Gibbs et al. 1998).8 The discovery of 
the highly toxic nature of TBT-based paints has led many countries to ban the use of these paints 
for non-aluminum hulled vessels less than 25 meters in length. Copper, though an effective 
antifoulant, has not been shown to cause extensive effects on non-target organisms at relatively 
low levels. When present in high concentrations, however, copper can be toxic to aquatic life 
(Sorrenson 1991). In a study conducted when a cargo ship collided with part of the Great Barrier 
Reef and remained grounded for 12 days, sediment containing 8.0 mg kg super(-1) TBT, 72 mg 
kg super(-1) Cu and 92 mg kg super(-1) Zn was found to significantly inhibit larval settlement 
and metamorphosis (Negri et al. 2002). At this level of contamination, larvae survived but 
contracted to a spherical shape and swimming and searching behavior ceased. At higher 
contamination levels, 100% mortality was recorded. These results indicate that the contamination 
of sediment by anti-fouling paint has the potential to significantly reduce coral recruitment in the 
immediate vicinity of the site and that this contamination may threaten the recovery of the 
resident coral community unless the paint is removed.   
 
Iron, an essential element like copper, can be contributed to the environment from steel hulls of 
sunken vessels. As an essential element, iron levels will tend to be closely regulated by 
organisms, and thus, it is unlikely that any pollution-derived effects will be observed except in 
severe and localized cases (Thompson 1990). Corals living in seawater with high iron 
concentrations have been shown to incorporate the iron into their skeletons (Brown et al. 1991).  
Studies on phytoplankton and macroalgae indicate that in areas where plant nutrients such as 
nitrate and phosphate are abundant the availability of iron is actually a limiting factor in growth 
and biomass (Coale et al. 1996, Frost 1996, Matsunaga et al. 1994, Takeda 1998, Wells et al. 
1995). Hence the concern of unnatural iron inputs from artificial reefs seems to center not on the 
occurrence of adverse toxicological effects in marine organisms, but rather on the alteration of 
the composition of natural assemblages of algae and species which compete with algae.   
 
Lead paint has been used on the interiors of some vessels. Lead has no biological function and, 
therefore, exhibits accumulation trends in organisms (Thompson 1990). Corals have been shown 
to incorporate lead into their skeletons (Dodge and Gilbert 1984). Unicellular algae and sea 
urchins appear to be the most sensitive marine organisms (Berhard 1980). Growth inhibition has 
been observed in the algae species Thalassiosira pseudonana and Porphyridium marinum 
exposed to lead as well as in sea urchins.   
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Appendix D 
 



Developing Workplans for Vessel Preparation Prior to Reefing 
 
Determining the type and location of the potential sources of contamination from a vessel 
intended for use as an artificial reef should be conducted as part of a workplan for vessel clean 
up and preparation.  The purpose of such a workplan is to assure that materials of concern 
potentially contributing to pollution of the marine environment are addressed prior to reefing.  
The development of a workplan also can allow for more effective clean-up efforts during vessel 
preparation by considering activities such as recycling and reuse operations and possibly diver 
safety preparations.  Any such salvage operations should occur in a manner that will minimize 
debris and contamination with oils or other products that have to be cleaned up at a later date.  
This activity may allow for improved access for subsequent clean-up efforts.   
 
Information which may be useful in the preparation of a workplan could include: 



• Asbestos documentation for the vessel; 
• PCB documentation for the vessel;  
• Documentation that naval vessels have been previously demilitarized and certified to 



be radiologically decontaminated; 
• Documentation that refrigerants and halons have been removed from shipboard 



systems; 
• Information on hazardous materials onboard the vessel; 
• Information on exterior hull paint which could include paint type and date of last 



application; 
• General drawings of machinery, compartments, and tank layouts; 
• Description of vessel dimensions including size, weight, and superstructure materials; 
• Tank soundings describing the volume and contents of fuel oil tanks prior to 



preparation for reefing; 
• List of items with beneficial reuse potential to be salvaged prior to sinking; 
• Assessment of applicable laws and regulations, including  permit requirements; and 
• Reef site surveys and proposed site preparation. 



 
 
An assessment of the above mentioned information could then direct the actions needed for 
preparation of the reef project workplan.  Some general workplan preparation actions include: 
 



• Assess vessel drawings and dimensions;  
• Identify which items will remain on the vessel; 
• Identify items to be salvaged prior to sinking;  
• Estimate economic viability of the reef project (including permit costs and 



timeframes); 
• Determine if the vessel is a good candidate (i.e., does the workplan fall within 



reasonable time and financial commitments); 
• Coordinate with all regulatory agencies, local, regional, State and federal, as well as 



stakeholders, during all project phases; 
• Apply for and receive the appropriate permits for the project; 
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• Remove hazardous materials and clean vessel; 
• Inspect vessel to clear all findings (that the workplan for removal of materials as well 



as the vessel clean-up is met); 
• Conduct vessel stability analysis;  
• Develop strategy for vessel sinking;  
• Notify NOAA to update nautical charts once the ship has settled on the ocean floor; 



and 
• Deploy relevant aids to navigation and mooring/marker buoys at the site. 
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Appendix E 
 



General Principles for a Vessel Clean-up Operation 
 
In order to prepare a vessel intended to create an artificial reef, a workplan should be developed 
to direct cleaning operations – as described in Appendix D.  Salvage operations should take place 
first, being careful to minimize debris and contamination with oils or other products that will 
need cleaning sometime during the vessel preparation.  Other vessel clean-up preparations to be 
considered include: 
 



• Re-use/recycle/dispose of all or some vessel components – besides ferrous scrap 
materials, there may be high-value components onboard the vessel, such as non-
ferrous metals (e.g., copper, aluminum, nickel), and re-useable equipment such as 
generators, machines, pumps, and cranes;  



 
• Generally, clean-up operations should begin at the highest part of the compartment or 



tank and proceed downwards to the bilge; 
 



• Deal with the large concentrations of oil and hazardous products early in the 
operation; 



 
• Keep compartments clean and make concerted efforts to avoid spillage during salvage 



and clean-up operations; and 
 



• Consider removing, instead of cleaning, heavily contaminated machinery and piping.  
Removal may be quicker and less expensive.  Removal may also allow for less 
overall effort in clean-up as access to the contaminated machinery and piping is 
improved and ongoing contamination from drips and seepage is minimized. 
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Appendix F 
 



Recommended Checklist for Documenting Vessel Clean-up Using this Guidance9, 10



 
 
I. Specify particular material of concern 
 
II. Describe narrative clean-up goal for that material of concern  
 
III. Conduct surveys and assessments to determine current conditions/amounts of material of 



concern and document and describe: 
 



 Survey design and assessment methodologies 
 



 Who conducted survey/assessment 
 



 When survey/assessment was conducted 
 



 Results of survey/assessment 
 
IV.  Discuss how the narrative clean-up goal for the given material of concern was achieved 



(vessel preparation/clean-up initiated specifically for vessel-to-reef project) 
 



 Who carried out the work? 
 



 When was the work completed? 
 



 What cleaning method was used?  What preparation was done to address this 
material of concern?  How was the narrative clean-up goal achieved? 



 
 For some materials, the narrative clean-up goal is the removal of all of that given 



material (e.g., oil and fuel, solids/debris/floatables, antifreeze and coolants, fire 
extinguishing systems, batteries, refrigerants and halons, mercury, black and gray 
water, invasive species).  For these materials of concern, has the removal of all 
the specified material been verified?  How much of the material was removed and 
what was done with it after removal? 



 
 For some materials of concern, the narrative goal allows for some materials to 



remain on the vessel if prepared properly (e.g., asbestos, paint, lead ballast bars, 
radioactive materials, negatively buoyant vessel debris).  For these materials of 



 
9 This template would be used for each material of concern as presented in the BMPs (e.g., oil and fuel; asbestos; 
PCBs; paint; solids/debris/floatables; and batteries, antifreeze, coolants, mercury, radioactive materials and other 
materials of environmental concern). 
 
10 This checklist is not a regulatory requirement, nor is it a requirement to submit this information to any particular 
governmental or quasi-governmental agency, State or Federal.  However, this checklist outlines the type of 
information that might be useful to show that the goals in this guidance document have been met. 
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concern, how much of the specified material was removed and how much remains 
on the vessel (e.g., approximately how many lead ballast bars, approximately how 
much surface area is still covered with paint, how many rooms/compartments still 
contain friable or nonfriable asbestos-containing material)? 



 
-Was the material prepared with the intention of leaving it on board? 
 
-Is the material encapsulated (friable asbestos) or covered with growth 
(active anti-fouling paint)?  Enclosed in a room (negatively buoyant vessel 
debris)? 
 



 How has the completed work been verified? 
 
V. Identify who prepared this document 
 



 Name(s) and title(s) 
 



 Contact information 
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Appendix G 
 



Suggested Cleaning Methods for Oils, Fuels   
and Semi-solids (Greases) 



 
Tanks 
Methods for cleaning tanks include but are not limited to: 
 



• Mechanical Cleaning:  Mechanical cleaning involves mechanical removal of sludge and 
remaining fluids and wiping down all surfaces with oil absorbent material.  Although 
manpower intensive, this cleaning method limits the spread of contamination and does 
not require large volumes of fluids that are expensive to dispose. 



 
• Steam or Hot Water Cleaning:  This method is quite effective, although it requires special 



equipment and generates large volumes of oily water.  If this method is considered, a plan 
should be developed so that oily water generated during this cleaning method is dealt 
with in accordance with all applicable regulations.  Surfactants or soaps are not 
recommended, as they tend to emulsify any oil present and make the oily water 
exceptionally difficult to treat.  This would likely create higher disposal costs.  In tanks 
where deckheads and sides are reasonably free of contamination, pressure washing can 
cause significant contamination of these otherwise clean surfaces through splashing, 
misting, and carry-over. 



 
• Solvent Washing:  Solvent washing may be an option where there are especially difficult 



residuals or deposits that need removal.  Note that the use of solvents will require special 
handling and disposal of all liquid product generated as wastes.  



 
In rare cases, especially where low-grade fuels have been stored, it may be necessary to resort to 
advanced tank cleaning methods such as ultrasonic or special solvents.  It may also be 
advantageous to use a combination of several different methods, depending on the nature and 
location of the contamination.  In general, mechanical cleaning would be the first method to try, 
followed by steam/hot water washing, then solvent washing in extremely difficult situations.  
Whatever method is selected, the effluent and water should be collected and treated.  Large 
volumes will require the services of a pumper truck or barge, while smaller quantities should be 
collected and stored in drums and removed from the vessel.  Caution should be used during all 
transfer operations to avoid spills.  If transferring large quantities of oil or oil contaminated 
liquid, a boom around the vessel should be used to minimize the extent or spreading of a release. 
 
 
Fuel and Oil Pipe Fittings, Piping with Manifolds, and Filling Points  
 



Filling points:  All filling stations or deck fittings that were used for receiving fuels or 
oils should be opened and cleaned.  Access to the filling stations and deck fittings is 
necessary to ensure that they are completely drained and free of such fuels or oils.  This 
will typically require access from the bottom and the top. 
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Fuel and Oil Piping Including Manifolds:  Fuel and oil piping (including non-segregated 
ballast systems) should be drained of all fuel and oil.  The cleaning and opening of pipes 
varies according to the type of fuel or oil that was contained in the lines.  In general, the 
more viscous the fuel or oil, the more opening of pipes and cleaning activity will be 
required.  For very viscous products (e.g., No. 6 fuel oil or Bunker C fuel as described in 
the “Oil and Fuel” section of this document), all piping and fittings should be fully 
opened for visual inspection. 



 
Vertical piping runs should have all valves completely opened and any blanking flanges 
or spectacle plates removed for cleaning.  Horizontal piping runs should be opened at low 
spots.  Once draining of piping systems is completed, no visual evidence of weeping 
should exist at openings. 



 
Fuel and Oil Piping Fittings:  Fittings consist of valves, site glasses, coolers, siphon 
breakers, and filters.  A visual examination of internals, or a cut through the lowest point 
of the fitting may be useful.  Where fittings are of complex construction or have more 
than one oil-tight compartment (as in coolers), then access to all sub-compartments or 
components may be necessary.  No visual evidence of weeping should exist at openings.   
 
Unless the piping is clearly identified as being part of a non-hydrocarbon system or there 
is clear evidence to indicate that the system was not part of a hydrocarbon containing 
system (e.g., seawater piping to coolers, fresh water piping to domestic spaces), it should 
be assumed that the piping contained fuel or oil.  Fittings should be cleaned, or removed 
from the vessel. 



 
 
Bilge Compartments and Piping  
 
All piping that runs through the bilge areas of machinery spaces should be assumed to be 
contaminated by fuel, oil, or greases until proven otherwise.  Piping in bilge spaces should 
follow the clean-up suggestions as presented in the subsection above entitled “Fuel and Oil 
Piping Including Manifolds.” 
 
 
Combustion Engines 
 
 Structure:  Remove access panels, explosion doors, handhold doors, 



maintenance panels, gear covers, bearing covers/retaining plates, 
as necessary to remove oil.  Visible oil should be removed from all 
internal components.  The surrounding and support structure 
should be made accessible for inspection, especially the area under 
the engine.  At least one main bearing should be opened to 
determine if the design allows oil to be trapped, thereby indicating 
whether all bearings should be opened and cleaned.   



 
 Fuel System: All fuel system components should be cleaned or removed from 



the engine.  These include injectors, carburetors, supply, 
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distribution and return lines, filters, pumps, relief valves, pressure 
regulating mechanisms, governors, and heat exchangers.  Removal 
of these items will prevent fuel seepage from their connections.  If 
these items are to be sunk with the vessel, they should be opened, 
cleaned, and prepared for inspection. 



 
 Lubricating Lubricating oil sumps should be drained and opened for  
 Oil System: cleaning and visual inspection.  This may require that additional 
   access openings be made.  All lubricating oil piping, both internal 
   and external to the engine, should either be removed or drained. 
   Lubricating oil system components should either be cleaned or 
   removed from the vessel.  Internal oil gallery plugs should be 
   removed.  Pedestal and thrust bearings should be drained.  Engine 
   driven oil pumps should be pulled or cleaned.  Engine oil filling 
   and dirty oil drainage arrangements should be removed or cleaned. 
   
 Other Systems: Other components and systems susceptible to contamination with 
   fuels, oils, or greases (e.g., superchargers, turbochargers, air filters) 



should be examined visually and cleaned if they are present. 
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From: Fuller, Steve
To: Richard Franklin
Subject: RE: ex-oriskany
Date: 06/06/2011 08:55 AM


Richard,


My go to risk assessor is looking into this.


Best,
Steve


-----Original Message-----
From: Franklin.Richard@epamail.epa.gov
[mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Friday, June 03, 2011 3:47 PM
To: Fuller, Steve
Subject: ex-oriskany


Our attorney says that recent data shows far more leachate and more
widely distributed than the original navy shallow water study.  Is there
a more up to date study? I'll ask here if she has a reference as well.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178



mailto:SFuller@TechLawInc.com
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From: Richard Franklin
To: Fuller, Steve
Cc: Martin, Bradley; Earl Liverman; Ban, Tiffany
Subject: Re: Rev. 1 of the EECA
Date: 05/18/2011 01:50 PM


Thanks Steve.


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 


▼ "Fuller, Steve" ---05/18/2011 01:28:00 PM---Richard,


From:    "Fuller, Steve" <SFuller@TechLawInc.com>
To:    Richard Franklin/R10/USEPA/US@EPA
Cc:    Earl Liverman/R10/USEPA/US@EPA, "Martin, Bradley"
<BMartin@TechLawInc.com>, "Ban, Tiffany" <TBan@TechLawInc.com>
Date:    05/18/2011 01:28 PM
Subject:    Rev. 1 of the EECA


Richard,


 
Latest revision and estimates for your review/edit/etc.  Cost increases in Alt. 1&2
are related to a revised estimate for foam removal and some adjustments to PCB
paint removal.  Earlier estimate we were provided for foam removal  was for work in
a dry dock.  These are for work over water.


 
As for the budget as of last Friday we were at 89.7%.  With the site visit and report
work this week we likely have about $4000.00 remaining as of today.  Depending on
your comments and CG comments this might be sufficient to address them, but
likely little wiggle room.


 
I’ll get an estimate for crafting a “No Effects Memo” to you soon.


 
Best,
Steve


 
Steve Fuller L.E.G., P.G.



mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US
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Sr. Consultant
Techlaw Inc.
101 Yesler Way, Suite 600
Seattle, WA 98104
206.577.3051 (O)
206.276.7844 (C)
 [attachment "Copy of LST1116 Cost Est Tbls.xlsx" deleted by Richard
Franklin/R10/USEPA/US] [attachment "LST-1166_EECA_Draft (Revised May 2011 srf)
(3).docx" deleted by Richard Franklin/R10/USEPA/US] 








From: Richard Franklin
To: Thorkilson, Kelly LCDR; Griggs, James MSTC
Cc: Rossetti, Johna LT; Echols, Anthony MST2
Subject: PRFA Amendment for LST-1166
Date: 06/09/2011 01:27 PM
Attachments: LST1166 PRFA Amendment.docx


Hi All,


I am requesting an amendment to the original PRFA issued to EPA for preparing
EE/CA, and have attached a suggested draft amendment below.  We have spoken
about this in the past, but I'd like to get it finalized, if you agree.  We're not asking
for any increase in funding, but do want to amend the PRFA in order to: 1) add the
task of working with NOAA NMFS to research and draft the appropriate documents
under ESA for delivery to USCG (a technical memorandum for finding of "no affect" 
- we believe a Biological Assessment may not be necessary), and 2) to tighten up
the language in the original scope of work as previously agreed.


Finally, under terms of the PRFA, we could ask for, and potentially get an extension
of the period of performance.  I would like to do so in order for us to complete the
ESA work, and to complete the EE/CA given the latest info from TSCA and Ocean
Dumping.  For completion of the EE/CA, I'd like to deliver the pre-final draft of the
EE/CA to USCG the week of June 20, then get USCG comments and delivery the final
EE/CA to USCG by July 1.  


We could also add time to the period of performance to assist you as needed in
other associated tasks, such as the 30-day solicitation and response to public
comments, community relations, etc.    If you'd like to add time for help with the 30-
day comment and response, etc., then we'd ask for additional time as appropriate. 


Please let me know what you think.


Thanks for your consideration,


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178 



mailto:CN=Richard Franklin/OU=R10/O=USEPA/C=US
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AMENDMENT NUMBER THREE TO


POLLUTION REMOVAL FUNDING AUTHORIZATION





CPN C07158


LST1166








Issued to (Recipient Agency):





U.S. Environmental Protection Agency


Richard Franklin


805 SW Broadway, Suite500


Portland, OR  97205





By (FOSC): 





Date of Original Authorization: 	21 September 2010





Document Number of Original Authorization: 	34/10/33/0/V/YD/037





The Authorization cited above is amended as follows:  





In order to clarify and amend original Scope of Work as follows:





· EPA will attend a Pre-Performance Briefing to be given by USCG 12 December 2010.


· The requirement for development of a written report (Phase I) deliverable to USCG is the draft EE/CA and not a separate report.


· USCG will be responsible for all NCP lead agency actions such as: establishing the site Administrative Record, soliciting and responding to public comments on the Administrative Record (pursuant to 40 CFR 300.820), and conducting Community Relations.  EPA will assist USCG and provide technical advice as required in the above functions.


· EPA will consult and work with NOAA National Marine Fisheries Service (NMFS) to assess Endangered Species Act (ESA) requirements, and provide USCG with the appropriate recommendations and/or draft documents for ESA compliance.





All other conditions of the original PRFA remain in effect.  


            





Authorizing Official:





Signature: ______________________________________________   





Title: On-Scene Coordinator			   	Date:  ____________ 







From: Fuller, Steve
To: Richard Franklin
Subject: FW: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and  other Contaminants
Date: 06/16/2011 10:54 AM


Richard,


I have asked Estelle to do a speed read to see if there is something that supports our case.


Best,
Steve


-----Original Message-----
From: Robert K Johnston [mailto:johnston@spawar.navy.mil] 
Sent: Thursday, June 16, 2011 10:50 AM
To: Franklin.Richard@epamail.epa.gov
Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 
71750; Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752; George, Robert D CIV SPAWARSYSCEN-PACIFIC, 
71752; Fuller, Steve
Subject: Re: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs and other Contaminants


Hi Richard,


I was good talking with you. We are working on getting a CD with all the SINKEX studies for you. 
All the Oriskany reports are available at http://environ.spawar.navy.mil/Projects/REEFEX/index.html


You may also be interested in these references as well:
EPA Guidance for artificial reefs
http://water.epa.gov/type/oceb/artificialreefs_index.cfm


SEA 21 Navy Inactive Ships Program
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/default.aspx
http://www.navsea.navy.mil/teamships/Inactiveships/Artificial_Reefing/oriskanyfaqs.aspx


Ships to Reefs Program
http://www.ships2reefs.com/displaycommon.cfm?an=1&subarticlenbr=17


South Carolina Artificial Reef Program
http://saltwaterfishing.sc.gov/artificialreef.html


Florida Artificial Reef Program
http://myfwc.com/conservation/saltwater/artificial-reefs/


Escambia County (FL) Artificial Reefs
http://www.myescambia.com/Bureaus/CommunityServices/ArtificialReefs.html


Currents Article on Sinking Oriskany
http://www.enviro-navair.navy.mil/currents/summer2006/Sum06_Ships_To_Reef_Program.pdf


Artificial Reef Society of BC
http://www.artificialreef.bc.ca/


and the ultimate source....
Wikipedia
http://en.wikipedia.org/wiki/Artificial_reef


I hope that helps.


-bob
--
~~~o~~~<><~~~~o~~~><>~~~o~<><~~(|)(\/)~~><>~~~~<'}}}><~~~o~~
Robert K. Johnston, Ph.D.
Marine Environmental Support Office - NW Space and Naval Warfare Systems Center Pacific Code 71752
4228 Fir Dr. NE
Bremerton, WA 98310
work: 360 782-0113 cell: 360 961-9072
fax 360-824-6279
johnston@spawar.navy.mil


> ________________________________
>
> From: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Sent: Tue 6/14/2011 3:52 PM
> To: Fransham, Roy L CIV SPAWARSYSCEN-PACIFIC, 71752
> Cc: Wild, Bill J CIV SPAWARSYSCEN-PACIFIC, 71751; George, Robert D CIV 
> SPAWARSYSCEN-PACIFIC, 71752
> Subject: FW: Assistance on SPAWAR reports re Deep Ocean Effects from 
> PCBs and other Contaminants
>
> Roy/Rob/Bill,
>
> Can you please provide a response to the request below.
>
> Thanks,
>
> Bart
>
> -----Original Message-----
> From: Franklin.Richard@epamail.epa.gov 
> [mailto:Franklin.Richard@epamail.epa.gov]
> Sent: Tuesday, June 14, 2011 1:57 PM
> To: Chadwick, Bart B CIV SPAWARSYSCEN-PACIFIC, 71750
> Cc: SFuller@TechLawInc.com
> Subject: Assistance on SPAWAR reports re Deep Ocean Effects from PCBs 
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> and other Contaminants
>
> HI Bart,
>
> Thanks for visiting with me this afternoon about Mr. (Dr?) Gauthier's reports on the release of 
PCBs and other contaminants in the deep ocean from sunken vessels.  As I mentioned in our call, we 
are working to assist the U.S. Coast Guard, Sector Columbia River, with conducting an Engineering 
Evaluation and Cost Analysis (EE/CA) of disposal options for an ex-Navy ship that has been 
abandoned on the lower Columbia River.
>
> The vessel is an attractive nuisance, but more specifically is contaminated with PCBs in 
interior paint and PCB-laced asbestos cabling insulation.  The USCG would like to scuttle the 
vessel in 1000 fathoms of water, 65 miles offshore the coast Oregon.
>
> In conducting the EE/CA, we've been having a hard time finding appropriate, helpful studies or 
data on what might happen to PCBs in the deep ocean environment.  However, we did find references 
to Mr.
>
> Gauthier's work in SPAWAR's January 2006 Final Report on the 
> Ecological Risk Assessment on the EX- ORISKANY, specifically;
>
> Gauthier et al. 2006. Risk Assessment of the Potential Release of PCBs and Other Contaminants 
from Sunken Navy Ships in the Deep Ocean: ex-USS AGERHOLM Case Study.
>
> Final
> report prepared for SINKEX Technical Working Group, by Space and Naval Warfare Systems Center, 
San Diego, CA. (in prep).
>
>  Another reference that looks to be helpful in this report is:
>
> Richter, K.E., Aldis Valkirs, Carol Dooley, Ronald Gauthier, Martha Stallard, and D. H. 
Rushworth 1994. Ecological Analysis of Deep Sea Sinking of Navy Ships Containing Polychlorinated 
Biphenyls (PCB) Impregnated Materials, White Paper. Naval Command, Control, and Ocean Surveillance 
Center Research Development Test and Evaluation Division (NRaD), Environmental Sciences Division, 
Code 52, 4 March 1994, San Diego, CA.
>
> We've not been able to locate the these studies, so I'd like to request a copy from your agency 
if possible.  Any help you can provide will be appreciated.  We'd love to get our hands on a copy 
soon (would be great to have it such electronic copy, but of course hard copy is great, too).
>
> At this point, ANY help is highly appreciated.  Any other references that you may deem to be 
helpful would be appreciated.  Also, I've cc'd our EPA contractor who is assisting with our risk 
assessment and also putting our report together.
>
> Thanks again for your help,
>
> Richard Franklin
> Federal On-Scene Coordinator
> U.S. EPA Region 10
> Oregon Operations Office
> 805 SW Broadway, Suite 500
> Portland, OR  97205
>
> Office:  (503) 326-2917
> Cell:     (503) 475-4178








From: Fuller, Steve
To: Richard Franklin
Cc: Martin, Bradley
Subject: RE: exterior paint clarification
Date: 05/17/2011 09:33 AM


Thanks Richard,
 
(ii) removing from the hulls other
pollutants and all readily detachable material capable
of creating debris or contributing to chemical
pollution.
 
I would contend that the paint is not “other pollutants” or is it “readily detachable”, it’s a whole lot
of work.  I would also contend should any flakes become detached wile transporting or disposing the
vessel it would not create “debris or contribute to chemical pollution”.  To carry this to its logical
end the hull would also have to be prepared before towing/ “transporting” to a dry dock in
Alternative 3.  Common sense has to enter the picture at some point.  We will work up an estimate
just the same.  Thanks for the boat ride.  It was nice to get out of the office.
 
Best,
Steve
 
From: Franklin.Richard@epamail.epa.gov [mailto:Franklin.Richard@epamail.epa.gov] 
Sent: Monday, May 16, 2011 9:23 PM
To: Fuller, Steve
Cc: Liverman.Earl@epamail.epa.gov
Subject: exterior paint clarification
 
Hey Steve.  Thanks again for today.  I thought it was a very productive day and conversation with
NMFS.  As for my call late this afternoon, I just wanted to clarify - I'm interested in the cost to just
remove the friable /peeling paint from the exterior hull above the waterline (with containment, etc.), not
all the lead-based paint on board.  I want to have this just in case it's really required under 40 CFR
229.3(a)(3)(ii), which it sounds like it may be.  It does say remove any material which could create
debris (its looks to me like its independent of any eco-risk or health-based risk).  See attached (I
apologize if I've sent this before). 


  


Richard Franklin
Federal On-Scene Coordinator
U.S. EPA Region 10
Oregon Operations Office
805 SW Broadway, Suite 500
Portland, OR  97205


Office:  (503) 326-2917
Cell:     (503) 475-4178
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From: Richard Franklin
To: Steve Fuller
Subject: Shipyards who'll  accept LST
Date: 05/17/2011 02:45 PM


Steve,


In your searches, have you determined that there are specific shipbreakers /
shipyards that would take the vessel, or is it that companies such as Ballard Diving
or Global would take it? I'm assuming its more of the latter.


Thanks 
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